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YeakaeMbiif yuTare/n!

Bel OTKppUIM OAHY W3 3aMedyaTelbHBIX KHUT, M3JaHHBIX B Ce-
pun  «Kitaccudeckuii yYHHBEPCHTETCKHI y4YeOHHK», IIOCBAIIEHHOMN
250-netmo MockoBckoro yHuBepcureTa. (Cepus BKIIOYAET CBHIIIE
150 y4eOHuKkOB M y4eOHBIX MOcoOWii, PeKOMEHIOBAHHBIX K W3IaHHIO
YyeHBIMH cOBeTaMH ¢haKylIbTETOB, PEIAKIIHOHHEIM COBETOM CEPHH H
M3[aBaeMbIX K I00MIIEI0 IT0 pelleHU0 Y4yeHoro corera MI'Y.

MOCKOBCKHMiT YHUBEPCHUTET BCeryia CIaBHIICS CBOMMH HpodeccopaMu
M IpernonaBaTe/iiMH, BOCITUTABIIHMU HE OOHO IIOKOJIGHHE CTYAEHTOB,
BIIOCJIEACTBUY BHECIIMX 3aMETHBIM BKJIa] B pa3BHTHE HaIlleH CTpaHEI,
COCTaBHBUIMX FOPAOCTE OTEHYECTBEHHOM H MUPOBOM HAYKH, KYIETYpPbI U
00pa3oBaHusL.

Bricokuit ypoBeHb 00pa3zoBaHus, KOTOpoe naeT MOCKOBCKHH YHH-
BEPCHUTET, B [IEPBYIO Ouepeab 00ecieuynBacTCs: BHICOKUM YPOBHEM HaIu-
CAHHBIX BBIIAIOIIMMUCS YICHBIMH H IIelaroraMy y4eOHHKOB U y4eOHBIX
HOocoOHi, B KOTOPBIX COYETAIOTCA KaK ITyOuHA, TaK H IOCTYIHOCTB
M37aracMoro Marepraia. B 3THUX KHHrax akKyMyaupyercs OecrleHHBIH
OIIBIT METOAMKH U METONOTIOIHU NPEMOAaBaHUs, KOTOPHIH CTaHOBHTCSH
JNOCTOSHHEM HE TOJIBKO MOCKOBCKOrO YHHMBEPCHUTETa, HO M APYTHX
YHUBEpCUTETOR Poccuu U Bcero mMupa.

Uznagne cepur «Krmaccudecknil yHHBEPCHTETCKHI Y4ueOHHK» Ha-
MIAOHO JEMOHCTPHPYET TOT BKJIAJ, KOTOpbIH BHOCHUT MOCKOBCKHI
YHHUBEPCHTET B KIIACCHUYECKOE YHHBEPCUTETCKOEe 00pa3oBaHHe B Halel
CTpaHe ¥, HECOMHEHHO, CIYXHT €r'0 Pa3BHTHIO.

Pemienue aTo#t OnaropogHod 3amauu ObUT0 6B HEBO3MOXKHBIM Oe3
AKTMBHOH IIOMOIIM CO CTOPOHBI M3JATEILCTB, MPUHABUIMX y4yacTHE B
U3JaHUM KHUT ceprH «Kitaccudeckuil yHUBEPCHTETCKHH yueOHUK», MBI
pAaCLEHHBACM 3TO KaK IMO/AEPKKY HMH MO3HIIHM, KOTOPYIO 3aHHMAET
MocCkoBCKHIT YHHBEPCHTET B BONPOCaX HAyKH H 00pa3oBaHusi. DTO
CIYXKUT TakXXe CBHIETEIbCTBOM TOTO, uTo 250-meTHuii 100HIeii Moc-
KOBCKOTO YHHBEPCHTETA — BhIAANOIICECS cOOBITHE B XKH3HU BCEH Haulel
CTpanbl, MUPOBOTO 00pPa30BaTENBHOIO COODIIECTRA.

Pexmop Mockosckozo ynusepcumema [ (e (j’ (7] g«/ AL ﬂ‘{

axademux PAH, npocheccop g B. A. Cadosnunui
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Caemioit namstu

Hunvr Baadumupoenst PEYTOBOH,
JTuouu Bradumupoener KVPIL] u
Mapuu Heanosnor BYTHHOH
NOCBALIAETCA

INPEANC/IOBHUE

Opranuyeckas XUMHS OTHOCUTCS K HHCIY MOJOJBIX €CTECTBEHHO-
Hay4YHBIX JUCITHIUIHH M HACYUTHIBAeT HEMHOTHM OoJiee oIyTopacTa JIeT
CBOEr0 pa3BUTHS C TOTO YHCTO YCIIOBHO BBHIOpAaHHOTO MOMEHTA, KOTHa
. Benep cyMen IpeBpaTHTh HEOPIaHUYECKOE BEIIECTBO M30OLIMAHAT
aMMOHHs B OpPraHHYECKOE BEIeCTBO MOYEBHHY. 3a 3TOT KOPOTKHM
HCTOPHUYECCKHH MPOMEXKYTOK BPEMEHH OpraHHYecKas XUMHS cyMena
BOHTH B psan Haubolee Pa3BHTBIX U CTPEMHTENLHO PA3BHBAIOUIHXCS
(yHOaMEHTaNbHLIX HayK M HAKONHWTH OTPOMHBIA (akTUdeckuil Mate-
puan. He menee 90% Bcex M3BECTHBIX B HACTOSIIIEE BPEMsI XUMHUUECKHX
COCIMHEHHMH SBIAIOTCA OPraHWYECKHMH, H HX 4HHCIO NpHOIMKaercs
K JCCATH MILTHOHAM. MHTEpecHO OTMETHTH, YTO XHMHKH-OPTaHHMKH
COCTaBISIIOT 0OJiee MHOMOBHHBI BCEX XHMMKOB, 3aHATHIX HAyYHOH H
TEeJaroruyeckof JesTenbHOCThI0. Opraunyeckas XUMHs 3aHHMAaeT J0-
MHHHUPYIOIIEE MTONOXKEHHE U B MUPOBOM XMMHUYECKOH HHIYCTDHH, TOe
€XETOHO MPOU3BOAATCS ThHICSIYM OPIAHHYECKHX MPOAYKTOB.

HecMmoTpss Ha TO 4YTO OpraHu4eckas XUMHsS MOJIOIA, OHa cama
SBJIAETCS IIPApOJUTENbHUIEH IO KpalHEH Mepe JeThIpex 4pe3BhluaitHo
BaXKHBIX COBPEMEHHBIX HAYYHBIX TUCIUIIMH: OMOOPraHMIeCcKOH XUMUH,
XHUMHU BBICOKOMOJIEKYISIPHEIX COCIHHEHUH (rmonuMepoB), dapMakolio-
THYECKOM XMMHUHU M IIPOMBIILIEHHOI'O OpraHM4ecKoro cuHTe3a. Hoarle
HAyKH «OTIMOYKOBANIHUCHY» Bcero 40-50 ner Ha3zag B mpouecce pa3BHTHS
OpraHU4ecKOH XMMUHU U TENeph Pa3BUBAIOTCS COBEPIIEHHO CAMOCTOS-
TEIBHO, C YCIIEXOM HCIIOJbL3Ys OoraTediuil ONBIT OPraHUYECKOH XUMHHK
U €€ HOBeHIuMe NOCTIIKEHUS B TEOPETHUECKOH M MpakTHUYEeCKoH 06-
nactax. Cpeau «IIOTOMKOB» OpTraHHYECKOH XUMHH Hauboliee BaXkHOE
3HAYEHUEe MMEIOT TaKXe (papMakonoruyeckas XUMHsA, NOCKOJIBKY MO-
JaBistoniee OONBIIHHCTBO JEKAPCTBEHHBIX MPENapaToB MPEeACTaBISIOT
c000ii CIOXKHBIE OpPraHUYECKHE COEIHHEHHs, OHOTEXHONOTHUA H COBpe-



MEHHas arpoXuMus (B CBS3H C OCTPHIM JAeQUIIHTOM HPOAOBOJILCTBHSA B
cnabopa3zBUTHIX CTPaHaX).

Urto MOXeT AaTh CTYICHTY, aCOMPaHTy W HAYHHAMOUIEMY YUEHOMY
H3y4eHHE OpraHUYeCcKOH XUMHU? Ha 3TOT TpyAHBI BOIIPOC HET COBEp-
LIEHHO OmpeeneHHoro oreera. Kaxkapiit MOXET yIOBIETBOPUTE pa3HbIe
007aCTH CBOMX HHTEPECOB B COOTBETCTBMM ¢ HHTEIUICKTYaJIbHBIMH 3a-
IIPOCaMH U BOBMOXKHOCTAMU. OHUX 3Ta HayKa MPUBJIEUET IeYKTHBHON
JIOTHKOH K TEOPETHYECKUMH KOHIIEIIMSIMH, KaCAIOIIUMHUCI MEXaHU3MOB
Pa3HOOOPA3HBIX XUMHUYECKUX PEAKIUH, peaK[MOHHON CII0COOHOCTH Op-
TaHMYECKHX MOJEKYT U Haubonee BaXKHOH MpOoOIeMbl — CBA3M XUMHYE-
CKO¥t CTPYKTYPHI H peaKIuOHHOM criocobHocTH. Bee 310 MOKHO 00Be M-
HUTH TEPMHHOM «(dU3HYeCcKas OpraHuyecKas XuMusm». Jpyryio rpynmy
CTYJCHTOR, aCTIIUPAHTOB U MOJIOJEIX YYEHBIX MOTYT IIPHBJIEYL BOMPOCHI
CTPOECHHS OPTaHUYECKUX COCTUHEHHI U CBS3AHHBIE C STHUM MPOOIEMEL
K ux yciyraMm pazHooOpa3HbBIE cOBpeMeHHbIE (PHU3HKO-XUMHUYECKUE Me-
tomael: SIMP-, DI1P-, UK- n Y®-criexTpockonus, Macc-CleKTpOMETpHS,
a TaKkKe KBAHTOBOXHMHYECKHE pacdeTHhe MeToabl. OpHaxo obriui
HHTEpeC K OpraHH4ecKOH XMMHUHU Bcerna OBl CBSI3aH C OPraHHYECKAM
CHHTE30M, HE TOIBKO YAOBJIETBOPSAIOIIMM IIPaKTHUYECKHE 3aPOCH], HO H
OTKPBIBAIOIUM NYTH K MONYYEHHIO CIOXKHBIX [I0 CTPOCHUIO MOJEKYI,
COOTBETCTBYIOUINX BBICOYAWINUM TPeOOBAHUAM XHMHUIECKOW ICTETHKH.

B KpyNHOTOHHA)XXHOH XUMHUYECKOH TEXHOTOrHK OONBIIHHCTBO IIPO-
1IeCCOB B TOM HJIM HHOM CTEIIEHW CBA3RHO C OPTaHWYECKOM XMMHEH.
K ux yucny OTHOCSTCS TIPOW3BOACTBA COBPEMEHHBIX CHIPBEBBIX Mare-
puanoB, 6HMOTEXHOIOrHYECKHE TPOU3BOACTBA, IOIyYeHHE MAaTepPHANIOB
IUISL ONTHYECKOM SIEKTPOHUKH, CEHCOPHBIE TEXHOIOTHH, IOIYYEHHE
CyHEpIpOBOASIINX MATEpPHAIIOB (BBICIIAg KpPUTHUECKAs TeMIeparypa
JUlsl OPraHUYEeCKOTO CYNEepnpoBOaHMKa cocTaBsieT 29 K, Torna xax ans
KE€PaMUYECKOr0 HEOPraHMIECKOTO MATEPHAd Ha OCHOBE MPOH3BOMHBIX
Tamusa — toeko 125 K).

B Tabu. 1 o6o6meHsr HeKOTOpble Haubolee BaxKHbIE ceprl IpuMe-
HEHMSI OPTaHUYECKUX COCAMHEHUH, U 3TOT JIalI€KO HE IOJIHBIN [IEpeUeHb
[aeT BIOJHE HAITIAAHOE IPECTABICHUE O POIH M 3HAYEHHH OpraHuye-
CKOM XHMHH B COBPEMEHHOH >KM3HH.

Opranuueckass XUMHs HAXOOUTCA B MTOCTOSHHOM Pa3BUTHU: €KCTO/-
HO pa3pabaThIBalOTCs M NPEUIaraloTcsi HOBBIE PEAareHTHl M METOAMKH,
ropaso peXke — HOBbIE PEakl|MH M, YTO OYEHb BAXKHO, TEOPETHUECKHE
TIPUHIIUITB] COBEPILIEHCTRYIOTCS.

CTyneHTs! UM aCIIMPaHThl JODKHEl OCTUraTh OPraHHYECKYHO XH-
MHIO HC B CTaTHKE, 4 B IMHAMHKE €€ Pa3BUTHA.

OOBIYHO IIPH HAHCAHUK YHeGHHKaA 110 OPraHMYECKOH XMMHUH MOTYT
OBITH HCIIONB30BaHBl JIBA ajJbTEPHATHMBHBIX TIPUHLMNA OPraHH3aldM
OTPOMHOr0 (haKTHYECKOT0 MaTepHala: IEePBBIH — TPaaUIHOHHBIA — IO
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Tadbnuua l

Cdepbl npHMeHeHUA OPralHiecKUX coeUHEHH I

I. XmMuueckas TeXHOJIOIUA

Honumepsbi Mauibie MoaEKYJIbI

[HOIMATHIICH TOMNNBO (OCH3HH, KEPOCUH, Ma3yT)
HOHHCTHPOH KpacuTenn, NUIMECHTbL

teduion PacTBOPHUTENH

KayuyK JIeKAPCTBEHHBIE NIPEIapaTh

HCKYCCTBEHHas IEPCTh
HEHIOH

MECTUHM/B! (MHCEKTHIIMABI, repOHIIbL)
OTHETYUIMTENH, NYUIKCTHIC BEUIECTBA,

NoMH3¢UpPHI JIETEPreHThl, peipHIKEPEHTb
II. ®u3nxa 111, buoaorust u Guoxumus
TEPMOAHHAMUKA GeNIKi ¥ nenTHIbl
JHEpreTHKa HYK/IEMHOBBIE KHC/IOTHI
CTpyKTYpa YIJIEBOJIbI

JMHAMHKA TNUIHABL

CIEKTPOCKONHUSA CTEPOUJIBI
3IEKTPONPOBOAHOCTS FOPMOHBL

KBaHTOBAas MeXaHHKa BUTaMUHBL

anacopbuus nopguHel ¥ NOpHUPUHEL
tdoroxumus depMeHTH

nazepsl

TCIH

KJIACCaM OPraHMYEeCKHX COCIUHEHHH B COOTBETCTBHUH C (hYHKIIMOHAIB-
HOH TpyHIol 1 BTOpo#H, OCHOBaHHBIN Ha MexaHH3Me peakuuil. B co-
BPEMEHHBIX y4eOHMKaX JUIsS CTYJEHTOB HEPBOTO Tofia oOydeHms, Kak
MPaBHJIO, HCIIOIB3YETCS CMEIAHHBIH HPUHINIL, TTie€ Hapsly ¢ paccMOT-
PEHHEM KIIaCCOB OpraHHYECKUX COSAUHEHHI OTHEIbHBIC [T1aBEI LIETHKOM
OCBAIeHB] Haubosee QyHNaMEHTAIBHBIM MEXaHU3MaM OPraHHYEeCKAX
peaKIuit (3aMelieHHs, OTINEIUIeHHs U IPUCOSAUHEHHUS).

3a mochnegHue RECATHIETHA 32 pybexoM ObLIO OmMyOIHKOBaHO
HECKOJIBKO IPEBOCXOJHBIX YYeOHHKOB IO OpPraHHYECKOW XUMHHU st
CTYAEHTOB NEPBOI0 roja obdyueHus:

A. Streitwieser, C. H. Heathcock, E. Kosower. Introduction to organic
chemistry. Macmillan Publishing Company. N. Y. 4-th Ed. 1992. 1256 p.

K. P C. Vollhardt. Organic chemistry. W. H. Freeman and Co. N. Y.,
1987. 1275 p.

J. McMurry. Organic chemistry. Brooks/Cole Publishing Company.
Monterey; California, 1984, 1167 p.

L. G. Wade. Organic chemistry. Prentice-Hall. Inc. Englewood Cliffs.
New Jersey, 1987. 1377 p.



T. W. Graham Solomons. Fundamentals of organic chemistry. John
Wiley and Sons. N. Y., 1982. 827 p.

R. J. Fessenden, J. S. Fessenden. Organic chemistry. 4-th Ed.
Brooks/Cole. California, 1990. 1137 p.

Bee oti y4eOHUKM OAHOTHIHB! [0 MPHHIMITY MTOCTPOEHMS, OTIH-
9aroTCs JIOTHKON H IIMyOHMHOH H37TOXKEHHS, TIPEeKPacHbIM HILTIOCTPAaTHB-
HBIM MaTepuanoM, obuiaueM 1abaull ¢ omucanueM QU3HKO-XHUMHYIECKUX
CBOJCTB OpraHMYECKHMX COEIHHEHHH, a TakXkKe TINATEIbHBIM OTOOpOM
SKCIEPHMEHTANBHBIX JaHHBIX; CNENHaIbHBIE pa3fensl OTBEAEHbI OHO-
OPTaHWYECKOH XUMMH WU OHOXHMHMHM M DPa3NMYHBIM BHJIAM COBPEMEH-
Hoit cnekrpockonuu (Y®- u UK-cnekrpam, cnekrpockonvu AMP u
Macc-CIeKTpoMeTpun ). K coxkaneHuro, HH OJHH U3 3THX yY4eOHUKOB He
nepeBeNieH Ha PyCCKHit S3bIK.

W3 BBIIIEIIHX HA PYCCKOM SI3bIKE HaM XOTENOCH OBl PEKOMEHI0BATh
clenyIoume:

A. Tepneu. CoBpemeHHas opranudeckas xumus. T. 1, 2. —M.: Mup,
1981.

Hxc. Pobepme, M. Kacepuo. OCHOBBI OpraHHYECKOH XHMUH.
T. 1, 2. —M.: Mup, 1968.

HauGonee octpyro mpobieMy mpencTaBiaieT co0oil co3maHHE CO-
BpEeMEHHOTO y4eOHMKa HiH yueOHOro mocobusi, MperHa3HAauYCHHOTO
IUT CTYIEHTOB CTapIIMX KYpCOB, AcIIIPaHTOB M HAYHHAKIIHX ca-
MOCTOSTENBHY HAayYHO-UCCIENOBATENHCKYIO JESTEIEHOCTE MOJIOBIX
y4eHBIX. B MUpOBOit HaydHO-y4ebHO TuTEpaType, O HallleMy MHEHHIO,
HMEIOTCS BCETO JIBa YUEOHBIX TOCOOHS 3TOTO YPOBHS:

@. Kepu, P. Canobepe. YrnyOneHHBIA Kype OPraHWYECKON XHMHH.
T. 1, 2. —M.: Xumus, 1981 (HoBoe, TpeThe U3naHHe He OBUIO IEepeBee-
HO: F A. Carey, R.J. Sandberg. Advanced organic chemistry. Part «A»
and «B». Plenum Press. N. Y; L., 1990).

Jlic. Mapu. Opranuueckas xumus. T. 1-4. — M.: Mup. 1987-19881.

O1H yaeOHBIe TOCOOH I YIITyONeHHOIO H3YJEHHS OPraHHIeCKOH
XUMHH MOT'YT GBITh ITOJIE3HBI ACHIUPAHTAM U MOJIOEBIM HAYYHBIM COTPYA-
HHKaM, HO B IIEPBYK OUYepe/ib OHU NpeIHa3HaueHbI JUIA NIperofaBaTerei
C [ensl0 OOHOBIEHHSA, peopraHH3alMM W yrmyOmeHns coOCTBEHHBIX
3HaHUH.

IIpeuraraeMp1if BHUMaHHIO GHTATENs yIeOHUK HAaMCaH IS CTYIeH-
TOB; B OCOOCHHOCTH OH Oy/leT [0JIe3€H CTapIlleKypCHUKAM, aCTUPaHTaM
U MOJIIOJ{BIM HayYHBIM COTPYRHUKAM, H30PaBIIUM OPTraHHYECKYHO XHMUIO
CBOEH CIEIHaIbHOCTBIO. Be3yclIOBHO IO HEMY CMOTYT YYHTBCS H
CTYZAEHTHI ITEPBOT0 Iofla 00yYeHH A IO OpraHHYeCcKON XHUMUH.

! ToroBuTeA X H3aHKIO MEpeBOR 5-T0 (TOCTENHEro) H3aaHHs 5Toi kauru: CMuT M., Mapy JIx.
Opranundeckast XuMusa Mapua: Ilep. ¢ aurn. B 4-x Tomax. —M.: BUHOM. Jla6oparopus 3HaHuH,
2005.

10



Mpr1 cTapamuch MPUIOEP’KUBATHCSE KIIACCHYECKOTO THIIa OPTraHU3alUK
MaTepHaja: B COOTBETCTBHH C KJIAaCCaMH OPraHUYECKHX COCHMHEHHH.
OpHako, yuuTBIBas CIIEU(UKY ACTIMPAHTCKOM IMOATOTOBKH, MBI BKITIO-
YUJIM B KHUTY pAJ IVIaB, HOCBSAUICHHBIX PA3MTHUYHBIM HpobireMaM GQU3U-
YeCKO OpraHnyeckoil xumuH. MHTepripeTalius JaHHBIX MO peaKIHOH-
HOH criocoOHOCTH U MEXaHN3MaM peaklivil OpraHHYeCKUX COEMHEHMI
IPOBOIUTCS 31€Ch Ha OCHOBE ABYX NPHHUHIIMAIBHO Pa3HbIX TEOPHH:
TEOPHH INEKTPOHHBIX CMEIIeHHH, Y4TO TPaJuMIHUOHHO AJA BCex ydeOd-
HUKOB, H TEOPHH MOJEKYISPHBIX OpOHTAJIEH, KOTOpas UIHOPHPYETCH
B TIOJABJISIOMIEM OOJBIIHHCTBE YUSOHHKOB ¥ Y4eOHBIX HOCOOMH. ITO
COCTaBNsIeT [IABHOE TEOPETHUECKOE OTIMYME JAHHOM KHHUTH OT BCEX
JIpYTUX H3aHUH ydaeOHOro Xapakrepa.

Jpyroe BaxxHoe oTnyue Hamero ydeOHHKa 3aKII0Y3ETCA B TOM, 9TO
MBI BKJTIOYHIIM HECKOJIBKO IUIaB, IOCBSIMICHHBIX METAII00PraHHYECKHM
COCNIMHEHUSIM MEPEeXONHBIX METAZIOB M HUX POIH B COBPEMEHHOM
KaTajau3e, TEOPETHIECKUM U CHHTETHUECKUM acnexkTaMm 6oanmioi rpyr-
TIBI TaK Ha3bIBAEMBIX MEPULMKIHYESCKUX Peakiuii, KpyITHOTOHHAXXHOMY
TIPOMBIIITIEHHOMY OPTaHHYECKOMY CHHTE3Y H, YTO O4YeHb BaXXHO, CTpa-
TETHH COBPEMEHHOTO OpraHHYecKOro CHHTe3a. B crienuanbHBIX DiiaBax
noapoOHO ¥ yroyOneHHO paccMaTpHuBalOTCA Haubollee KapauHalbHEIE
pobiieMbl PH3UYECKOM OPTaHUTECKOH XUMUH: HYKJIEOQHIBHOE B JIEK-
TpOHUIBHOE 3aMEIIeHHe Y HACBHIIEHHOrO aroMa yriepoja W B apo-
MaTHYECKOM PAY, PEaKLHH MUMHUHHPOBAHMS, a TAKXKe LEIBIH CIIEKTp
TOMOMUTHUYECKUX PEaKLIH.

Y4eOHUK BBIXOMT B CBET B YeThIpeXx 4acTax. B dacte 1 Bomum ria-
Bel 1-7. I'maBet 1 M 2 LETHKOM HOCBSILIEHBI TEOPETHUECKHM IIPO-
OrneMaM opraHuyeckod xuMHH. B HUX TonpoOHO paccMmarpuBaercs
TEOPHUS aTOMHBIX H MOJIEKYJSIPHBIX OpOHTaneill MpPOCTHIX M CIIOXHBIX
MOJIEKYII, COAEepPKaIlliX KakK 7-, TaK U o-CBiI3H. B miaBe 2 u3nararorcs
OCHOBHBIE NPHHIHIIBI TEOPHH 3NEKTPOHHBIX CMEIEHUH, OCHOBAHHOH
Ha WHAYKTHBHOM M Me30MepHOM 3(QexTax pasTHIHBIX TPYIITUPOBOK.
B rmase 3 paccMaTpHBAlOTCS KHUCIOTHO-OCHOBHBIE CBONCTBA OpraHH-
YECKMX COeJMHEHHH B pacTBope U B rasosoit ¢raze. [logpobHo ana-
musupyrres C—H-, N—H- u O—H-xucnoTHOCTs U €€ 3aBUCHMOCTH
OT CTPYKTYPHBIX (aKTOpOB H NIpHPOAB! pacTBopuTens. B rmaBax 4-7
paccMaTpHBAalOTCs CBOMCTBA alKaHOB, aJKEHOB, alIKUHOB U JIHEHOB yI-
JIEBOIOPOIOB anmudarudeckoro psga. B mase 4 06CyXaaloTcs He TOIBKO
pajuKanbHBIE, HO H HOHHBIE peakIMy aiKaHoB. B rmaBax 5, 6 u 7 ocuos-
HOE BHHMaHHE CKOHIIEHTPHPOBAHO HA PEAKIHAX 3IEKTPOGHILHOTO U
FOMOJUTHYECKOI'0 NPUCOCTUHEHUS K KPaTHBIM CBS3SIM, [IPUCOETHHEHHUS
KapOeHoB, a TAKKEC Ha PEaKIUAX OKUCICHHA M THAPOOGOPHUPOBAHHS;
[IOJIMMEepH3aliis HEeHACBHIIIEHHBIX COCNUHEHHH W MUrpauus KpaTHOH
CBA3M IO YIJIEPOJ-YDIEPOJHOH [end NpecTaBieHa B cxaroit dpopme.
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B gacTe 2 Bonutd miassl 8-15, [1aBa 8 nenuKoM MOCBAIEHA CTEPEO-
XVUMWH OPraHH4deCKHX COCIAWHEHMI, Pa3NuYHbIM THIIAaM XHPalbHOCTHU
COCIMHEHUI ymIepola M METOAAaM pa3leJICHUs ONTHYECKH AaKTUBHBIX
COENMHEHHIT Ha DHAHTHOMEDEL. 3MeCh K€ MOAPOOHO paccMOTpeHa ak-
TyalbHas npofiieMa OpraHuYecKol XUMHH — ACUMMETPHIECKHH CHHTE3
CIIOXHBIX MOJIEKYJI CO CTPOIO ONPEICICHHBIM MOJIOKEHHEM 3aMECTU-
TeneH U (QYHKUMOHAJBHBIX TPYIIN Yy XUpAILHOIO aroMma yriepoaa. B
rnaBe 9 coOpaHbl JaHHbBIE IO OHOM M3 LIeHTPaIbHbIX HpobieM dhu3znde-
CKOI1 OpraHUYEeCcKOi XMMHUH — MEXaHU3MaM 3aMelIeHuUs y HACHIIICHHOTO
aToMa yniepoaa; moJpoOHO U BCECTOPOHHE OOCYXIAroTcd MOHO- U
OHMOJIEKYIAPHBIH MeXaHH3M 3aMellleHHs, IOHIATHE HYKIeO(pHIbHOCTH U
POJIh Pa3IMYHOTO TUIIA MOHHBIX I1ap B PEaKLUAX coabBonu3a. B rmase 10
paccMaTpPHUBAIOTCS MEXAaHU3Mbl PEaKUUH SNHMHUHMPOBAHMSA, BKIKOUas
BXHEHIINE BOIPOCHl — HAIPABICHHE U CTEPEOXUMHUS IUMHUHUPOBA-
HUs, IpHYeM 0c000 00CYXKIAIOTCs KOHGUIryparuy oOpa3syomerocs an-
KEHa, a TAKXKE KOHKYPEHIIHS [IPOLECCOB 3aMEHICHHS U AIMMHHUPOBAHUS.
I'mapa 11 mocesimieHa pa3HooOpa3sHEIM peakUUAM CIIHPTOB, OKCUPAHOB,
IIPOCTHIX 3QUPOB M UX CEPHUCTHIX aHAJIOTOB.

biok rmaB 12-15 oTBeieH COBPEMEHHBIM KOHLEIIHAM apOMaTHYHO-
CTH ¥ PEAKIMOHHOHK CITOCOOHOCTH apOMaTHYECKUX COENMHEHUH. B mase
12 paccmarpHBalOTCs TEOPETUUECKUE OCHOBBI KOHL[EITIIHH apOMaTHIHO-
CTH [I1 Pa3HOOOpa3HBEIX MOHO- U HMOJHUUKIUYECKMX apOMAaTHUECKUX
YIJIEBOAOPOAOB, KATHOHOB M aHHOHOB U UX reTepoaHanoros. B rmase 13
BHHMaHHE [ETHKOM COCPENOTOUEHO Ha pa3Ho0oOpa3HOi U XOpOIIo H3y-
YeHHOU TPYINIe peakiuid eKTpoUIBPHOTO apOMaTHUYECKOro 3aMelne-
Hus. ['aBa 14 nocesanieHa poACTBEHHBIM MpoOIecCaM FOMOJIUTHYECKOTO
3aMeinlleHus U B 00jIee IIHPOKOM CMBICIIE XUMHY CBOOONHBIX PaTHKAIOB.
B maBe 15 aHaIH3UPYIOTCA MEXaHH3MBl peaklMid HyKIeo(HILHOIO
apOMaTHYECKOTO 3aMelleHUs (10 HEMOHATHBIM IPUUMHAM 3Ta TeMa He
BKJIKQYAETCH B IPYTHE COBPEMEHHBbIE YUeOHUKH, U HAMHU, HO-BHIUMOMY,
BIIEpBEIE B y4eOHOH JUTEpaType NMpeANpHHATA [TOMBITKA pacCMOTPETh
3TOT BaXKHBIH pa3fen GU3H4IecKoid OpraHHYeCcKOH XUMUH).

B gacts 3 Bouuid miasel 16-22. I'masel 16-18 mocesmieHsl XUMHH
KapOOHHIIBLHBIX COeMHEHUN (XHMUU alIbIerHI0B M KETOHOB — [VIaBbl 16
1 17). BoasIMHCTBO peakiiil 3THX cCoeAUHEeHHH coOpaHo B rase 16, a
XUMUS CHONAT-HOHOB, CAMHX €HOJIOB H pa3HooOpa3Hble KOHJIEHCALUH ¢
HX Y4JacTHeM paccMoTpedbl B miase 17. I'maBa 18 mocssmieHa pa3Hoo6-
Pa3HBIM peaknusM KapOOHOBBIX KHCIOT M HX NPOH3BOAHEIX. B rmasax
19 u 20 cobOpaHbl Bce HEOOXOMMUMEBIE CBEJEHHS IO a30TCOACPKaIUM
OpPraHUYECKUM COCAUHEHVSIM: aMHHAM, HHUTPO-, IMA30COCAUHEHUAM U
asupam, a B mase 21 —cBenenus no ¢enonaM. B rmiase 22 npuseneH
MaTepuall 10 XUMHH ITUKITOAIKAHOR U HX NPOHU3BOAHEIX; 0c000€ BHU-
MaH{E YZeJeHO KOH(GOpMAalHsM LHUKIOB U CBI3H KOH(POPMAIMOHHOTO
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COCTOSIHHS C PEaKIMOHHOH CIOCOOHOCTBIO, a TaloKe aHOMEpPHOMY 3(h-
dexTy ¥ TPaHCAHHYJIAPHBIM PEaKLHsIM B CPEIHUX LIHKIAX.

B uacts 4 somiu maeb 23-29. TecHo cBsizaHHBIE MEXAYy COOOH
rmaBel 23 # 24 NOCBAIIEHBl XMMHH METa/UIOOPTaHHYEeCKHX COeIU-
HEHHil HermepeXOoqHBIX METAJUIOB H NOAPODHOMY aHaluu3y MeXaHH3Ma
ANeKTPOQHIBHOrO 3aMelleHHs] Y HAchIlEHHOTO aroMa yriepoxa (3Ta
nmpobneMa OTCYTCTBYET B COBPEMEHHBIX Kypcax OpraHU4eCKOH XUMHH
mo6oro ypoBHsa 00yJYEHMs], HECMOTPs Ha TO YTO 1O pafoTaM ToCIeAHHX
30 mer XX B. co37aHa CTpOiHAA TEOPHS HEKTPODUILHOTO 3aMEIIeHUs
Yy HACBIIEHHOTO aTtoma yriepona). O6mupHas miapa 25 nocBsIlEHa
noApoOHOMY OIHCAHHIO TIEPUITMKITHIECKHX PeaKilui, MOAIHHAIOMHXCS
KOHUENIIMH COXpaHeHHs opOUTansHOH CHMMeTpHH. B rmase 26 pac-
CMOTpPEH ¢ OOIIUX MO3UIHUH MeXaHH3M pa3HOODpa3HBIX CHIMaTPOITHBIX
[ePerpyInupoOBoK, pa3dpOCaHHbIX IO MHOTHM paHHHM TaBaM. Ocoboe
MOJIOXeHHe 3aHuMaeT 27 IVlaBa, MOCBSINEHHAs CTPOEHHIO, CHHTE3Y M
PEeaKiMOHHON CIIOCOOHOCTH METalllIOOpTaHHYECKHX COCJUHEHHH Ie-
PEXOAHBIX METAMIOB. BaxHO, 4TO 37eCch OOCYXKIaeTcs HHTEPECHBIH
Marepua [0 roMOreHHOMY METAITIOKOMIUIEKCHOMY KaTallH3y, PEaKIHIM
THAPHPOBAHUS, METAaTE3UCY AJKEHOB U KPOCC-COUETaHHMIO Ha KOMIIJIEK-
CaxX HEePeXOAHBIX METAJITIOB.

JlBe 3aKITIOYMTE/IHHBIE [IABHI KHHUTH, Kak OBl CTOSAT OCOOHAKOM H
HE CBS3aHBl C INPEIBIAYNIMMM IIaBaMH. TeM He MeHee Mbl COYIH
uenecoobpasHbIM BITIOYATE MX B HAmly KHUIY, TOCKOIBKY 3I€Ch CO-
JIEPXHUTCS O4YeHb BaXKHas HHQOpManysa (B O3HAKOMHUTENHBHOM IUIaHE)
MO IPOMBIIUIEHHOMY OpPraHHYeCKOMY CHHTE3y, 4 TaKX€ 10 TaKTHKe
d CTpaTerHd OpraHH4YECKOro cHHre3a. I7aBa 28 mocmsgilieHa KpYMHO-
TOHHa)XHOMY IPOM3BOJICTBY HauOoJlee IIEHHBIX B NPAaKTUIECKOM OTHO-
INEHUH OPraHHYeCKUX COCNWHEHWI: STUIIEHA, MPOIMIeHa, OyTaIueHa,
OeH3oma, TOMyoJda, (peHoNa, aHWIMHA U T. A., @ TAKKE IPOH3BOACTBY
Ha UX OCHOBE Pa3HOOOpPAa3HBIX [TOJIMMEPOB, CHHTETHYECKUX BOJIOKOH,
mIacTU(UKATOPOB M IPYTHX IIEHHBIX MaTepHaIoB. B 3akmoquTensHOH
29 rmape, HamMCaHHOM O HAeMy MPEVIOKEHHIO HAlIUM KOJUIEroH
B. II. lanuyenko, u3naraeTcsi COBpEMEHHAA KOHIENIHS TAKTUKHU U CTpa-
TETMH CHHTE32 CJIOXHBIX MOJIeKy]l Ha OCHOBE METOJa paculeHeHHS,
BE1I60pa HEOOXOAMMBIX TPAHC(HOPMOB, PETPOHOB M CHHTOHOB 1 C1IoCO00B
CBSI3BIBAHUS CUHTOHOB JIPYI' C APYTOM.

M1 xoTuM nIpenynpeauTh YATATENd, 4T0 HEKOTOPBIe TEMBI IO TEM
WIM WUHBIM I[IPHYMHAM He BOULIM B JAaHHBIH yueOHUK. DTO mnpexie
BCEro OTHOCHTCS K NPUMEHEHHH) CIEKTPOCKOTIMYECKMX METOJ0B B
opranudeckoit xumuu. CrieluanpHbie pa3fiensl Wik niassl 1o YO, UK-,
SAMP-CneKTpOCKOIIMH U MacC-CIEKTPOMETPUN HMECIOTCS IPAaKTHUECKH B
KOKIOM ydeOHUKE epBOTo rofa 00yJeHus, 1 Mbl COUITH BOSMOXXHEBIM He
BKJIIOYATh UX B Haml y4yeOHuK. bonee rrybokne 3HAHMS 0 CIIEKTPOCKO-
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MM MOXHO NMpHOOpecTH He 13 yueOHHMKA 110 o0IeMy Kypey opraHuye-
CKOt XHMMH, a U3 MOHOrpaduil miM y4eGHBIX IT0CobHit’, MOCBAMEHHBIX
TOMY WM HHOMY BUAY CIIEKTPOCKONuH. Ta e KOHIenIus ObLia IPHHATA
HaMH OTHOCHTEIHHO OHOOPraHM4eCKOH XMMHM YIIEBOLOB, JIMITHIOB,
[IENTHIOB, OEJIKOB M HYKIEHHEOBBIX KHCIIOT, MOJPOOHBIE CBENEHHS O
KOTOPBIX MOXXHO HAalTH B yueOHHKAX IT0 GHOOPTraHUYCCKOH XHMHH. MBI
HaMEPEeHHO OTKa3aJUCh OT OOCYKIEHUS TeTEPOLHKINYECKIX COEIHEe-
HU, 4TO morpedoBato Obl HATTHCAHHS elle OJAHOTO ToMa. XUMHS re-
TEPOLMKINYCCKUX COCIUHEHUH IPeBOCXOIHO M3IOXKEHA B MOHOTpadun
Hox. hxoyns u I CMmuta «XUMHs TETEPOIUKIUYECKUX COCHHHEHHII
(Ilep. ¢ anrm., 2-e u3n. — M.: Mup, 2004).

ABTOpHEI ¢ ONarofapHOCTBIO IPHMYT KPUTHYECKHE 3aMedaHHs 110
moboif u3 npobnem, 3aTPOHYTHIX B yyeOHuKEe. MBI CUMTaeM CBOMM
HOPUATHBIM JOJIIOM BEIPA3UTh [IPH3HATEIBHOCTh COTPYIHHKAM Kadeapbl
OpraHMYeCKOR XMMHH XHMH4eckoro ¢axynsrera MI'Y 3a Gonemyro
MOMOIIb NPH NOATOTOBKE KHUTH K IT1€YaTH.

KO BTOPOMY H3JJAHHIO NIEPBOI'O TOMA

BTopoe usnanue 3Toi KHUTH BBIXOAUT B CBET, KOLZA, K COXKAJIEHUIO,
YHUIM M3 KU3HH [BO€ U3 aBTOpOB, akajgeMHK Oner AneKcaHAPOBHY
PeytoB u npodeccop Anekcaunmp Jleonumosnu Kypu. Ilamsts 0 Hux
OCTaeTcsl ¥ MBI pemuiau OOOHWTHCh Oe3 TpaypHBIX paMok. Kommern
HUKOIZla He 3abyayT TO BpeMs, KOrja B TEUCHHE LIECTH ¢ HOJOBHHON
JAeT 3TOT TBOPYECKHH KOJUIEKTHB C OIPOMHBIM YBI€4YeHHeM palorai
HaJ KHUroM, MHOrma no 12-16 4acoB B CYTKH, NpHUYEM [IEPHOABI
BIOXHOBEHMS M 3HTY3Ha3Mma BCerha BO3BpalaJIMCh IIOCIE YITaOKa CHII
M3-32 OOJIBIINX MEPErpy30K.

CxoHUascs TaloKe MEepPBBHIH peleH3eHT 3TOro y4eOHHKa mpodeccop
THMHpPA3EBCKOH CENBCKOXO3AMCTBEHHON akanemuu Bukrop Jleonuno-
BHY Jlpo3n.

OTH y4eHbIC BHECIU 3aMETHBIN BKIIAJ B Pa3BUTHE OPraHUUIECKOH XU-
mun B Poccun u B 00ydeHue CTYIEHTOB 3TOM TPYAHOH, HHTEpeCcHeH e
HAayKe.

K. Il. Bymun
M. E. Heanosa
T. O. Peymosa

Mocksa, 9 Hoabpsa 2004 2.

! Cm., nanpumep, Jlebenen A. T. Macc-cieKTpoMeTpHs B Oprarmuaeckor xumuu. — M.: BUHOM.
JlaGoparopus 3uanuii, 2003. — 493 c.: un.
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Mosexynbl OpraHHYeCKMX COEAHHEHHH 0O0pa3yloTcs H3 aTOMOB,
PacCIOJIOKEHHBIX B TPEXMEPHOM IPOCTPAaHCTBE. Pa3Hble aToMBl oOpa-
3yIOT pa3HOe YHCIIO cBA3eH. MojleKyibl MUMEIOT OIpEHeNeHHOe Ipo-
CTPaHCTBEHHOE CTPOCHHE, KOTOPOE HA3BIBAIOT 2eoMempuell MOLeKybl.
OcoOCHHOCTH CTPOEHMS KaXIOM KOHKPETHOH MOJIEKY/IBl, IPOYHOCTH
CBSA3EH MeXIy COCTABIAIOIINMH €€ aroMaMu OOBACHAIOTCA TeOpHEH
BaneHTHOCTH. OCHOBOH COBPEMEHHOH TEOPUH BAJICHTHOCTH SBIISETCSH
KBaHTOBAs TECOPHA, KOTOpPas B HACTOSIIICE BPEMS HACTOJILKO Pa3BUTA, UTO
¢ noMouso OBM MOXHO NIpaBHIBHO H JOCTATOYHO TOYHO NpecKa3aTh
CTpoeHue HEOONBIINX HECIOXHBIX MOJEKYI. K ONUCaHHIO MOJIEKYNI ¢
IIO3UIIMI KBAaHTOBOH TEOPHH CYIIECTBYET HECKOJIHLKO MOAX00B, OJHAKO
HauboIee IIHPOKO TNIPUMEHSCICS Meopus MOAEKYIAPHbIX opOumanet
(cokpamenno MO), NocKonbKy HMEHHO oHa Haubolee >¢dexTuBHa
JUIsl IOHUMAHUSI CTPOCHUS M PEAKIIMOHHOH CrIOCOOHOCTH OPraHHYECKHX
Monekyl. B aroit miaBe MBI pacCMOTPUM CTPOECHHE MOJIEKYA B paMKax
teopurn MO, a B OCTaJdbHBEIX INaBaX NPUMEHHM DTY TEOPHIO K IIpo-
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OeMaM peakLUUOHHOM CII0COOHOCTH, CTEPEOXUMHUH M CENeKTHMBHOCTU
B Pa3HOOOpA3HBIX OPraHUYECKHX peakuusx. MLl yBHIUM, 4TO TECOPHIO
MOJIEKYJIIPHBIX OpOHTajeil BO MHOTHX CIydasX MOXHO YCIEIIHO IpH-
MEHSTB, IOJIL3YSICh JIMILb JIETKO BOCIIPHHUMAEMBIMU «KapTHHKAMH, 3C-
ku3aMu MO, MouTH He HCONb3ys MaTeMaTHUSCKUH annapaTr KBaHTOBOH
TEOPHH.

Onucanye cTPOEHHs MOJEKYJ, €CTECTBEHHO, HAYHHAETCH CO CTPO-
eHust atoMoB. Korma-to nossTtHe aroMa OBIJIO HCKIIOYHTENIBHO XH-
Muueckol kateropueil. Ho B XX B. (PU3HMKH «OTHSUIU» Y XHUMHKOB
aToM, OOHOBHIM €0 KBAaHTOBBIM COJIEpKaHHEM, OOBSCHHIIM aTOMHBIE
CIIEKTPBI, U30TOIHIO, PAJAHOAKTUBHOCTE U JPYTUE 3KCIEPUMEHTAIbHbIC
HaOmoneHust. B Havane 3TOH MIaBBl MBI KPaTKO PaccMOTpUM (u3ude-
CKHE OCHOBBI TEOPDHH aTOMa, a 3aTeM IepeiaeM K TeopuHd 00pa3oBaHUs
XHMHYECKOH CBA3H M MOJIEKYIISIPHBIM OPOHUTAIAM IPOCTEHINIX MOIEKYIL.

1.1. YPABHEHUE HIPEJVUHT EPA

Anpo 3aHUMaeT UL HE3HAYUTENBHYI0 HacTh ofumero obnema
aToMa, XOTs1 KOHICHTPHPYET MOYTH BCIO Maccy aroma. Bokpyr sipa
TPYNIHAPYIOTCA MEKTpoHbl. OHM BHOCST OYeHb HEOONBIIOH BKIax B
oburyr Maccy aToma, HO 3aTO 3aHHMAIOT OONBIIOH 00heM U 00yCIOB-
JMBAKOT pa3Mepbl aroma. [aBHas KOHIEMIUS COBPEMEHHOH TCOPHH
MHKPOMHPA COCTOMT B TOM, YTO B aTOMHOH IIKAaJIE YaCTHUILI U BOJIHBI
HE3aMeTHO INepEeXOMsiT IPYr B Apyra, T.€. 4acTHI(hl MMEIOT CBOWCTBA
BOJIH, @ BOJHBI — CBOWcTBa wacTull. HecMOTps Ha TO 4TO BOJHOBAs
npupona $HoToHOB (T. €. cBera) ObLIA YCTaHOBIEHA JABHO, IIOYTH HHKTO
no 1925 r. He NpHUHMMAN BCEpbEe3 TOYKY 3PEHUS, COINIACHO KOTOPOH
BEIIECTBO (HAIpUMep, NIEKTPOHBI, aTOMBI) IIOOOHO BONHE, a HE KOp-
nyckynspHo. Ho B 1925 1. Jlesuccon u JxepMep OTKPBUIH AUPPAKIUIO
(1. €. BOJTHOBBIE CBOHCTBA) DIIEKTPOHOB Ha KPUCTAILIIHYECKOH peIIeTKe.
OmnsIT o audpaxkiuy, I030Hee MPOBEACHHBIA ¢ IPYTHMH YacTHLAMH,
BKJIIOYAs] MOJICKYILSIPHEBIH BOZOPO, YETKO MOKA3AII, YTO YaCTHIIBI UMEIOT
BOJIHOBBIE cBolicTBa. B 1924 1. JI. ne bpoiins npeanoaoxui, 4To Jodas
YacTHUIla, ABMXKYIIASNCSI ¢ MOMCHTOM KOJHYECTBa IBHXEHHUA p, JOIKHA
MMETh B HEKOTOPOM CMBICIIE JUIMHY BOJIHBI, BHIpajkaeMylo Kak A = i/p,
rne h—nocrosHHas [lmanka. B 1926 . O. Ulpenunrep mpenaoxun
YpaBHEHHE, KOTOPOE MNPUMEHUMO Ui JI000H cHCTeMbl (3IeKTpPOHA,
JBUKYILIETOCS aBTOMOOHIS U T. 4.) M PEOICHHEM KOTOPOIO ABISACTCA
BOITHOBas (DYHKITUS HTOH CHCTEMEL.

MoskHo ckazath, yTo posib ypaBHeHus lllpenpunrepa B KBaHTOBOH
TEOPHH TaKasl e, KaK Pollb ypaBHeHHH HBI0TOHA B KiTaccuueckoit Mexa-
HUKE: HX YaCTO HA3BIBAIOT «BJOXHOBEHHBIMH [TOCTYIaTaMuy». YpaBHEHHUs
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HeloTOHA MO3BOASIOT PAcCYMTATH TPAGKTOPHIO YACTHIIBI, 4 YPABHEHHE
Hipenusrepa — MX BOJIHOBYHO (DYHKITHIO.

Wurepnperauus BOMHOBOH GYyHKUMM OyneT JaHa B CIEAYIOLIEM
pasjene, a HOKa OCTAHOBUMCS HA BOMIPOCE, IOUEMY PeuleHe YPAGHEHs]
{llpeduncepa nazvigaemces MMEHHO OAHOBOU, & HE Kakou-mubo HMHOH
¢dyuxuueit. /s atoro Hanumesm ypasuenue lpeaunrepa 11 pocreit-
[Iero cnydas 4acTHULbl, KOTOpas MOXeET CBOOOAHO ABUTAaThCS B OJHOM
nsmepeHnu. OHO UMeeT BUI

(—h2/2m)(d*/dx*)+ VU =ET,

rae 1 — BONHOBAas (PyHKUMs; V' — IOTEHIHaNnbHas 3HEPrus JacTHLbI B
ToUKe x; F — ee 1onHas 3Heprus (KHHETHHYECKas IUII0C OTSHUHANbHAS);
h («anm» nepeuepkHyTas»)— nocrosunHas [lnauka, neneHuas Ha 27; m —
Macca gacTuiel. llpeanonoxumM, 9ro B KakoH-TO 00IacTH nepemelne-
HHUs TIOTeHIHATbHAs 3HEPrds YacTHIBl paBHa Hymo. Torna B JieBO#
yacTH ypaBHeHHs llpenuHrepa mpomaaeT BTOPOMl WIEH H IOJNYYHTCS
YIpOIIEHHOE YpaBHEHHE, PELIEHHEM KOTOporo Oyaer . = exp(ikx),
me k = /2mE/k. Ho exp(ikx) = coshkx + isinkx, ciemoBarensHo,
1y = coskx + isinkx. Ilockoneky V = 0, monuas sHeprus £ Oymer
HCKITIOUUTE/IBHO KHHETHYECKOH SHEPrHEH 4acTHIIBI, KOTOpas CBs3aHa C
MOMEHTOM KOJMYECTBA ABWKEHHS COOTHOLIEHHeM £ = p?/2m, oTkyaa
p = v2mE. Conocrasnenne 3ToH (OPMYJIBI C HAlMCAHHBIM BEHIIIE
BEIpKEHUEM NI Kk JaeT MOMEHT KOIMYECTBA NBHMIKEHHS YaCTHIIBI
p = kh. U3BectHO, uTO cTaHmaptHas ¢GopMa TapMOHHYECKOH BOJIHBI
uMeeT BUA cos(27x/ ), a B BRIpaKEHHE ISl BOTHOBON (DYHKI(MM BXOIAUT
cos(kx). CnenoBaressHO, coskx (WJIH Sinkx) MOXHO MpPEJACTaBHTH KaK
BOJIHY ¢ ulHOH A = 27 /k. KoMOMHUpPYs BBIpaXeHHs UL p U A,
MOIy4HMM COOTHomeHne ne bpoitna: p = kh = (2o /A)(h/2m) = h/A.
Taxum obpazoM, perrenne ypagHenus Llpenunrepa cBoaUTCS K BOJIHAM
e bpoiins, cymecrBoBaHHE KOTOPHIX 3KCIEPUMEHTANBHO JOKA3aHO B
ONBITAX IO IH(PAKIMK BENIECTBA, MO3TOMY OHO M OBLIO HA3BAHO
BOJIHOBROHM (YHKITHEH.

Jlerko BHUIETH, UTO €CIH ITOTEHUUATbHAsl JHEPTHs PaBHA HYJIO,
TO JUIMHA BOJIHBI 4acTUIbl paBHAa //p. Korma moTeHmManbHas 3HeEp-
U OTIMYHA OT HYIsA, HO MMEET ITOCTOSHHYIO BEIUYHHY, YpaBHEHUE
Ulpenuurepa npeppamaercs B (—h/2m)(d*y/dx*) = (E — V), a
pewenue cHoBa umeeT BHA exp(ikx), Ho npu sToM E = A2k /2m+ V.
Hcnons3oBanue cooTHomtenus k& = 2m/A naer A = h/\/2m(E—V).
M3 3TOro ypaBHEHHS ClENyeT, 4TO [Jif IOCTOSHHOW IMOIHOM 3HEepruu
¢ poctoM V BenmMuuHA £ — V' YMEHBIIAETCS U TO3TOMY JIJIMHA BOJIHBI
pacTer 0 TeX TOp, IOKa He JOCTHUTHET OSCKOHEeYHOIO 3HAYEHHS
npu £ = V. Ho (£ — V)—53T0 KHMHETHHYECKas DHEPrds YaCTHULIBL
CrieqioBateIbHO, ¢ MOHIKCHUEM KHHETHYECKOH DHEPIruH UIMHA BOJIHBI
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ne Bpoins pacrteT W AisS COCTOSIHHA INMOKOA IOCTHTaeT OeCKOHEYHOro
3HageHus. AHanu3 ypasuenus lHpenunrepa, npencrasnstoniero cooit
muddepeHnuansHoe ypaBHEHHE BTOPOTO IIOPSAKA, IIOKa3bIBaeT, YTO
OHO HMeeT OeCKOHEYHOEe YHC/IO PELISHWH, T. €. 3HeprHs YacTHIE! £
MOXET NpHHUMATh HroOble 3Hauenus. ONHAKO SHEPTHS KBAHTOBAaHA,
IMO3ITOMY HEKOTOpPBIE pEelIeHHs HEeoOXOIuUMO 00S3aTeNsHO HCKIFOIHTD.
s oTOro cHauama HYXXHO Npunars (U3UYECKH CMBICT BOJHOBOM

dyHKIHH Y.

1.2. ”HTEPIIPETAIMSA PU3UYECKOTI'O CMBICJIA
BOJIHOBOH ®YHKIINH

SIBHOrO (puU3MYEcKOro cMbIcha pemerusi (i) ypaBuenus HlpenuHrepa
He uMetoT. CMBICIT UMeeT KBampaT BOXHOBOW (yHkuuu 1°. WHTepnpe-
TalusA BOXHOBOHM ¢yHKImM @ O6buta nana M. BopHoM o anamoruwu c
BOJIHOBO# ONTHKOM, B KOTOPOH KBaJpaT aMIUTUTYABI IEKTPOMAarHUTHON
BOJIHBI PACCMATPHBAETCS KaK HHTEHCHUBHOCTH ATEKTPOMarHHTHOTO H31y-
geHUs. B KOpnycKynspHOi TeOpHH CBeTa HWHTEHCHBHOCTH — 3TO YHCIIO
HMEIOMMXCs (POTOHOB, T. €. HHTEHCUBHOE MOHOXPOMAaTHIECKOE H3Tyde-
HHE COOTBETCTBYET OONBIIOMY YHCIY (GOTOHOB (KaXKAbIH C dHEprHei
hv), a MATOHHTEHCUBHOE — HEOONIBIIOMY YHCIY TaKuX (OTOHOB.

AHANOTUs AN YaCTHI[ COCTOMT B TOM, YTO BOJHOBYIO (DYHKIHMIO
YaCTHLBI MO)XHO PACCMAaTpPUBATh KaK aMIUTHTYAY, KBaapaT KOTOPOH eCTh
BEpOATHOCTH OOHAPYXKHTH 3Ty YaCTHILY B KaXKI0H TOUKE IIPOCTPAHCTBA.
Hanpumep, 1 3IeKTpoHa ) dx —3TO BEIMYMHA, IIPOHOPLHUOHANLHAS
BEPOATHOCTH OOHAPY>KHUTH EKTPOH B DECKOHEYHO MAJIOM ITPOMEXKYTKE
MEeXAy X H x + dx; *(r)dT — BEepOATHOCTL OBHAPYXHTH DIEKTPOH B
OeckoHEYHO ManoM 00BeMeE IIPOCTPAHCTBA (7, PACHIOIOKEHHOM Ha pac-
CTOSIHVH r OT LIEHTPa KOOPAUHAT (KOTOPEIil 0OBIYHO TIOMEIAIOT B LIEHTPE
sypa). BeposTHOCTHas MHTEpIIpeTals BOIHOBOH (QYHKIMH O3HAYaer,
YTO HENIb3sl CKa3aTh B TOYHOCTH, rje HaXOAHTCA YacTHla, HallpHMep
3MEeKTPOH. MOXHO TOBOPHTH JIHIIL O BEPOSTHOCTH €€ HAXOXKJEHHUS B
pa3HYHEIX 00MacTAX MPOCTPAHCTBA.

Jlyyme Bcero 370 MPOMIIIIOCTPHPOBATH Ha KOHKPETHOM NPHUMEPE.
Bo3pMem aroM Bojopoia B HU3IIEM (OCHOBHOM) COCTOSHHH. Jlns
3TOTO Ciiydas perienue ypasuenus lllpenunarepa IpUBOIUT K BOTHOBOR
byHKUMH BUAA ¥ = (1/71'41(3;)1/2 exp(—r/agp), re ap = 0,53 A—paﬂnyc
Bopa, » — paccrosuue ot ueHTpa supa. C MOMOUIBI0 3TOr0 YpaBHEHHS
MOXHO PAaCCYMTaTh, YTO BEPOSATHOCTH (IPOMOPHMOHANBHAA 1)?) HalTh
9JIeKTPOH BHYTpH HeGoubmoi chepsr o6beMom 1 mM® (oxomo 1/100
obweMa aToMa) B Touke, orcTosieid Ha 0,5 A ot siapa, coctaBiser 15%
OT BEPOATHOCTH HAWTH 3JEKTPOH Y CaMOT0 SApa, & BEPOSTHOCTh HAUTHU
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e n2.107
SIEKTPOH Ha PACCTOSHUM 1| MM OT sapa crosib mana (107%107) yro ero
MOMHO TIOJIHOCTEIO IpeHedpeys. OHAKO KOHEYHAs BEPOSTHOCTH HAHTH
MEKTPOH Aaxe B | KM OT si7pa He paBHa HYAIO.

1.3. KBAHTOBAHHE

JIroboe croiicTBo 00BEKTa, T1000€E ABICHUE KBAHTOBAHO, BCE B MUpE
KBaHTOBAHO, BKIIIOYAs CAMO IPOCTPAHCTBO. B 3TOM 3aKITI09a€TCsl OCHOB-
HOI IPHUHIUI KBAHTOBOM MEXaHUKH. DHEPrus 00bEKTa HE MOXKET H3Me-
HUTBCSA HAa ITPOH3BONBHYIO BenmuuuHy. OOBLEKT MOXeT obiianaTh JIHMIIH
OTIPEACIICHHBIMY 3HAYEHHAMHU DHEPIUU, U HEIb3S CIEeNaTh TakK, YTOOBI
OH UMEJI KaKyIO-TO MPOMEXKYTOUHYIO SHEPTHI0. DTO, MEXKAY MPOUNM, U
SIBWJIOCH NPUYWHOM BBeeHUs ypaBHeHus LlIpenunarepa, kotopoe BMecTe
C M3JI0XKEHHOW BBILE HHTEPIIpeTaried BOJHOBOH (YHKUIHMHU YCIIEHIHO
o0bsicHsieT KBaHTOBaHHWE 3Heprud. B pasmene 1.1 yka3slBajioch, 4TO
JUIS COINIacHsi ¢ MPUHIIMIIOM KBAHTOBAHHUS HEKOTOPBIE U3 GECKOHEUHOro
yricna pewleHudl ypaBuewns lllpenuHrepa Hy>XKHO HCKIIOYHTB. DTO
MOXKHO CJIeNiaTh Ha OCHOBE BEPOSTHOCTHOW HHTEPIIPETAIlMH BOJHOBOM
fingiteii i

OrpanuyeHHe Ha BOJIHOBBIC (DYHKIIMH MOXHO HAJIOXKHTH C TOMOLIBIO
TIPOCTOTO 3AKIIIOUEHHs, COCTOALIEIO B TOM, YTO €CIM °dx WM YdT
€CTb BEPOSITHOCTH HANUTH YaCTHILy B 001aCTH dx Wi dT, TO CyMMa TaKHX
BEPOSITHOCTEH II0 BCEMY IIPOCTPAHCTBY JOJDKHA OBITH paBHA ENHHHMIIC.
3JT0 cieayer U3 TOro, YTO YACTHIA, €CJIM OHa CYIIECTBYET, OIpeneIcHHO
rIe-TO HaxOAWTCA, NYCTh OaXe OHA «pa3MbITay IO Bced BceneHHoi.
Taxum 00pazoM, BO3HUKAET Kpumepuii NoAHoU geposmuocmu (T0-HHOMY
erc HA3bIBAKOT «YCAOBUE HOPMUPOGKU»), KOTOPHIH HaJaraer »EeCTKHE
OTpaHWYEeHUs HA BONHOBBIC (QYHKLUH, HOO €My YHOBICTBOPSIOT HE
BCE pemeHus ypaBHeHHs lllpeamnrepa, a TONHKO BOJTHOBBIE (DYHKIIHH,
HOPMUPOBAHHBIC K €IHHHIE, KOTHA ffooo Y?dx = 1 118 ORHOMEPHOTO
IBMKEHUS MK ffooo wzdr = 1 s TPEXMEPHOIO JBMXKEHHS, INe X —
JJIHHA, a T — 00beM.

UToObl OACHUTE 3TO, OISITH 0OpaTUMCS K AaTOMY BOAOpoaa. B ocHOB-
HOM COCTOSHHH BOJHOBas (DYHKIIHS IPONOPHHOHANIBHA eXp(—#/ag) (cM.
IpeNbINY M pa3en), T. €. CIafaeT I10 3KCIOHCHIIHATEHOMY 3aKOHY IIpH
yaaneHuu ot siapa. OgHAKO HHTETPUPYS 10 BCEMY MPOCTPAHCTBY, MOXHO
BBEIYHCIHUTD, YTO YCIOBHIO HOPMUPOBKH, T. €. KPHTEPHIO MOJIHOH Bepo-
STHOCTH, YOOBJIETBOPSIOT He JFOObIe KOMPPUIIMEHTH! IPOIOPHHOHAIE-
HOCTH A B ypaBHeHH# ¥ = Aexp(—r/agp), @ TOIbKO ONUH (HA3bIBAEMBIH
HOPMUPOBOUHBIM MEOXKHUTENEM N), 4 =N = (1/7a3)'/?, xotopsiit u Gbur
HCIIONB30BAH B IPEABIAYIIEM pa3eie IPH pacueTax BEPOSTHOCTH HaMTH
TEKTPOH Ha Pa3HEIX PAacCTOSHHAX OT simpa. [Ipm mpyrux 3Hauenusix
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A KpuUTepHH TTONHOH BEPOSATHOCTH HE COOMIONAETCA M 3TH pEelIeHHs
ypaBHeHHuq lllpenunrepa Hempuemiemsl. Ecinu 3TH pemieHns HenpueM-
JeMBl, X OTOpachBalOT ¥ Torna B ypaBHeHuw lllpenuurepa monnas
3Heprust £ DJIEKTpOHA B aTOME BOJOPOIA HE MOXKET HMETH 3HAUCHHS,
COOTBETCTRYIOIIHE 3THM HENPHEMIIEMbIM pelleHHsM. Tak MBI IPUXOAHM
K KBaHTOBAHMUIO U TeMepb AOKHBI 3agBUTH, YTO BO3MOXHBI TOJIBKO
HEKOTODBIE 3HAYEHUS SHEPIUH 3IEKTPOHA B aTOME BOAOPO/Ia, MOCKOIBKY
IpyTHE 3HaYeHUs COOTBETCTBYIOT HEBEPHBIM CBOMCTBAM pacIpeesicHus
371IEKTPOHA B IPOCTPAHCTRE.

1.4. ATOMHBIE OPBUTAJIN
1.4.1. OPBUTAJIH ATOMA BOJAOPOJA

Kornma paccMaTpuBaroTCd BOJHOBBIE (YHKLIHH IS DJIEKTPOHOB B
OTIENbHBIX aToMax, 3TH (YHKIUH Ha3bIBAKOT AMOMHbIMU OpGUmMaiaimu
(coxpawenHo AQO). DxcnepuMeHTaibHBIE A0KA3aTeIbCTBA CYIECTBO-
BaHUsl ATOMHBIX OpOHTAaNEH MOXHO IOJYYUTHh M3 ATOMHBIX CIIEKTPOB.
Hanpumep, mpu saektpuueckoM paspsiie B razoo0pa3HoM Bogopone
MOJIeKynsl Hy aucconuupyroT Ha aTOMBI, 2 aTOMBI HCITYCKAlOT CBET
CTPOTO OTpPERETIEHHBIX YaCTOT, KOTOpHIE TPYIITHPYHTCS CEPUSMH: B
BUAMMOH obnactu (Tak HaszpiBaemasi cepus banbmepa), ynsrpaduo-
nmetooi (cepus Jlalimana), uHppakpacHoit (cepus lamena). Eme B
IOKBAaHTOBBIA MEpHO OBUIO 3aMEUYeHO, YTO BCE CEPHHU YAOBJIETBOPSIOT
npoctomy ypasuenmio 1/A = R(1/n? — 1/n3), B xoTOpoM A — aiuHa
BOJIHBI HCITYCKaeMOTO CBeTa, R —mocTtosHHas Punbepra, n; u ny —
yenvle nonodcumenshuie yucaa. Jlng cepuu Jlaitmana »n = 1, nis cepun
Banbmepa n; = 2, nna cepuu [lamena #; =3 (n; OTHOCUTCA K NEpBOH
JHHUH cepuH). JlJIa OpyTrHX JUHUH B KaXaod cepuu n; = np + 1 (mus
BTOpOH), n, = n; +2 (mas Ttpetheil), ny = n; +3 (ana geTBepTON)
U T. 1. Takum 0OpazoM, HATUIO ABHEIH NPH3HAK KBAHTOBAHUS YaCTOTHI
HCITyCKaeMOTI'0 CBETA.

ATOM BOIOpOIA TpeXMepeH, INo3ToMy ypasHenue lllpeaunrepa
JIOJDKHO BKJIFOYATh KMHETHIECKYIO SHEPTHIO BO BCEX TPEX U3MEPEHHUIX
Y OyIeT HMEeTh HECKONBKO OoJiee CIOXKHBIN BUI, UeM NPENCTaBIeHHOE B
pasgene 1.1 3T0if I1aBbl ypaBHEHUE A OHOMEPHOIO NBIOXEHHUA. 1IpH
€r0 pelIeHHH C HATOXKEHHEM IPAHUYHBIX YCIOBHH, KOTOPHIE BHITEKAIOT
M3 BEepOSITHOCTHOH WHTEPIIPETA[MH BOIHOBOH (QyHKI[HH, ObIIM 1I0Iyde-
HEI CIIEAYIONIHE BBHIBOJEL,

1. Heo6xoamumo NpUHSTH, 4TO CYNIECTBYIOT TpH Oe3pa3MepHbIX KBaH-
TOBBIX YHKCIA, KOTOpble 0003HAYAOT cUMBOIaMu n, [ u m. llogBneHue
KBAaHTOBOTO 4HCJIA # BEI3BAHO TEM, YTO J3JIEKTPOH MOXKET MEHSTH CBOE
paccTosiHue OT siapa. KBaHTOBbIC WHCNA / M 71 CBA3AHBI C YITIOBEIM MO-
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MEHTOM KOJIWYECTBA JABHKEHHUS BJIEKTPOHA, KOTOPBIM MOXET BpaIlaThes
BOKPYT AIpa B TPEeX HIMEPEHHAX. YUHCIo [ XapaxTepusyeT BEIHUYHHY
YIJIOBOTO MOMEHTA, a YHCIO M -— OPHUEHTALHI0 YIIIOBOTO MOMEHTa B
MIPOCTPAHCTBE, TAK KaK YIJIOBOM MOMEHT — BEKTOpHAas BenwuuHa. Jlo-
NYCTUMBIMA 3HAYEHHUSIMU KBAHTOBBIX YHUCEJ, KOTOPBHIE BBITEKAKOT M3
TPaHMYHBIX YCIOBHH, ABIAOTCA n=1,2,3..;

1=0,1,2...(n— 1);
m=11-1),(-2)...,—1.

2. DHeprus 3IeKTPOHa, BOODIIEe roBops, NOIKHA 3aBHCETh OT BCEX
TPeX KBAaHTOBBIX 4MCE], HJIH, IO KpailHel Mepe, OT ABYX, OAHAKO
YHHKQJIBHOM OCOOEHHOCTBHIO aToMa BOAOpoJAa (HO He APYTHX aTOMOB)
SIBIIAETCS TO, UTO JHEPIrus 3MEKTPOHA 3aBUCHT TOJBKO OT x. [lo atoit
IPHYMHE /1 HA3LIBACTCS 21asHbIM Keanmosvim wuciom. (Tak, psa n=3 [
MOJKET NpUHUMaTh 3Ha4deHns 0, 1 U 2, HO dHEPrus EKTPOHA OCTAETCH
MOCTOSHHOH.) PazpenieHHBIMU SHEPrHsMH OyOYT DHEPruM, MMEIOIIHE
Bun E, =R/n’.

CrekTp aTOMapHOTO BOAOPOAA TEMEpPh MOXKXHO OOBSCHUTH, NpEIo-
JIO3KHUB, YTO, KAK TOJBKO IEKTPOH IMEPEXOIUT U3 COCTOSIHUS C INIaBHBIM
KBAHTOBBIM YHCIOM #; M DHeprued R/n? B COCTOSHME C IJIABHBIM
KBAHTOBBIM 9HCIIOM 11 M SHEPTHEN R /n?, OH H3IlydaeT pasHOCTh SHEPIHit
B Bujae (QoroHa ¢ sHeprueit hv u uacroroil v. ComracHO 3akOHY
COXpaHEHHs IHEPTUH, AV = R/n? — R /3, 9TO B TOYHOCTH COOTBETCTBYET
SKCIICPUMEHTANBHBIM HaOMIOMEHUAM.

ATOMHEBIE OpOMTANM aroMa BOJOPOAA HUMEIOT OUeHb BaXKHOE 3Haye-
HHUE, TaK KaK OHH MOKAa3bIBAIOT, KaK paclpexelieH SIIeKTPOH (HIH JJIeK-
TPOHHas IUIOTHOCTH) B IpocTpaHcTBe. AMIumuTyna AO 1)(r) paziyHa B
Pa3sHBIX MECTax NMPOCTPAHCTBA, @ BEPOSTHOCTh HAXOXKACHUS BIEKTPOHA
B HEKOTOpOil OECKOHEYHO MaJIoi 06macTH d7 BOKDPYT TOUKH r COCTaB-
nset [¢(r)]*dr. TlpocTpaHCTBEHHOE paclpeieleHHe HIEKTPOHA MOXKHO
H306pa3UTh ITyTeM YKa3aHHS BEIHYHHBEL [¢(r)]? ¢ MOMOMIBIO pa3HOMH
IUIOTHOCTH INTPUXOBKM Ha JauarpaMme. Pacnpenenenue mioTHOCTH B
HekoTopbix AO BOZOpOIa npeacTansieHo Ha puc. 1.1,

Op6utans 0CHOBHOTO COCTOSHHS aTOMa BOJIOPO/Ia OYeHb IPOCTa: OHA
cepHuecKy CUMMETPHYHA U ee INIOTHOCTb 3KCIIOHEHIIMANIBHO CIIa[aeT
o Mepe ynaneHus ot siapa (c. 14). CinenosaTensHo, HanboIee BEPOSTHO
HaHTH 37IEKTPOH OKOJIO Apa, INIE 1P U, TAKUM 06pa3oM, ) MakcHMallb-
HBI. JTO COITIACYETCS C IPEACTABIEHHEM, YTO 3TEKTPOH AJIA JOCTHKEHUS
HaUMEHBIIEH ITOTeHUHAIBHOW 3HEPrHH HOKeH CTPEMHTHCS K SIpY.
OnHako opOuTalh HE COBCEM «IIPHKATA» K SAPY, 4 PACIPOCTPAHAETCS
M Ha oOJacTH, MOCTAaTOYHO YAAJICHHbIE OT Hero. Takasd cHTyauus
BO3HHUKAET BCIAEACTBHE TOro, 4T0 OOJIBILIOE 3HAYEHHE HMEET HE TONBKO
MOTEHUMaNbHasl, HO U KMHeTHYeCcKas 3Heprus iekrpona. [locienHon
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HeJib3sl IPE/ICTABUTE KaK KHHETHYECKYIO PHEPTHUIO ABIKEHUS 110 OpOuTe
BOKDYT siipa, KOTOpasi NPUBOAMT K IOSRICHHUIO UCHTPOOEKHONH CHUIIB,
YAEPXKHUBAIOWIEH AMEKTPOH BAAJIH OT sApa, MOCKOIBKY YITIOBOM MOMEHT
JJIEKTPOHA B OCHOBHOM COCTOSIHHM aTOMa BOJOPOIA pPaBEH HYJIO.
(IIpu n = 1 MoXeT OBITH TONBKO ONHO KBAHTOBOE YHCIIO BEIIMYHHBI
yIIoBOro MoMmeHrta: [ = 0, U, clIemoBaTelNbHO, BEIWYHHA YINIOBOTO
momenta [[(I+ 1)]'/2h pasua nym0.) Takum 06pa3oM, B KIaCCHYECKOM
[TOHUMaHHH 3IeKTPOH B OCHOBHOM COCTOSHHH aTOMa BOAOPOJA Kak Obl
He BpalllaeTcs BOKPYT SApPA, a MPOCTO Kayaercs BAOIE paauyca. C 3TuM u
CBA3aHA €r0 KUHEeTHUecKas sHeprus. C TOUKU 3pEHHUS KBAHTOBOH TEOPHH
KMHETHYECKasl BHEprud IEKTPOHA CBA3aHa C JJIHHOH BOJIHEI 3JIEKTPOHA,
pacmpocTpaHsIomencs B paidadsHOM HampapleHHd. Ecnu opOurans
«IIOMKHAMACTCS» K SApYy, [UIMHA BOJHLI B paiviaibHOM HanpaBIeHUH
HeH30eKHO YMEHBIIAeTCs U II03TOMY KHHEeTHYeCKas SHEPris BO3pacTa-
eT (pa3n. 1.1). PeansHas opOuTanp SBISETCSA PE3yIBTaTOM KOMIIPOMHCCA
MEXIY YMEPEHHO HHU3KOW NMOTEHIUANBHON DHEPrHeH U YMEPEHHO BbI-
COKOM KMHETHUYECKOH 3Hepruei. birke K siapy 31eKTpOHHAsA INIOTHOCTh
BBIIIIE, HO OHA UMEETCS U Ha YIAJCHHOM OT SAPAa PACCTOSHUH.

Bce opbuTanu ¢ HYIEBBIM YIJIOBEIM MOMEHTOM Ha3bIBAIOTCS S-
opburtamamu. s-Opburans Husmed sueprun (n = 1, [ = 0, m = 0)
Ha3dwBaeTcs ls-opburansio. Ecnu n =2 u / = 0, To 310 25-0pOUTamb.
Ee sHeprus Bmuue, gyem sHeprus ls-opburany, 0O ABYM NpHYMHAM.
Bo-nepsrix, oHa uMeeT panuaibHeIi y3en (puc. 1.2), npeacrasagoomuit
co0oit cheprueckyro IIOBEPXHOCTh, BHYTPH H CHAPYXH KOTOPOH BOJIHO-
Basg (YHKLUMsST HMEET PA3HbIE 3HAKW, H HAa CaMOH 3TOH NOBEPXHOCTH
JTEKTPOHHAs TJIOTHOCTH paBHa Hymio. IlosiBieHue y3710B Ha moboi
opOHUTaTM NOBHINIAET SHCPTHIO AJIEKTPOHA, 3aHHMAIOIIETO 3TY OpOUTATIB,
1 deM Ooiblie y3/l0B, TEM 3Heprus opOuTajiu BeILE. JTO CBI3aHO
¢ TeM, Y4TO C YBEJIMYEHHEM YHCIA Y3JI0B JJIWHA BOMHBI JJIEKTPOHA
CTAHOBUTCA KOpo4e T. €. O0JIblIee YHCTIO NOMYBOIH IPHXOAUTCS Ha O/IHY
H Ty e 0o0IacTh NPOCTPAHCTBA U 11I03TOMY €ro KMHEeTHYecKas SHeprus
BO3pacTaeT. Bo-BTOPHIX, MOBRIIIEHHE SHEPTHH 25-0pOUTAaIN 110 CpaBHe-
HHIO ¢ 1s-OpOWTANBIO CBSI3aHO C TEM, 4TO 2s-0pOHTanbh IIPOCTHpAETCs
Ha paccTosHHe, Oonee Aajiekoe OT sapa, U MO3TOMY NOTEHLMAJIbHAs
JHEPrus IEKTPOHA Ha Hei Bhile, YyeM Ha ls-opObuTanu. AHaJIOTHHHBIE
3aMEUaHHs MOXHO CHENATh H OTHOCUTEIBHO $ojIee BBICOKO JEsKalUX
s-opburaneii: 3s, 4s U T. 1.

Ecnmu n = 1, efMHCTBEHHBIM 3HAYECHWEM, pPa3peHICHHBIM Ui [,
SIBJISETCS HYNb, HO €CJIM # = 2, KBAHTOBOE YHCJIO OPOUTAIBHOIO YIIIOBOTO
MOMEHTa MOXeT NpuHHMaTh 3HaueHus 0 (2s-opburtans) wnn 1. Ecmu
/| = 1, atoMHBIe opOUTaNH HOCST HazBaHue p-opOuraneil. Ilpu n =2
u / =1 mpl umeeM 2p-opbutans. OnHa oTaudaercs or 2s-opOuranu
TEM, 4TO 3aHMMAIOIIHI €€ 3MEeKTPOH 00i1afaeT OpOUTAIBHBIM YITIOBBIM
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Puc. 1.1. PacnpeneneHue mioTHOCTH HEKOTOPLIX aTOMHBIX opOuTalieil atomMa BOAOpOaa
B IIPOCTPAHCTBE

MOMEHTOM BEIHYHHON V/2h. YITIOBOH MOMEHT SBIISETCS CIEICTBHEM
HajJM4{s YIIIOBOro y3ma (puc. 1.2), KOTOpEIH, KaK TOBOPAT, «BBOIHUT
KpHBHU3HY B YIIIOBOE M3MEHEHHE BOTHOBOH QYHKITMKY (1Lap IpeBpalia-
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Puc. 1.2. Y3noBsie CBOJiCTBa W CHMMETPHA aTOMHLIX opbutaneii. Opburans ¢ n = 1

He HMMecer y3ioB. Opbutamy ¢ n = 2 HMEIOT OAWH y3el, ¢ n = 3—gBa y3na

U T. 1. OTHOCHTENBHO Onepauud CUMMETPHHM HHBEPCHM (LEHTP MHBEPCHHM COBIAjact

C IEHTPOM fAAPa) BCE S-OPOUTAM CHMMETPHYHLI, BCE p-OpOMTAIH aHTHCHMMETPHYHBI,
Bce d-opOUTaM CHOBA CUMMETPHHHB! H T. JI.

€TCs B ranrtens). Hamuuue opOUTamsHOTO YIIIOBOTO MOMEHTA OKAa3bIBAET
CHUJIBHOE BIIMSIHME Ha pajuansHyio ¢opMmy opbutanu. B To Bpems Kak
BCE S-OpOHTANH y siApa MMEIOT HEHYJICBOE 3HAYEHHE, p-OpOHUTATH TaM
OTCYTCTBYIOT. DTO MOKHO TIPEICTaBUTh KaK OTOPACBEIBAHUE 3JICKTPO-
Ha OT siIpa OPOUTATBHEIM YITIOBBIM MOMEHTOM. CHia KYJIOHOBCKOTO
TIPUTSKEHUS BEKTPOHA K AAPY Iponopuuonansna 1/72, tie r — pac-
CTOSIHME OT A7ipa, a HEeATpoOe)KHas CHia, OTTATKUBAIONIAsS MEKTPOHBI
OT siapa, npomnopruoHansHa J2/r} (J — yrmosoit MoMent). [oaTomy,
€CIIH yrIoBoit MoMeHT J # 0, npu O4eHb MaJbiX F LeHTpobexKHast cHila
HNPEBOCXOAUT KYIOHOBCKYIO. 3TOT HEHTPOOekHBIN 2 deKT MpOosSBIACTCS
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Takke B AO ¢ [ = 2, KoTopbie Ha3bBAIOTCA d-opburtansmu, [ = 3
(f-opburanu) u Oosiee BRICOKMX opOuTamsx (g-, A-, j-opburamu). Bee
3TH opbuTanu, u3-3a Toro, 4yto / # 0, UMEIOT HyIEeBYIO aMIUIHTYNY Y
S7pa U, CIIEAOBATENIbHO, BEPOSITHOCTH OOHAPYKHUTH TaM JIEKTPOH paBHa
HYIH.

VY 2p-opOUTany HET pagualibHOTO Y31a, HO 3p-0pOHUTanb €ero UMEcCT.
OCKU3bl HHKHHUX ATOMHEBIX OpOMTaNeil; WIIIOCTPHPYIOUIUE y3JI0BbIE
cBoicTBA U cuMMeTpHio AO (HO He BEpOSTHOCTHOE pacHpeielieHHE
3JIEKTpOHA BHYTpH opOHTaNH, KaK Ha puc. 1.1), npuBenens! Ha puc. 1.2.
Ceetisle M 3aTeMHEHHEIE 00JIacTH — 5TO MECTA, IS BOIHOBAs (QYyHKIUS
uMeeT paszHble 3HakH. [lockonbKy BEIOOD 3HaKa MPOM3BOJICH, be3pasnuy-
HO, OyiIeM JIH MbI COOTHOCHTH 3aTEMHEHHE 00JIACTH C HOJIOKHUTEILHBIM,
a cBeTibie O0JIACTH C OTPHUIIATENLHBIM 3HAKOM BOTHOBOH (YHKIIMH, WIH
HaobopoT. ['paHuIa MeXIy CBETION U TeMHON obnacTaMu opbuTancit —
3TO y3€l, T.€. TO MEeCTO, II¢ BOJHOBas (QYHKIMS PABHA HYJIO, HIIH,
IOPYTUMH CIOBaMH, MECTO, I[le BONHOBAsA (QYHKIMA MEHSeT 3HAaK Ha
IIPOTHBOIOJIOXKHBIH. HeM GobIlie y3/10B, TEM BBIIIE JHEPIUS TEKTPOHA,
3aHMMaronIero faHuy AO.

Hockoneky nnst p-opOurtaneit / = 1, KBAaHTOBOEC YHCIO M MOXET
npuHUMarh 3HadeHus +1, 0 u —1 (c. 21). Pa3Hpie 3Ha4eHUs m COOT-
BETCTBYIOT OpOHTAIIM C PasIdHIHBIMH OpHEHTALMAMH OpOHUTaIBHOTO
yIJIOBOTO MOMeHTa. p-Opburtans ¢ m = () HMeeT HYIEBYIO MPOCKIHIO
YIIIOBOTO MOMEHTA Ha OCh z (puc. 1.2), ¥ N0 3ToH NpHYHHE €€ HA3BIBAIOT
p.-opburtansio. Bua p,-opburanu (cm. puc. 1.1 H 1.2) roBOpUT O TOM,
YTO MEKTPOHHAs IUIOTHOCTH «coOpaHa B 3aBON» BIOME OCH z. B aTOoM
ClIydae CyIIeCTBYeT TOPH30OHTAIbHAS Y37I0Basl MIOCKOCTD, IIPOXOASAIIAs
yepes SApO, ¥ BEPOATHOCTHL HAUTU AMICKTPOH B 3TOH IUIOCKOCTH paBHA
Hynto. [IBe npyrue p-opOHTAmd MOXHO IPEACTABUTH aHAJTOTHYHBIMHU
KapTHHaMH ¢ OpHEHTAMe! «JIonacTei» BAoNb ocel x U y (cM. puc. 1.1),
HO3TOMY OHH HAa3bIBAKOTCA Py~ U P, -OpOUTAIAMH.

Ecnu n =3, To { MOXeT npuHUMaTh 3HadeHus 0, | 1 2. 31O mpUBOIUT
K onHo# 3s-opbutany, TpeM 3p-opbuTtanaM u natu 3d-opouransm. 3d-
Op6uraneit maTh, HOCKOJIBKY IIpH { = 2 m MOXET MPHHAMATh 3HAYEHHST
2,1, 0, =1 u —2. Bece 3d-opburanmu MUMEIOT HYIECBYIO aMIUIHTYAY Y
siapa. Y HUX HET pajuaibHBIX y370B (y 4d-opbutaneit panuanbHbIe
y371bl HOSIBJISIFOTCS), HO y KaXKJOH €CTh JIBC Y3JIOBBLIC IUTOCKOCTH (CM.
puc. 1.2).

Brime ObUTO cka3aHo, YTO JHEPrUs DIIEKTPOHA B ATOME BOIOPO-
Jla 3aBHCHT OT IIABHOTO KBAaHTOBOIO YHCIa OpOUTANM, KOTOPYIO OH
3aHMMAET, ¥ HEe 3aBHCHT OT ero OpOHTAIbHOIC YIJIOBOTO MOMEHTA.
TaxuM o6pazoM, B aToOMe BONOpOJIAa ICKTPOH Ha 2s-opbUTanu UMeeT
Ty >K€ DBHEpPrui, 4ro W Ha moboi u3 1pex 2Zp-opbutaneit. Ecmm
pa3iIudHble OpOUTANH HMEIOT OAWMHAKOBYIO DHEPrHIO, OHH HA3BIBAKOTCA
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euIpodicOenHbiMuU. BEIpOXKIeHHEe aTOMa BOJOPO/A IIPEAOCTARASET CODOMH
HEYTO MCKIICYHTENIbHOE U B dH3uke obbsicusercs ocoboit dopmoit ero
KYJIOHOBCKOTO TIOTEHIIHAIA,

1.4.2. PASMEPBI ATOMHBIX OPBUTAJIEM

CKOpPOCTh MHOTHX PCaKIUil OPraHUYeCKUX COCOUHECHUH 3aBUCUT OT
TOTrO, HACKOIBKO 3((EKTUBHO B3aHMOIEHCTBYIOT, T. €. IIePEKPBIBAIOTCS,
MOJIIEKY/IspHBIE opOuTasnu peareHToB. OOBEMHUCTHIE IPYIIBI (HalIpUMED,
mpem-OyTHIIbHAS) TPEISTCTBYIOT COMVKEHHIO DEarcHTOB, CHIDKAIOT
CTENEHb B3aHMOJAEHCTBIA opburaneil (MHOTHA 10 HYAS) U ITO3TOMY 3a-
TPYOHAIOT peakiuo. s orneHKH crepudeckix 3¢ extoB HeoOXoaMMOo
HMMETh NIPEICTAaBICHUE O TOM, KAKOBBI pa3sMepsl OpOUTaNel H HACKONBKO
IAJeKo OHM pacHpocTpaHdorcs oT sapa. Ilockombky MoneKymIspHbIe
OopOHTANU TIONYYaroTCs U3 aTOMHBIX opOurtaneit (paza. 1.5), pazmeps
aTOMHBIX OpOHWTaleld WIparT PEUIAoNYI0 ponb. Pa3sMepsl aTOMHBIX
opbuTanei ONpeneNstoT H TO, YTO MBI Ha3bIBaeM «Pa3sMepaMH aToOMay.

KaxoBbl, Hanpumep, pasMephl aToMa BOJOPOJa B €r0 OCHOBHOM
3IEKTPOHHOM COCTOSIHUU? MOXHO pacCyXIaTh TaK: IIOCKONbKY IPH yaa-
JEHUH OT siipa opOHUTAaNb CIIalaeT KCIIOHEHIIHAILHO, aTOM OeCKOHEUHO,
BEIHK, TaK KaK aMILIHTYIa BOJHOBOH ¢yHkuuu (opOHTanmu) gocTUraeT
HyIs JHIOb B Opedelie OECKOHEYHOro pacCTOSHUS OT sapa. JTa TOYKa
3peHus IPHHIMITHAIBHO [IPAaBUIILHA, HO B JIH IpHEeMIIEMa JUIS XHMHUH.

Jpyras Todka 3peHHS COCTOMT B TOM, YTOOBI CUHTaTh 32 pa3Mep
aToMa pajguyc, Ha KOTOpPOM HauOoJjiee BEPOATHO HAWTH DJJIEKTPOH.
Haubonee BeposTHBIM paqayCcoM, IPH KOTOPOM OyIeT HalIeH AeKTPOH,
st 1s-opOuranu sisnsgercs paguyc bopa ap = 0.53 A (53 mm). Paguyc
HauOoJBLIEH BEPOSTHOCTH B ciydae 2s-OopOHTAald BOMOpOJA HMEET
BenuunHy 2,76 A (276 nm). Takum 06pa3oM, C yBEIHMUCHHEM SHEPTHH
aToMma, T. €. IpU BO3OYKIeHHH, ero pazMeps! yeenuuuparTcsd. Ilo Mepe
YBEIHYEHHA aTOMHOTO HoMepa (Z) 3neMeHTa OopOUTaIH «IIOKHMAIOT-
cs» K Anpy W Haubojiee BeposiTHBIN panuyc OyneT paBeH 53 nw/Z, rae
Z — 3apsp s1pa.

Atom H He Li Be B C N O F Ne

HauGonee

BEPOATHBIH paauyc
ls-opbutanu (A) 0,53 0,26 0,18 0,13 0,11 0,088 0,076 0,066 0,059 0,053

Taxum obpazom, 1s-opburans aToma yriepoaa B 6 paz Mexbiue 1s-op-
fuTanu aToMa BONOpo/a.

1.4.3. CTPOEHHUE MHOI'O2JEKTPOHHBIX ATOMOB

st Bcex ppyrux aroMoB, KpoMe Bojiopoa, ypasHenue llIpeannrepa
HCKJTIOYHTENIBHO CIIOKHO, TaK KaK BCE BIEKTPOHBI B3aMMONEHCTBYIOT
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IPYT ¢ APYTOM, YTO HEOOXOIUMO y4eCTh. Jlake muis Tenus Heaw3s AaTh
aHATUTHYECKOE BBIpAsKEHHE T opOuTanel 1 mpuxonurtcs npuberars K
YUCIEHHBIM pellleHUAM ¢ ToMoILBio DBM (mosnydarT Tak Ha3hBacMbIe
opOHTaTy CaMOCOINAcOBAHHOTO 1ois). OOHAKO YTODBl IMOHATH BJIEK-
TPOHHYIO CTPYKTYDPY CJIOXKHBIX aTOMOB, JIOCTaTOHHO BOCIOJIB30BATHCSH
3HAYUTENBLHO 00JIee MPOCTHIM KAUeCTBCHHBIM METOAOM, KOTOPEIH OCHO-
BaH Ha OpOUTAIAX, Y)KE HAHIESHHBIX AJIS aTOMa BOLOPOJA.

OCHOBHOE COCTOSIHHE aroMa BOAOPO/ia MMEET 3JEKTPOHHYHO KOH-
durypanuro’ 1s, T. €. AMHCTBEHHBIN 3TEKTPOH 3aHUMAET 1s-0pGHTAD.
VY renus psa saexkrpoHa. Eciau B3ATh Aapo aroma reius (Z = 2) U
cHayana J00aBUTh K HEMY OAMH JIEKTPOH, TO 3TOT MNIEKTPOH 3alMeT
1s-opburans, koTopas Oyjer orndyarbesd OT 1s-opObHTanu aTroma BOJO-
pOlia MUIIb MEHBIIHMMH pa3MeEpaMHu, T. €. MeHbleH AHQQY3HOCTHIO, TaK
KaK OOMbUIMH sSAepHBIA 3apsi]i NPHTATHBAET DIEKTPOH OinXe K SApY
(naubonee BeposTHBIM paguyc He' pasen ag/Z = 0,53/2 = 0,26 A).
Ecmu 3atem n00aBHTEH BTOPOH 3ICKTPOH, TO IOJIYYHTCS HEHTpab-
Helii atoM He, 3Heprus xoroporo OyJeT HaWMeHBHIEH B TOM ciydae,
KOTJia BTOPOH 3MIeKTPOH 3adMeT Takxke ls-opburtans. Pesymerupylo-
mei dJIeKTpOHHON KoH(urypamueit Oymer ls? (nBa dIeKTpoHa Ha
ls-opburanu). Takoe onucanue crpoeHus aromMa He saBusercs Herou-
HBIM, TOCKOJIBKY HalIW4YHe BTOPOTO 3IEKTpOHA HCKakaeT opbHTans
IIepBOro, ¥ HA000pOT. DNEKTPOHBI B3aUMOJEHCTBYIOT APYT C HPYIOM,
HUX pacrpefiejieHue yxe He OyaeT c@epHyecKd CHUMMETPHYHBIM, a
MOJIHAS JHEPTHsl aToMa Y)Xe He paBHa CyMMe SHEpIrHuil JByX 3MeK-
TPOHOB, IO OTJAEILHOCTH 3aHUMaroNuX ls-opburtans. TeM He MeHee
eCJIM TMPHUTDKEHHE K sApy npeoOianaeT Haj SMCKTPOH~3NEKTPOHHEBIM
B3aUMOJICHCTBUEM, HCKa)KeHHE opOuTaneil He OyaeT OueHb OONBIIMM.
TakuM oOpazoMm, MOXKHO CUHTaTh, YTO aTOM TelWs HUMeeT KOHOH-
rypanuio 1s?, B KOTOpOil ABa 3IEKTPOHA HaXONATCSA HA BOAOPOMO-
moobHo# 1s-opOuTtain, «momxaTol» K gApy M3-3a OOJBILIETO €ro
3ap4ana.

Yrolsl OTAMYMUTE APYr OT ApYyTra LBa 3MIEKTpPOHA Ha ls-opburanu,
HEOOXO0AUMO ellie OHO KBAHTOBOE YHCIIO S, KOTOPOE Ha3bIBA€TCs CIIU-
HOM. CIIMH CBSI3aH C YIVIOBBIM MOMEHTOM JJIEKTPOHA, Bpallarouerocs
BOKpYT' cOOCTBeHHOU OcH. [leTanbHbpIi aHaIu3 CIHHA JJIEKTPOHA HOCUT
JIOCTAaTOYHO YTOHYEHHEIM XapakTep, HO KOHEUHBIH pPE3ylbTaT NPOCT:
ZUIsL SMEKTPOHA BO3MOXKHO JHIIB OAHO 3Hadenue s = 1/2. Cmwmn,
a4 TOYHEe CIIMHOBBIH YIVIOBOM MOMEHT, — 3TO TaKoe e COOCTBEHHOE
CBOHCTBO JJIEKTPOHA, KaK €ro Macca Hid 3apsl; 370 (UKCHPOBaH-
HO€ CBOHMCTBO, XapakTepHcTHMka yacTuibl. CIMH KaXKJIOTO 3MEeKTpOoHa

! Mox anexTpouHol kOHGOUTYpalMell TOAPATYMEBAIOT ONPEleNeHHOE PACTIPEAETCHUE EKTPO-
HOB 10 (n1,/)-ypoBHAM.
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B TOYHOCTH OFHH H TOT €, OH HE MOXET HH YBEJIMYHBATHCS, HH
YMEHBIIATECH. EAMHCTBEHHOE pasiHuMe MexXIy JBYMs 3JIeKTPOHAMH
Ha ls-opbuTany 3aKII0YaeTCs B PA3IHYHON OPHMEHTAIMM CIHHOBOIO
YIIIOBOTO MOMeHTa. Bennuuaa yrmIoBoro MOMeHTa OTHOCHTENBHO OCH
z cocraBnser msh, rae m; paBHO Wi +1/2 (a-cnun), wm —1/2
(B-cnun). Taxum 06pa3oM, U3 JIBYX AJIEKTPOHOB Ha ls-opOHTanu onuH
HMeeT (-CIHH, a JpYrod — [(-CIHH, T. €. CIHHBI THX 3JICKTPOHOB
aHTHIIapaIeNbHbI HIIH, TI0-HPYTOMY, CIIApPEHEIL.

B arome guTHs nepBsie qBa 3IEKTPOHA 3aHUMAIOT 1s-opOHTans, eme
0oxee MOATAHYTYIO K supy ero 3apsuoMm (Z = 3). Tpetuii 3mexTpoH
HE MOXET 3aHATh ls-OpOHTaNb, IMOCKOABKY CYIIECIBYET e€Ile OAMH
BKHBIA MPUHUMI KBAaHTOBOH TCOPHH, KOTOPHIM 3ampelnaeT 3aHUMAarThb
KaKy1o-1ubo opburanp Ooniee dyeM BYM IJJIEKTPOHAM. DTOT HPUHIHII
HasbIBaeTcs sanpemom Ilayiu, OH SABISETCS KIIIOYOM K ITOHHMAHHUIO
CBOHCTB CIIOXKHBIX aTOMOB M €0 MOXKHO c(hOPMYIHPOBATE CIEAYIOUIM
obpazom.

JIxo6ast opOUTATAL MOKET OBLITH 3aHATA He 00Jlee YeM JABYMS JJIeK-
TPOHAMH, M €CJIH ee 3aHUMAKT ABA JIeKTPOHA, HANpaBJeHHe HX
CHMHOB J0JKHO OBITH NPOTABONONOXKHEBIM. 3anper [laynmn oTHOCHTCS
KaK K aTOMHBIM, TaK U K MOJIEKYISIPHEIM OpOHTAISIM.

IMpunnun Haymu 3anpemaet, 4ToOb! TPETHH 3IEKTPOH HaXOOUACS Ha
YK€ 3aITOTHEHHOM ABYMsI lIEKTpoHaMu 1s-opOHUTanu, ¥ I03TOMY TpPeTHH
JIEKTPOH 3aHUMAeT CHEAYIONYI opOUTAnbs Hu3MIeH sHepruu. Takoi
opburansio Gyner ogHa U3 opburaneii ¢ #n = 2. Ilonagaer U 31eKTPOH
Ha 25- WK Ha OAHY H3 Tpex Zp-opOuraneil? Bsilie MBI TOBOPHIH, YTO
B ClIydae aToMa BOJOPOA 3TH OpOHTanH ObLIH BRIPOXKIACHHBIMH (MMENH
OJIHY H Ty € JHEPIHIO), OJIHAKO JUIA JIMTHS H JPYTHX aTOMOB 3TO HE
Tak. [IpyurHa COCTOHT B TOM, YTO IIPUCYTCTBUE APYTHUX AIEKTPOHOB (Ha
ls-opOHTangx) CHUMAET BHIPOXKASHHUE, [TOCKONBKY 3TH 3JIEKTPOHBI, KAk
TOBODSIT, «HE HAXOAATCS B FEOMETPUIECKOM LICHTPE aTOMay. S-ONEKTPOH
XapaKTepH3yeTCsl HEeHYIICBOH BEPOSATHOCTHIO OBITh HAMIEHHBIM Y fA7pa,
TOTa KaK p-3IIEKTPOH TaM BCTPETUTH Henb3s. CllenoBaTensbHo, 2s-31eK-
TPOH, HECMOTpPS Ha IPOTHBOAEHCTBHE OTPHLIATENIEHO 3aPSKEHHOTO
3KpaHa ls-2IEKTPOHOB, BCE X€ MPOHMKAET 4epe3 3TOT 3KPaH K sApy
U HAXONUTCS IIOX BO3JECHCTBUEM IONOXKHUTENHLHOTO SOEpPHOTO 3apsna,
TOTJa KaK 2p-3JIEKTPOH He HPOHHKAET YEPe3 OTPHIATENBHO 3aPsKeHHbIH
skpad. CymMma 3(p(peKTOB 3KpaHUPOBAHUS U NPOHUKHOBEHUS MPUBOIUT
K TOMY, 9TO 25-3NEKTPOHB! IO JHEPrHH JEXKaT HIDKE 2p-3JIEKTPOHOB.
AHAJIOTWYHO, JUIA 3JEKTPOHOB C 17 = 3 3HEPrHs BO3pacTaeT B DALY
3s < 3p < 3d uz-3a sddexra MPOHHUKHOBEHHUS uepe3 BHYTPEHHHUE
obonmouk ¢ n = 1 u n = 2. [Jpyrumu ciroBaMH, 3¢b(EKTHBHEII
SIZIEpPHBIM 3apsd AJIs pas3HeIX opOuraneil He omuHakoB. Tak, 3p-dnek-
TPpOH HATpUs IPH YUYETE 3KPAHUPOBAHUS JOJDKECH HAXOAHUTBCS IO
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BO3IEHCTBHEM MEHbILIETO 3(h(QEeKTHBHOTO SACPHOIO 3apsiia, 4eM 3s-dIIeK-
TPOH.

Hrak, siekrpoHHas KOHGHUIypauyus aroMa JHTHS B OCHOBHOM
(au3meM) coctosHHHM Oymer 1s?2s. UTo6BI [OCTPOUTH JJIEKTPOH-
HyI KoHburypauuro 00oro atomMa ¢ HOMEpOM Z, HYXHO Ipen-
cTaBuTh cebe aroMHble OpOHUTaNM C HOCIENOBATEIBHOCTHIO SHEPTHi
Is < 25 < 2p < 35 < 3p < 3d < ... u 3areM pasMecTHTb Z
3NEKTPOHOB, HAUMHAS ¢ OpOUTANH HH3IICH SHEPTHH, B COOTBETCTBHU C
npuHIEnoM [laymu. Heo6xoamMo NHINE TOMHHTB, YTO UMEETCH TONBKO
onHa ls-opburans, ogHa 2s-opbuTalp U T. A., HO opOuTanei tuna 2p, 3p
U T. 1. 110 TpH, opbutaneit tuna 3d, 4d 1 T. A. — 1o NATH, a opOuTanei
tuna 4f, 5f 1 1. 1. — 10 ceMb. Huxxe MpUBEACHH ANEKTPOHHBIC KOH(PH-
Typariy OCHOBHBIX COCTOSHHII aTOMOB NEPBBIX AECSATH JIEMEHTOB.

H He Li Be B C N O F Ne
1s 152 15725 157257 15725%2p 15°25%2p% 1522s%2p° 15%25%2p° 15725%2p° 15725%2p°

1.5. MOJIEKYJISAPHBIE OPBUTAJIH HOHA H;

B npexnpinymiux pasnenax B KauecTBE IIPOCTeHIIEH dacTHLBl pac-
CMaTpHBaJIC aTOM BOACPOJa H OIUCAHHE CIOXKHBIX aTOMOB OCHO-
BBIBAJIOCH Ha JTaHHEBIX, IOJYYEHHBIX NPH W3YUEHHH aroMa BOXOPOJA.
Teneps Ha mpuMepe Haubonee NMPOCTON MOJIEKYIbl — MOJIEKYJISPHOTO
HOHAa BoOZOpoOAa H;—MH CHayana BBIABUM Haubojiee CyniecTBeHHBIE
4epTHl TEOPHHM CTPOSHHUS MOJIEKYJI, a 3areM cOcyaum bosiee CIIOKHBIE H
XHMHYECKH Dojiee HHTePeCHBIC MOJIEKYIIEL

1.5.1. JUHEAHBIE KOMBUHAUNH ATOMHbIX OPEUTAJIER

Hon H;f COCTOMT U3 TpEX, YacCTHI[: JBYX IPOTOHOB U ORHOTO
onexTpoHa. IIpOTOHBI OTTAJKUBAIOT IPYr Jpyrd, HO IPUTACHBAIOT
anexkTpoH. CTabHIBHOCTH H2+ JIOKHa OOBACHATHECA 0alaHCcoM MEXIy
KHHETHYECKOH 3HEPTHEH H JHEPIUAMHM OTTAJIKMBAHMSA M IPHUTSHKECHHS.
VYIpoLIeHHOE PAacCMOTPEHHE HOHA H; OCHOBaHO Ha NpPHONIKEHUH
Bopuna—OmnnenreitMepa, B KOTOpOM HCHOAb3yeTcs TOT dakT, yto oba
[IPOTOHA IIO MACCe 3HAYHTENHHO TsoKenee (mpuMepro B 2000 paz) ogHoro
JJIEKTpOHA. BcenencTBue 3TOTO sAApa OBHKYTCS Iopa3’fo MEIICHHEE,
9eM JJIEKTPOH, H MOTYT PaccMaTpPUBAThCA KaK (UKCHpPOBAHHEIE, a
3NEKTPOH — ABHXKYIIUMCS 10 BCeMy 00beMy MoieKyibl. TouHEI pacyeT
TTOKA3LIBAET, YTO B TO BpPEMs KaK 3JIeKTPOH IPOXOOUT PACCTOSHHE
1 M, ganpa mepeaBUrarOTCa JMUIF HA 1 MM, W ommOKa, CBS3aHHAs C
HOpeNnoIOKEHHEM O HAXOKICHHH A7ep Ha GUKCHPOBAHHOM PacCTOSHUU
Ipyr OT Ipyra, oYeHb Maia. B apyrux Monmekynax siapa eie Tspkesee

29



U NpHOIHKeHHe enle 6onee npuemieMo. 3HayeHne npubmmkenus bop-
Ha—OrIeHreiiMepa Ui XUMUH UCKITIOUUTENBHO BETHKO, IOCKOIBKY OHO
00OCHOBBIBaeT TaKHe MTOHATHS, KaK JUIHHA CB3H, YTOJT MEX/TY CBI3AMH,
KOH(Hrypanus, KoH(pOpManus, CUMMETPHS sIIEPHOTO OCTOBA, KPHUBast
NOTEHIUAILHON SHEPTHY U T. I1. [Ipubmukenue bopra—OnnenreiiMepa
3HAYUTENBHO YIPOIIAET ONHCAHHNE HOHA H;’ , CBOIS €I0 K YPABHEHUIO
Hlpenunrepa nnas onHO# (a He TPeX) YAaCTHLIBI — 3TEKTPOHA B DIEKTPO-
CTaTUYECKOM II0NE JIBYX CTAlHOHAPHEIX IPOTOHOB.

IlorennuanbHas 3Heprus IEKTPOHA B IIOJIE JBYX NPOTOHOB A U B
nponoprnoHansHa (1/ra+1/rg), T1€ ¥a M ¥g — PACCTOSIHUS OT sIIep A U
B. Koraa a1ekTpor HaxoauTcs 04eHb OIU3Ko K aapy A, 1/r, > 1/rg, 1
Torna ypaBHeHue lllpenunrepa npespamaercsa B ypaBHeHHE JUIsL OIHOTO
aToMa BOZIOPOA2, OCHOBHOE COCTOSIHUE KOTOPOTO ONUCHIBaeTCs opOuUTa-
IBI0 1)y C LleHTpoM Ha siape A (1sa). Ecnu ke 2IexTpoH HaxomuTcs
onu3Kko x sapy B, ypasuenue Ilpenunrepa mpespamiaercs B ypaBHeHUe
IUIs. aToMa BOIOpoaa B, B OCHOBHOM COCTOSHHHM KOTOPOIO JIEKTPOH
HaXOOUTCA Ha opbutanm lsg. OOmee pacnpesnenenue 3IeKTPOHA MOXKET
OBITH OMHMCAHO BONIHOBOH (pyHKI{MCIH:

?/JQ“ ISA+ ISB.

Orta ¢yHKIUS nomgoOHA aTOMHOW OpOUTanM, HO pACIpOCTPaHAETCH
Ha BCKO MOJIEKYILY U ITO3TOMY Ha3bIBACTCA MOACKYAAPHCU opbumanvio
(MO). Ilockonpky MonekyssipHas opOHTai, 0Opasyercs myTeM Cilo-
JKEHUS NIByX aTOMHBIX opOuTanei, 310 nmpuOmMKeHHe HW3BECTHO TOJ
Ha3BAHHEM JUHEUHOU KOMOUHayuu amomuslx opbumanetl, Wil mMemood
JIKAO. Meron JIKAO smnsercs TONBKO NPUOTHKEHUEM,

CornacHo UHTEpOpETaul BONHORBOH GyHKIMH EopHa, BEpOSTHOCTD
0OHApYKUTL ICKTPOH B 0ObeMe d7T B TOUKE 7 MPONOPIIMOHAILHA
¥?(r)dT ¥ TO3TOMY pacnpefieicHHe MEKTPOHa B MOJEKY/E NpOIop-
IHOHAIBHO

(1sa + Lsp)?dr = (1s2)2dT + (155)*d7 + 2(154)(1sB)dT.

B obnactu BOmm3u sapa A ammumutyda (1sp) Mana (puc. 1.3) u Bepo-
SITHOCTh HAXOXK/ICHHUS 3/IeCh DIIEKTPOHA OIIpeeIIeTCs NIaBHbBIM 00pa3oM
(15a)?; B obsracT BOMH3Y siIpa B BEpOATHOCTL HAXOXKICHHS IEKTPOHA
onpenensiercsa B ocnoBHoM (1sg)°. Ho camas Baxuas ocobennocTh MO
BBISIBIICTCS IIPH HCCIENOBAHMM BEPOSTHOCTH HAXOX/IEHHS DIEKTPOHA
B ofmactu MexImy spamu, rae lsa B lsg UMEIOT NPHUMEPHO paBHBIC
aMIDIUTYABL. BeposaTHOCTS HAWTH DIIEKTPOH B 3TOH 001acTH paBHA CyMMe
BEPOSTHOCTH TOTO, UTO OH OBUT OB TaM, eciu OBl IIPHHAAIeXa] aToMy A
(1. €. Bemunne (1s,)? B 3T0# 067acTH), BEPOSTHOCTH TOTO, 9TO OH OBLI
OBl TaM, eci Obl MpUHANTEKAT aTomMy B ((1sp)?), ¥ JOMOTHHTEILHOM
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yBenuvenue amnaurydo

Puc. 1.3. TlepexpuiBanue AQO, Benyuee
K CBA3BIBAHHIO A 8

BEPOSITHOCTH, IponopuuoHanbHol 2(1sa)(lsg)dT, KoTopas oOycnos-
NeHa TPETHUM YIEHOM B BhIpaxkeHuu s ’dr. Takum obGpasoM,
BEPOATHOCTh HAHTH 3JEKTPOH B HEKOTOPOH TOYKE B MEXChsJEPHOMR
obnacTy yBenuyeHa IO CPABHEHHIO C OKHAAEMOH B TOM ClIydae, ecliH
MBI TIPOCTO MMEEM aTOM BOAOPOJA Ha TOM K& PACCTOSHHU OT JaHHOM
touku (puc. 1.3).

IlpuguHa 3TOTO COCTOMT B TOM, YTO OpOHTAIH — 3TO BOJIHOBBIC
GYHKIHH, T. €. «ONEKTPOHHBIC BOIHBDY, KOTOPBIE, KaK ¥ BCAKHE ApPYTHE
BOJIHBI, MOTYT HHTepdepupoBars. [Ipu uHTEepdEepeHIHUH 3IEKTPOHOB
opbutaneit lsy ¥ lsp, Kaxmas M3 KOTOPBIX B MEXbsiepHOH obiacTu
HMEET IOJIOKHUTEIBHYIO aMIUIMTYAY, o0Ias aMIUITUTYa YBEeIHIHBAETCS.
Takum 00pa3zoM, B 0011aCTH NEPEKPHIBAHKS IIPOHCXOIAUT Kak OBl «HaKar-
JMBaHHE» DIEKTPOHHOH IIOTHOCTH.

ObnienpuHATHIM OOBSICHEHHEM CYIIECTBOBAaHUS NPOYHOH XHMHUe-
CKOH CBSI3U ABIAETCS IIPENITIONIOKEHUE, YTO HAKOIUIEHHE 3MEKTPOHHOH
MIOTHOCTH B MEXBAACPHOH 00IACTH MPHUBOAUT K TAKOMY ITOJCGKEHHIO
3NIEKTPOHOB, B KOTOPOM OHH MOTYT B3aHMOJEHCTBOBAaTh ¢ 0OOMMH
sApaMd. JTO IOHIIKAaeT 3HEPIrUI0 MOJIEKY/Ibl U JAEJIaeT MOJEKYIy
crabunpHod. OJHAKO TOYHBIC PACYETHI MOKA3HIBAKOT, YTO MO KpadHHeH
Mepe JUIst Hj 370 00BACHEHUE HEBEPHO, NOCKOIBKY CABUI 3IIEKTPOHOB
OT fA7ep B MEXBSANEpPHYI0 00IacTh IOBBINIAET WX NOTEHIHAIBHYIO
snepruro. CONTacHO COBPEMEHHOMY OOBSCHEHHIO, B TO BpeMsi Kak
3/IEKTPOHB! CABHTAIOTCA B MEXBAAEPHYIO 0011aCTh, AD «IT0IKUMAIOTCSD»
K COOTBETCTBYIOUIMM siIpaM. DTO YBEIHUMBACT BJIEKTPOHHO-s/IepHOE
OpUTsDKeHHEe B OOIbIIEH CTENeHH, YeM OHO yMEHBIIAaeTCs IMpH 3amoi-
HEHHH MEXBSAepHOH obnacTu, W 103TOMY IOTCHIMAlbHAs SHEPrus
3HAYUTENBHO IOHKWXaeTcst. [IpH 3ToM KuEeTHYeckast 3HEPrus 37IeKTpoHa
TIOBBIIIAETCS, HO B CyMMapHOM dddexre npeobnajgaer yBeIHUYEeHHE
3/EKTPOHHO-SIEPHOTO MPUTAKEHHS, YTO NOHHKAET SHEPIHIO SIEKTPOHA
B MOHE H;L ¥ BeJIeT K 00pa3oBaHHUIO CBA3M.
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Hmes 310 B BUAY, MBI T€M He MeHee OyleM CBS3bIBATH [POUHOCTE
XUMHUECKUX CBSI3CH C HAKOIUICHHEM JICKTPOHHOW IUIOTHOCTH B «00-
TACTH CBA3BIBAHMS» MEXY SAPaMM, HE YTOUHsA, OOYyCIOBIEHA K 3Ta
CHJIA «ITOJIXKATHEM) COOTBETCTBYIOMINX OpOuTanei Wid IIpoCcTo U3MeHe-
HUEM SIIEPHO-3IEKTPOHHOTO B3aUMO/IEICTBHS BCIEACTBHE HAKOIUICHHUS
3MEKTPOHOB B MEXbSJIEPHOM 0bnacTH.,

1.5.2. CBA3BIBAIOIIUE H PASPBIXJISTIOIUE OPBMTAJTH

IIpu o6pazoBanuy MoneKyIapHOil (154+1sp)-0pobuTany aBe aTOMHEBIC
OpOHTANN HAXOAATCSA B IHOJOXHUTEIhHON (KOHCTPYKTUBHOW) uHTEpDe-
PEeHIHH, T.€. B3aUMOJieficTBHE uX HpoucxoauT B (dase. 3aHuMaromui
3Ty opOuTambs 23JIEKTPOH CBA3BIBAET J[BA S7Apa B EIUHYIO CHCTEMY,
HO B TECHBIH KOHTAKT APYr C APYTOM syipa BOUTH He MOTYT. OTO
00yCIOBIEHO ABYMS IpHYHHAMU. Bo-1IepBbIX, IPH OUEHb MAJIBIX MEXh-
SIIEPHBIX PACCTOSHHSIX 3JIEKTPOHY MPOCTO HE XBaTaeT MecTa, 4To0b
HAXOIHTHCSEt MEXTY SAPAMM, H €r0 CBA3BIBAIOMUI 2(()EeKT YMEHBIIACTCS.
Bo-BTOpEIX, APH YMEHBIIEHWH PACCTOSHHUS BO3PACTACT OTTAIKUBAHHE
saep, KOTOpoeé B KOHLE KOHIIOB [OJDKHO IIPEBBICHTH CBS3BIBAIOINEE
JedcTBHE AeKTpoHa. st 7rob0ro paccTOSHUS MEXIY SAPaMH MOXHO
BBIYHCIATE OOIIYI0 3HEPTHI0 MOJIEKYJIBI; [TOTYYeHHas 3aBHCHMOCTh HO-
CUT Ha3BaAHUE KPUGOU NOMeEHYUARbHOU sHepauu mozexyiast (puc. 1.4). Ha
KPHBOH MMeEeTCs MUHHMYM («SIMa»), COOTBETCTBYIONIMH CTA0HIEHOMY
COCTOSHHIO MOIEKYNIbl C MEXBSAAEPHBIM PACCTOAHHEM Rpapy, KOTOPOE
HOCHT HA3BaHHE PASHOGECHOU ONUHbL C6A3U (MU IIPOCTO OAUHbL CEA3U;
B HOHE H; Rpasn = 1,06 A). {1sa + 1sg)-OpOuTans sBisieICs CBA3BI-
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Puc. 1.5. Obpa3soBanne antucBsspiBatomeii  Puc. 1.6, JluarpaMma 3HEPreTH4ecKHX
(paspeixysitomieil) Moneky/aapHo# opbu-  ypoBHed MO, o6pasoBaHHBIX M3 1s-0p6u-
Tanu Tanen

BAIOMIeH MONEKYNSPHOI OpOUTANBIO B COOTBETCTBHU C ONPEACIICHUEM:
MoJIeKyJsipHast opOuTaae Ha3biBaeTcs CBA3LIBAIOINEH, ecIH 3ace-
JIeHHe ee 3JIEKTPOHAMM NPHBOANT K IOHHXKeHHMIO o01eil YHeprun
MOJNEKYJIBI. .

Jpyryro MO wmona HJ, koTopas sBISeTcsi CHIEIYFOIUMM TOYHBIM
peureHneM ypapHenus lllpenmnrepa, MOXHO CMOJETHPOBaTh, KOMOH-
HUpPYs opOuTany 1sa u lsg B nmpoTtuBodase (puc. 1.5). Ita koMOHHAIIMA
3aIMUCHIBACTCSA KAK 1sa — lsp, 9TO COBEPINEHHO KBHBAJICHTHO 3aIHCH
lsg — lsa, Tak Kak BeIOOp 3HAKa BONHOBBIX (YHKIWIH mpousBoneH. B
3TOM cilydae B OONAcTH NepeKpbIBaHHA HaOIIOMAeTcs OTpHUIaTeNIbHAas
(necrpyxruBHas) uuTeppepeHnus n18yx AQO, BCIEICTBHE YETO AIEKTPOH,
3anuMaronuii (1s5 — lsg)-opOuTann, He 3aHUMAET MECTa MEXIY AAPAMH.
BeposTHOCTh pacnpeneieHus 3eKTPOHa OaeTCs BhIpaKEHUEM

(1sa — lsp)2d7 = (1sa)*d7 + (1sp)*dT — 2(1sA)(1sp)dT.

[IpUHOUNUATIEHOE OTIHYHE MEXAY 3TOH OpOUTaNBI0 K OpOHTaIBI0
CBSI3BIBAIOIIECH COCTOMT B TOM, 4YTO TPETHH YJI€H B IIPUBEICHHOH
¢opMyne OTpUIATENEH, T. €. MEKTPOHHAs IUNIOTHOCTh B MEXBANEPHOH
obmactu ymenblnaercst (puc. 1.5). B rurockoctd, mpoxossinieid depes
CepenvHy CBA3H, TAe opbuTany 1sp U lsp MMEIOT paBHBIE aMILIUTYIE,
OTpHIaTeNnbHast HHTepQEePeHIIH MAaKCHMAITBHO MTOJIHAs ¥ [I03TOMY B OD-
OUTaTH BO3HHKAET Y3ell. DIeKTPOH, 3aHUMaroLiui (15— lsg)-opburans,
CTPEMUTCS «PACTONKHYTH» siapa. YacTUYHO 3TO OOYCIOBICHO TeM,
YTO €ro MOYTH HET B MEXBAACPHOH 00nacTH H OH HaXOOUTCA B
OCHOBHOM CHapy»H aTOMOB, a [IO3TOMY CTPEMHTCSI PAaCTSHYThH CBS3b,
YTOOBI HAXOAUTHCS ¥ C BHYTPEHHEH CTOPOHBI aroMoB. Benencrsue aroro
(1sa — lsp)-opbuTans ABIAETCA AaHTUCBABIBAIONIEH (Ipyroe Ha3BaHHE —
Pa3pbIXJISIONIas).
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MoanexyasipHasi opOHTanL Ha3bIBaeTCA AHTHCBA3BIBAIOLIEH
(paspuIxasiiomieii), ecin 3acejieHHe ee JJIEKTPOHAMH NPHBOANT K
NOBBLIIIEHHIO 001Uel IHEepruH MOJIeKYJibl. 3aBUCUMOCTD JHEPIHHU 3TON
opbuTany OT MEXBAIEPHOTO PACCTOSHHS [TPHBEAEHA Ha puc. 1.4.

Ha puc. 1.6 nmoxasaHp! SHEPruy CBA3LIBAIOMEN U Pa3phIXISIONICH
opbutaneil NpH PaCCTOAHHHM MEXAY SAPaMU Rpapy. OTO THIHYHASA
JarpamMma 3HepPreTHUECKUX YPOBHEH MONEeKYIsApHBIX opOuTtaneit. Cum-
BOIIOM ¢ 0003Ha4aroT opOUTaIM HUIHHAPUYECKOH CHMMETPHH OTHO-
CUTENBHO MeXbhalepHOi ocu (no ananorud ¢ s-AQ); 3Be3nouxoit (o)
OTMEYAIOT Pa3pHIXJsIIONINe o-opOuTany.

Ecni B3auMOIEHCTBYIOT B€ aTOMHBIE OPOMTANH, TO H3 HUX IOIY-
YaloTCsl AB€ HOBBIE MOJICKYASPHBIE OPOHTANH; HHXKHSS, CBA3bIBAIOLIANA
MO, obpasyercs mmyteM nepexpsiBanusg AO B (ase, a BepxHss, aHTHU-
caspBaromas MO, — nytem mepexpsiBanns AQO B nipotuBodase. Takum
o0pa3oM, aHTHCBS3BIBAaONIasA OpOUTANL UMeeT Ha ONUH y3en Ooiblie,
YyeM CBA3BIBAIOIIAA, T. €. €€ SHEPTHUs BBIIIE.

B nanbHeiimeM Mpl OyaeM HCIONB30BaTh YIPOLIEHHBIE CXeMBI 00-
pa3oBaHMs MOJNEKYISAPHBIX opbuTaneit u3 aroMHseIX opOuraned. s
HOHA H; TaKasg CXeMa BBIIILIUT CIEAYIOMMM 06paszoMm:

Hy  Hy He H Hy | Ha
O— - 0O — O+
15»‘A Tsy y3ea

6

H,

O—+ —O — O-0
Is, Isp G’H:

3HaK «IUTFOC» O3HavYaeT muHeiHyro xomounauuio AO 1sa ¥ 1sg B daze,
a 3HaK «MUHYC» —B mporuBodaze. [lonoOHpIE YIPONIEHHBIE CXEMBI
XOPOHIO EPENanT CHMMETPHIO U Y3lIoBsIe cBoiicTBa MO, H 3TOT0 3acTO
ObIBaeT JOCTATOYHO IS aHANK3a PEAKIIMOHHOH CIIOCOOHOCTH MONIEKYIL.
Tem He MeHee BTU CXEMbl He IIOKa3BbIBalOT, HACKOIBKO H3MEHSOTCS
pasmepsr AO npu o6pazoBarud MO, T. €. HACKOIBKO 3MEKTPOHBI «I10A-
KUMAIOTCE» K AApaM IpH oOpa3oBaHMH XMMHUYECKOMN CBS3H.

1.6. FTOMOSIAEPHBIE JIBYXATOMHBIE MOJIEKYJIbI

B pa3nene 1.4.3 6110 moxa3zaHo, KakiM 00pazoM Ha OCHOBE BO-
JOPOINHBIX ATOMHBIX OpOHTamed MOXHO OOBACHHTH CTPOCHUE MHOIO-
JIEKTPOHHBIX aTOMOB. TOYHO TaK K€ IIOCTYNIAIT H IIPH OOBSCHECHHH
CTPYKTYpPHI AByXaTOMHBIX MOJIeKya. CHauana, ocHoBbIBasch Ha MO HoHa
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H, onpenensitoT MO apyroil JByXaTOMHOM MOJIEKYJIBI, & 3aTEM, I10JIb-
3ysch npunuunoM Ilaymu, 3acensior 3TH MO HEOOXOIHMEIM YHCIIOM
AEKTPOHOB, PacCMOTPUM 3JIEKTPOHHOE CTPOEHHE MPOCTHIX NBYXAaTOM-
HBIX MOJIEKYJi, CHaYaa FOMOATOMHBIX THIA X, 4 3aTEM reTepOaTOMHBIX
tHna XY.

Moaexyaa H;. B cnydae MonexyJIspHOro BOZOpONa YKa3aHHas
MpoleAypa O4YeHs [pOCTa: HYXHO pa3MECTHTh JIBa JJIEKTPOHA Ha
MOJIEKYIAPHBIX opOuTansax lso u lso*. Dueprus OyneT MUHHMAIbHA,
ecnu oba 2IeKTpOHA 3aiiMyT CBS3BIBAIOUIYIO opOurtans (puc. 1.7.a).
D10 cooTBeTCTBYET KoH(purypanun lso?. ITockonbKy ABa 3/IeKTpoHa
3aHUMAIOT OHY U Ty e MO, OHH ZOJDKHBI HMEThH IPOTHBONOIOXKHEIE
caudbl. CllemoBaTeNbHO, B OCHOBHOM COCTOSHHM MOJEKYJIBI BOHOpOAA
CBSA3b OCYILIECTBIIAETCH MAapoi 3eKTpoHOB. Cieayer NoAYepKHYTh, UTO
XUMHUYECKasi CBA3b BO3HHKAaeT He B pPe3ylbTare CIIApUBaHHS CIHHOB,
a B pe3ynsTare MepeKpbIBAHHA aTOMHBIX BONHOBEIX (hyHKuHit. CMbIcH
CIIapHBaHUA CIIMHOB 3aKJIIOYAaeTCs HE B BAaXXHOCTH camoro (paxra cra-
pHBaHHA, & B TOM, YTO IIYTEM CHOAPHBAaHUSI MOXHO AOCTHYL Hauboiee
BEITOIHOTO Pa3MENICHHS 3IEKTPOHOB B IPOCTPAHCTBE, TaK 4To 00a OHH
OyILyT HaXOJUTBCSA B MEXBANEPHOM 06IaCTH, «HE MeIas» ApyT ApyTy'.
B 3TOM 1 COCTOUT POJIb 3IEKTPOHHEIX ITap B TEOPHH BaJIECHTHOCTH.

Monekyaa He,. Tenepp MOXHO ITOKa3arh, ITO9EMY JIBYXaTOMHas
monekyira He, HecrabunpHa. Monekynsprele opburamu lso u lso*
o0pa3yroTca myTeM MepeKphiBaHus 1s-opburaneil 1ByX arOMOB IeIus.
Monekyna UMeeT 4eThIpe JMEKTPOHA, CICAOBATENHLHO, JBA M3 HUX €
AHTHIAPATIENBHBIMU CIIMHAMU MOXHO NOMECTUTH Ha 1so-MO. Cneny-
IOIIVH 3JIEKTPOH HeNb3s IIOMECTHTH Ha 3Ty OpOHUTaNb, Tak Kak Oyaer
HapymeH npuHuMn [laymd, ¥ modToMy OH 3aHMMaeT lso*-opOuTams
(cM. puc. 1.7,6). DTO NpHBOTHT K oCnabneHuo (pa3phIXJICHHIO) CBS3H,
0o0pa30BaHHOH mepBOil 3MEeKTpOHHOH Mapoi. YeTBepTHIH 3JEKTPOH C
IPOTHBOMOJIOKHBIM CIHHOM 3aHHMAeT Takxke lso*-opOurtans. Morne-
kyaa He, uMeer oJ[HY CB3b U OFHY «aHTHCBSI3bY», KOTOpPBIE B3aHMHO
YHHYTOXKAIOT Jpyr Apyra. Ha camoM fesne aHTHCBA3bp 1O 3ddekty
MIPEBOCXOAMT CBS3b, T. €. Pa3pHIXIAOIIAs OpOHTANbL Ooee pasphIXJIfeT,
YeM CBS3BIBAIOMIAA CBSI3BIBACT, H 3TO INPHBOAMUT K TOMY, YTO MOJEKY/a
He; mMenee crabuibHa, 4eM JBa OTACIBHBIX aTOMa TETHA.

Ho niycrs oiH U3 aroMoB renust Bo30y»KzeH B 060iiee BEICOKOE COCTO-
ssHAe (HampuMep, ls-2IIeKTPOH MPOMOTHPORaH Ha 2s-opOurtans). Torma
TOJIBKO YTO IPHUBEICHHBIE APIYMEHTHI CTAHOBATCA HEACHCTBHTEIILHBI-
MH, TaKk Kak oOpasylomascs Molekyila OyneT MMeTh KOHGHUIYPAIHio
1so?lso*2s0, Tne 250 — 310 opbHTaNs, 06pazoBaHHas U3 2s-opbHTameit.

1 B nacrosiee BpeMs yxKe paspaﬁoraﬂbx TaK Ha3blBAEMble «OECCITHHOBHIE» CXEMbI KBAHTOBOMH
XUMUH.
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Puc. 1.7. Onexrpounoe crpoenne H; (a), Hes (6) u He. . .He* (s)

Teneps pasprixisitomero s¢dexra ognoro 1so*-anexkrpona Oyner Heno-
CTAaTOYHO, YTOOBI IPEONONeTh CBA3bIBaIOMMIL bdekT 1so? (puc. 1.7,6),
H niootomy Monekyna He. . . He* Gynet cymecTBoBarth, Hoka He OTepsAeT
SHEPTrHIO BO30YXAECHUA MYTEM H3TydeHHs UK B pE3yIbTaTe CTOIKHOBE-
Hus. Honoburle cnabo cBA3aHHBIE BO30YXKAEHHBIE THMEDEI (IKCHMEDHI)
I 6I1aropoHEIX Ta30B U3BECTHEL.

2po- m 2pm-OpbuTanu. Y 5>1eMEHTOB BTOpPOro mepuoma ls-
OpOHTATH CHIIBHO «IIOMXKATH» K a1py (pasa. 1.4.2), U 103TOMY OHM me-
PEKpHIBAIOTCA Y IBYX COCEIHMX aTOMOB MOJIEKYJIBI JIMINE B CNaboii cre-
IIEHH, T. €. BHOCAT MaJIBIi BKJIaJl B DHEPTUIO CBA3bIBaHAA. 25-OpOuTanu
ropaszfo OONBINE U NMEPEeKPHLIBAIOTCA HaMHOIO 3QdeKTHBHEE, [103TOMY
HX PO/Ib B JHEPTHH JIByXaTOMHBIX MOIEKYJ BTOPOIO IEpHOAa OYEeHb
3nagnTenbHa. OnHako KpoMme 2s-opburaneil MOTyT HepeKphIBaTbCs M
2p-opburanu. Takoe IepeKkphIBaHHE HUMEET psill XapaKTepHBIX 0cobeH-
HOCTEH.

Ecnmu mnepexpeiBaroTCs nBe 2p-opOWTand, HalpaBieHHBIE BAOIb
MEXBAICPHOHR OCH, TO ITO MOXET IPHBECTH K HOIOXKHUTEILHOH HH-
TepQepeHIIH X HAaKOILIEHHIO 3IEKTPOHHOH ILIOTHOCTH B MEXKbSIEPHON
obnactu (puc. 1.8,a). OHH MOTyT TaKKe MHTep(EepHPOBATEH TECTPYKTUB-
HO, TOTJla BO3HHUKHET Y3JI0Bas IIOCKOCTh, MPOXOISAIIAS Yepe3 CEPeIUHY
MEXBAIEPHOTO paccTosHus. B riepBoM cirydae obpasyercs CHIIBHO CBS-
3piBaroinast MO, a Bo BTopoM — cuiibHO paspeixiomas MO. Iockonsky
obe 3T¢ OpOUTATH UMEIOT HHITHHAPHIECKYIO CHMMETPHIO OTHOCHTEIIHHO
MEXbAepHOH ocH, ux 0603HaYa0T KakK 2po- U 2po™-MO.

Onnako 2p-opOuTanu MOTYT HepeKpBIBaTbCS M IIO-IPYTOMY, TaK
YTO YBEJIWUCHUE DICKTPOHHON IUIOTHOCTH IIPY IepeKphIBaHUM B da3se
HIM y3€l IPH NEPEeKPBIBaHWH B IpoTHBOtaze HAOIIOmAIOTCs XOTS U
B MEXBIAJEpHON 00nacTH, HO HE Ha CaMOH MeXwInepHOil ocu (bo-
KOBOE MepekpriBanue, puc. 1.8,6). Korma MO obpasyercss 60KOBEIM
NepeKphIBaHHEM p-0pOUTaiiei, OHa Ha3kIBaeTCst T-OpOHTalbI0. CBA3BI-
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Puc. 1.8. O6pazopanue 2po-MO (a) u 2pm-MO (6); 6 — npencka3’aHHOE PacHoNOKEHHE
10 DHEPTHH, 2 — 4acTo HabMoxaeMas NOCIEAOBATENBHEOCTh

BaOmas U pa3phIXJfONas KOMOHMHAIMHM Ha3BIBAIOTCA COOTBETCTBEHHO
2pm- u 2pn*-opbutanamu. O6e st MO cnabee, yeM ¢-opburany,
IIOCKONIbKY HAaKOIUIEHHE JJIeKTPOHHOW ILIOTHOCTH IPOHCXOAMT BIIATH
OT ONTHUMAILHEIX MonoxeHuil. Ilo3ToMy B NpHHIMIE HOJOXKEHHE HX
[0 SHepruu JOKHO OBITH TaKWM, Kak IOKa3zaHo Ha pHc. 1.8,6. Ha
CaMOM XX¢ Jielie OTHOCHUTENBHOE MOIOXKEHUE 2po- U 2pmw-opOuranei
MEHAETCS B 3aBHCUMOCTH OT NPHUPOIEI MOIEKYHBI BCISICTBHE BIMSHHA
3NEKTPOH-3IEKTPOHHBIX B3auMoneicTBuil. Yacto Ooiee mpuemiieMoit
SIBIICTCH KapTHHa, H300pakeHHas Ha puc. 1.8,2. Tounyro mociemona-
TENBHOCTh JHEPreTHUYECKHX YPOBHEH IOIy4JalOoT WIIM NyTEM pacuera,
WM C TIOMOIIBIO Pa3HBIX BHIOB CIIEKTPOCKOITHH.

Cxemarndecku o0OpasoBaHHe 2po- U 2pm-opOUTANSH MOXKHO H300-
Pa3uTh cleayromuM obpazoM:

A—B A—B A B
C@— — —C@ —— OO+ 26-MO
2, 2, ys'e/l
O + O — OF—SD 26-M0
2& 2/‘1,
A—B A—2B A B
§ — % > H 2px2M0
1
28(n) 2/8) y3en

R § gzx—m
%‘“* b — 5
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-s,p-IlepexkpriBanne. IlepexpbiBaHue nByX §-opOUTaNeH HIM JBYX
p-opbutaneil IpUBOAMT K 00PAa30BaHMUIO IIPOYHBIX KOBAJEHTHAIX CBA3EH,
HO ITpU Sp-TIEPEeKPhIBAHKHU 06pazyroTCsi MeHee IPOYHbIC CBsI3H. [1aBHAs
[pYYHHA 3TOTO CBA3@HA CO CIENyIONIMM DpPaBHIOM: HPOYHbLIE KOBAa-
JICHTHBIE CBA3H 00pa3ylorcs npu B3aumoaeiicTBHH AQ npHMepHO
OJHHAKOBOH JHEeprHH.

Kak MBI YBHIMM HIDKE, 3TO IIPaBHIIO NIPHMEHHMO M K B3aHMOIEH-
CTBHIO MEXIly MOIIEKYNIaMH, T. €. He Tolbko K AQ, Ho 1 x MO.

B romosinepHsix Mosnekynax No, O;, F, sHepruu 25-AO 0nMHAKOBBI,
ONMHAKOBHI H 3HepruH 2p-AQ. B rereposiepHbIX MOJIeKynax, HalpuMmep
B CHy4, NH3, H,O, B npusnune Bo3MoxH0 00pa3oBaHHe CBA3EH IyTeM
Sp-1IepeKphIBaHHs, KaK II0Ka3aHo Ha puc. 1.9,a; npu stoM obpasyrorcs
cBa3M o-Tuna. OnHAaKO W3-332 TOTO, YTO S- M p-OpOHTAIH 3HAYHTENILHO
OTIIMYAIOTCS IO SHEPTUH, TAKHE 0-CBA3H JODKHBI OBITH ClTabbIMHU.

BaxxHO IOHATH, YTO CBA3BIBAHHUC HE IPOM3OHIET, €CIM IBITATHCS
IIEpeKphITh OpOMTAllM TaK, KaK II0Ka3aHO Ha puc. 1.9.6. 3mech nBe
OpOUTAITH «IEPEKPHIBAIOTCA» JIMIIL B (POPMAJIEHOM CMEICIE CIIOBA, HA
CcaMOM Xe felle B OflHO# obiactH (CBepXy Ha PHCYHKE) HX aMILIHTyIA
yBeJIM4eHa, a B Apyroil obmacTu (CHU3Y) TOYHO B TAKOM K€ CTCIECHH
yMeHbnieHa. TakuM o6pa3oM, CBSI3bIBAHHE CBEPXY YHHUTOXKAETCS aHTH-
CBSI3BIBAHHEM CHHU3Y, T. €. CYMMApHOTO B3aHMOACHCTBHSA HET.

BO3MOXHOCTE HIH HEBO3MOXHOCTL B3aHMOACHCTBUSA MEXIY IBYyMS
opbUTaIsAMH CBf3aHA C CHMMETPHEH 3THUX OpOHTaned OTHOCHUTEILHO
OJIHOTO H TOT'O & IEeMCHTa CHMMETpHUH. B3anMoaeHCcTBOBaTL MOTYT
OpOMTAIM TOJILKO OANHAKOBOH cummMeTpuu. Ha puc. 1.9,a 06e opbu-
Taay, S U p, CAMMETPHYHBI OTHOCUTEILHO TOPH30HTAIIEHOH INTOCKOCTH,
MpoXomsIelt depes3 MEeXbACPHYIO JHHUI0, a Ha puc. 1.9,6 s-opOurtans
CUMMETpUYHA, a p,-opOuTans antucuMMeTpuyHa. [lo3ToMy B nepBoM
cny4ae eCTh B3aMMOACHCTBHUE, @ BO BTOPOM CIIydae ero HeT.

DIIeKTPOHHAs KOH(HIYpalus ABYXaTOMHBIX MoJeKyJd. Ha
puc. 1.10 cnesa 1 cipaBa MOKA3aHbI 3HEPTETHYECKHE YPOBHM aTOMOB, a
B IEHTPE — DHEPTETUYECKHUE YPOBHH MOJEKYI. DTO YHCTO KadeCTBEHHAs
JUarpaMma, Ha camMOM Jejie JHEPreTHYECKHEe YPOBHH HMEIOT COBEp-
IICHHO OMNpEIeNcHHBIE 3HAYCHHUA [T PA3HBIX MOJEKYI W, €CIH HX
HY>)KHO TOYHO 3HaTbh, OHH pPACCUHUTBHIBAIOTCS METOACM CaMOCOINIACo-
BaHHOTO nonA. OfHaxo U BBISCHEHMS 3JIeKTPOHHOH KoHurypanuu
MOJIEKYJl JOCTAaTOYHO M 3TOH KaueCTBEHHOH nuarpaMmbl. B kauecTse
HMJUTFOCTPaLUH PAaCCMOTPHM MOJICSKY/B! a30Ta U KHCI0opoaa.

A30T1. Monexyna N, uMeeT 14 anekTpoHOB. B OCHOBHOM COCTOSIHUH
IBa JJIGKTPOHA CO CIIaPeHHBIMH CIIHHAMH DPa3MEeIaroTCs Ha HIDKHEH
lso-opburamu. Eme nBa snekTpoHa K HUM IIPHCOSIWHHUTHCS YK€ He
MOTYT M 33aHHMAIOT TO3TOMY CIEAYIONIYIO HH3WYI lso*-opburains.
Crenyromue 4 3MekTpoHa 3aHUMAIOT IIOTIAPHO 2s0- H 250 *-OpOHUTaNd.
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Puc. 1.9. Sp-IlepekpoiBanue Puc. 1.10. Queprun MO 1118 roMosinepHblx
JIBYXaTOMHEIX MOJIEKY/T JIEMCHTOB BIOPO-
IO Hepuoaa

YpoBeHs 2p7 BRIPOXKAEH, OH COCTOHUT U3 ABYX OpOUTaNei, OHA M3 KOTO-
phIX 00pa3oBaHa 2p -IIEPEKPhIBAHUEM, A APYTasd — 2p,-IePEKPHIBAHUEM,
CJIEZIOBATENBHO, 31€6Ch MOXXHO IIOMECTHTE 4 37eKTpoHa. KMTak, Mbl yxe
pa3MecTHid 12 3TeKTpOHOB, OCTaBIIMECS JBa 3aiMyT 2po-opOHUTans.
TaxuM 00pazoM, KOHQUTypaluo MOAeKyasl Ny MOXHO 3aIHucaTh Kak
lso?1s0*?2502250*22pm*2pa?.

s Ha 3TY 3alUCh, MBI YBEPCHHO MOXEM YKA3aTh, CKOJIBKO CBS3€H
yAepKHBAOT atoMbl BMecTe. OpOuTans lso 3amonHeHa M SIBIsETCS
cesi3biBaronei. Ho 3amongenHa Taioke U pa3peixiisionias opourans lso*
M OHa aHHYIHPYET CBA3BIBAOIMUN 3ddekT opbutanu lso. AHaATOrHYHO
KOMOEHCUPYIOTCS U 250 -«CBSI3b» U 250 -«anTucsa3sy. Ho 3amonnennas
2po-CBSI3b HE aHHYIIMPYETCS, TAaK KaK COOTBETCTBYIOMIAs 2po ™ -opOHTams
IIyCTas; TO K€ COpaBeIHBO JUIA ABYX 2pm-cBsizeil. CrenoBaTensHO,
ofI1iee YuciIo CBsI3eil PaBHO TPEM, YTO XOPOIIO COIAcyeTcs CO CTapoi
thopmyitoit azora N=N.

Kucaopoa. Monekyna O, umeer 16 anexTpoHOB, T. €. Ha /1Ba 37€K-
TpoHa Oonbiue, 4eM Mojekyaa N;. OTH JBa 2IEKTPOHA MOT'YT 3aHHMATh
Pa3pBIXIIAIOMYIO 2p7 ™ -opburtans, O, Toraa OyieT UMeTh KOH(UTYPAIHIO
Iso?1s0*22502 2502 2pm*2po?2pr*?. CnenoBaTenbHO, YHCIO CBA3CH B
Monexyrne O, paBHO ABYM, UTO COIIACYETCs ¢ Kilaccudeckoi fopmynoit
0=0. U3 Buaa 3to# K1accu4eckoit opMyIsl MBI MOTIIH OBl 3aKITIOUHTD,
yro ABoiiHas ¢Bg3bk B O=0, xak 0ObIYHO, COCTOHT U3 OJHOM JBYXIJIEK-~
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TPOHHOM O-CBSI3K H OIHOM IBYXAINIEKTPOHHOH 7-cBsi3n. OAHAKO 3TO HE
TaK.

B camoM pneme, 3amajuM BOHpPOC: Kakas W3 JBYX HMEIOINHXCS
2pm*-opburaneit (cm. puc. 1.10) zansra snexTpoHHo# napoi? Oxka-
3BIBAETCS, YTO ITO DHEPTETHUECKUM COOOPaKEHUAM TOpas/o JIydIINM
pasMelienueM spaserca 2p,m* 2p,m*, a He 2p,m*?, Tak Kak B IIep-
BOM cilydae SJEKTPOHEBI JajbIlle OTCTOAT JPYT OT Apyra ¥ IOJTOMY
MEHbBIIE OTTaIKHBarOTCA. Ho Torna 3iexTpoHbl 3aHHMAIOT pa3HbIe M0
IPOCTPAHCTBEHHOMY MOJIOXKEHHIO opbuTanu (opbutanu 2p,w* u 2p, 7~
B3aUMHO NEPNEHAWKYJIIPHBI, T. €. OPTOTOHAILHEI) W mpuHuun [laymu
y)Ke He AeHCTBYeT. /lBa 3ieKTpOHA, PAcIIONIOKEHHBIE O OJHOMY Ha
OpPTOTOHAIBHBIX OpOHTAJIAX, HMEIOT Gollee HU3KYIO SHEPIuio, eciH HX
CHHHBI DapaJuleNbHBI, U O0Jiee BLICOKYIO JHEPIHI0, €CIIM HX CIHHBL
aHTUIApaJIeIbHbBL. JT0 00mIee MpaBWiIo, HOCSIISE HA3BAHUE IIPABHIIA
XyHpa, IpeACKa3bIBAET, 4TO B ModeKylte O; UMEIOTCs [IBa SIEKTPOHA C
napanieasHbIMu ciimHaMd. OTcroza cienyer, uto Monekyna O, uMeer
PE3YNbTHPYIOMIMIT CIIMHOBBIH YIIOBOM MOMEHT, YTO OOYyCIIOBIHBaeT
MarHUTHBIH MOMEHT, T. €. Mosiekyna O, noJpkHa OBITh MAarHHTHOH. D10
TOYHO YCTAHOBJICHO SKCIIEPUMEHTATBHO: KUAKHI KACIOPO IPHTATHBA-
€TCS K MAarHUTY.

HMest 1Ba HecmapeHHBIX BJICKTPOHA HA Pa3HBIX OpOHTANAX, KHUC-
JI0pon, TakuM obpasoM, aeiserca OupanukanoM. Ilostomy wacto nns
onucanus crpoeHust O, uenons3yT Gopmyny O—O. OnHaKo HCOJIB30-
BaHHE 3TOH (GOPMYIIBEI MOXET IPHBECTH K HEIIPABUILHOMY 3aKJTIOUEHHUIO,
YTO ONMH BNEKTPOH NPUHAIIEXHUT JEBOMY aTOMY KHCIOPOAa, 4 BTOPOH,
€ TapaulenbHBIM CIIHHOM, — IpaBoMy aTtomy. Jlydiie HCHOIbh30BaTh
H300paKEHHYIO HIDKE (GOPMYIY, B KOTOPOH AMHUS, COCIHHSAIOIIAs
aTOMBI, H300paxkaeT 2po-opOuTallb, BEPTUKAIHHOM KBa{paTHONW CKOOKOH
u300paxaeTcs 2p,m*-opbHUTab, a FOPH3OHTANbLHON — 2p, " -OpOUTAIIb.
g cpaBHeHHs HIDKe MpuBelneHa Takas ke (opMyia [ MOJEKYIBl

asora;
s R
HOpManbHas Tpoﬁnan CRA3b @-CAA3b + 486 "NoNoBuHHbIe”
T-CBS3N

HpubnmxeHHO MOXXHO CHUTATh, YTO B MOJIEKYIIE KHCAOPOIa UMEIOTCS
TPH CBS3H MEXIY arOMaMH: HOpMaJlbHas ABYXAIIEKTPOHHAS O-CBSI3b H
JBe ciabble ONHOIIEKTPOHHEIE T-CBA3M.
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1.7. TETEPOSIAEPHBIE JIBYXATOMHBIE MOJIEKYJIbI

Ecnm monexyira AB cOCTOUT U3 IBYX PA3HBIX aTOMOB, TO, BO-IIEPBLIX,
pacrpeneneHie IeKTPOHHOH IUTOTHOCTY B HEH CTAHOBHTCS HECHM-
METPUYHBIM, @ BO-BTOPBIX, aTOMHBIE JHEPTETHYECKUE YPOBHH ClieBa U
cripasa Ha puc. 1.10 cTaHOBATCS HEOAMHAKOBBIMU.

CremneHb aCHMMETPHYHOCTH CBSI3H 3aBHCHT OT NMPUPOABl 00pasyro-
IIMX MOJIEKYNMy aToMOB. MOXHO BHIJIENUTE ABA KPaMHUX Cilydas: YUCTO
KOBAaJICHTHYIO CBSI3b M YHCTO MOHHYIO CBsi3b. [lepBas XapakTepu3yeTcs
COBEPLICHHO CHMMETPHYHEIM paclpeleeHHeM JeKTPOHOB, Kak B I0-
MOSIZICPHBIX JBYXaTOMHBIX MOJICKYIAX, & BTOpas — IIOJIHBIM [IEPEHOCOM
9NIEKTPOHA OT OJHOIO aroMa K Apyromy. Torma ¢opMysly MOJIEKYIb
Aydie 3anucats B Buae ATB T, a cBSI3b MeX1y aTOMaMH OITHCEIBATh KaKk
KYJIOHOBCKOE B3aHUMOAEHCTBUE MEXIY ABYMs HoHaMU. IIpoMexyTouHou
MEX]y 3TUMH KPAHUMH CIyJasiMA aCHMMETPHYHOCTH CBSI3H OTBEYAET
TaK HasblBaeMmas IOJISIpHAs CBS3b, VIS KOTOPOH XapaKTEpHO HEMOIHOE
CMellleHHe NEeKTPOoHa OT OJHOTO aToMa K JpYroMy; B pe3yibTare y
OIHOI0 M3 aTOMOB BO3HHKAeT YACTHYHBIM IOJOXUTEIBHBIA 3apsii, a
y JpYroro — YacTHYHBIA OTpHUATENbHbIM 3apsa. [Ipumepom saisercs
moJiekyita HF, koTopyo MoXXHO onucarh Kak HFo-.

CreneHp HONSPHOCTH CBA3M PACCUHUTHIBAIOT MIIH M3 JKCIIEpUMEH-
TaNbHBIX JAHHBIX, HAIIPUMEP H3 JUIIONBHBIX MOMEHTOB, WIH M3 JI€Talb-
HBIX MOIEKYIAPHO-OpOUTANBHEIX pacyeToB. OJHAKO HPUOIM3UTEIBHO
[IOJBIPHOCTH CBSI3€d MOXHO ONEHWTHh M3 TaOIMIBI TEKTPOOTPHIA-
TEJILHOCTH 3JIEMEHTOB, B KOTOpOH CIIOCOOHOCTB aToMa NPUTATHBATH
3MEKTPOHBI 0003HaYaroT YnuciaoM. CyniecTBYeT HECKONBKO TabIul] 3ek-
TPOOTPULATENBHOCTH, HO CaMOW U3BECTHOH sBiaseTcA Tabmuna [lonunra
(tabm. 1.1).

Ta6nuua 1.1
DeKTpooTpHUATEILHOCTD (X) aromoB o [lonnury

H

2,20

L1 Be B C N O F
0,98 1,57 2,04 2,55 3,04 3,44 3,98
Na Mg Al S p S Cl
0,93 1,31 1,61 1,90 2,19 2,58 3,16
K Ca Ga Ge As Se Br
0,82 1,00 2,01 2,01 2,18 2,55 2,96
Rb Sr In Sn Sb J
0,82 0,95 1,78 1,96 2,05 2166

Hpumeuanue. U3 nanHeIx 310# TaGIHILI MOXKHO HPUONHMKEHHO OLEHHTH JUMOIbHBIE MOMEHTBI
U HOHHOCTB cBsizeli A—B no dopmynam: AHnonbHEIH MOMeHT (B [Jefasax) = x A — XB; HOHHOCTD
cBasn (B %)= 16(xa — xB) +3,5%(xa — XB)*-
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B kBaHTOBOMH MexaHuke kaxnasg MO cTpouTcs u3 aToMHBIX OpOuTa-
Jelt myTeM HX JMHelHoW koMOuHanuu. B 00meM, mrobas cesa3biBaromas
MO 3anucsiBaeTCs BRIPAXKEHUEM

Y= Capa + Cpa,

rae (wa M (g — aTOMHBlE OpOUTAIM, [IPU B3aUMOJAEHCTBHH KOTOPBIX
obpasyercs maHHas MoJekynsapHas opburaib, a Ca # Cg — Ko3hdbunu-
€HTEI, C KOTOPBIMHU OHH BXxo14T B 3Ty MO. [lons ¢ B paccMarpuBacMoil
MO paBHa kBanpary xo3bduumenra Ca, T.€. Cy2, a J0I4 pp paBHA
Cg:. o ycnosuio HOpMupOBKH (cM. pasn. 1.3) cymMma KBajapaTos
k03¢ HIMEeHTOB JODKHA OBITh paBHa eUHuUIIE. J{11% 9UCTO KOBATEHTHOH
cBs3n Cy2 = Cgz = 1/2, mockonbky Cp: +Cg: = 1, @ I 9uCIa HOHHOM
ez A'B~ Cp2 =0 u Cg: = 1. Jlng nonsipeoit mMonexynst A% —Bo—
Caz < 1/2, Torma xak Cg: > 1/2.

PaccMoTpuM monspHyro Mojtekyny Ho" —F0~ . Cpssp Mexxny aToMamu
H u F B oT0li MOnekyne obpasyercsa nepexpblBaHueM opburaneit Hls
u F2s, onnaxo xoad¢uimeHTs, ¢ KOTOPHIMH 3TH OpOHTANH BXOAST B
NUHEWHYI0 KOMOMHAIIHIO, B pe3ylbTare KOTOpOH o0pa3yercsi CBA3bIBa-
romas o-MO, He oguHaKkoBbl, a uMeHHO Cy > Cp. CxeMaTu4ecKkH 3TO
MOXHO H300pa3uTh, HCIONB3Ys KKPYKKHY» HIH «BOCEMEPKH» (B CiIydae
p-opOHTaneil) pasHBIX pa3MEpOB; PaAHyChl MOXKHO B3STb IIPOIOPIH-
oHanmpHEIMH Cr M Cy B MOJEKyJe H% —F9~, Torma momaau O6ynyT
nponopiHoHanbHel Cpz U Clyp.

H—F H—F H——F
O— + 0O — 00— s
H1s F2s

HpuBenennas ynpomeHHas cxeMa NOKa3bIBAET, YTO IUIOTHOCTH CBA3BIBA-
et o-opbdutanu B Mosiekyie HF 6ossmie Ha atoMe F, uem Ha atrome H.
B nelicTBUTENBLHOCTH KapTHA CBA3BIBRHUS aroMOB B Mouekyne HF
HECKOJIBKO CJIOXKHEe, MOCKOJIBKY BO3MOXKHO HE TOIBKO NMEpPEKphIBaHUE
s-opOHTaNe, HO U NEpeKphIBaHNe Mexay opbutaiasMu Hls u F2p:

H—F H—F S H—F
O— + —o=o + O—COS(E152p/
Hs F2p

Takoe nepekpbBaHUE YBEIHYMABACT IUIOTHOCTH OpPOHTAIHM MEXIY
atomamu H u F, 4To BeleT K MOHMXEHUIO SHEPruH MoieKyabl. OnHako
B OCHOBHOM cBfi3b Mexny H u F ofecrneunBacTcs nepexkpbiBaHHEM
s-opburaneii (cM. puc. 1.16).
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1.8. TUBPHIN3AIINA H @OPMA MHOI'OATOMHbBIX

MOJIEKVYJI
1.8.1. THBPHJIM3ALIUS

B ciyyae roMosiIEpHEIX MOJIEKYN MBI IPOBOAMIU KoMOHHAIUIO AO
TIONB3YSCH IIPAaBHIIOM, COITIACHO KOTOPOMY Haubolee CHABHO B3aHMO-
JIEHCTBYIOT OpOHTAIN OMUHAKOBOH SHEPTUU. B reteposiepHbIX MOJIEKY-
nax tuna AB sHeprerudeckue ypoBHH aTOMOB A U B HeonWHaKoBEL,
MIO3TOMY TPYAHO ONHO3HAYHO YTBEPKAaTh, Kakue opburtanu 6yayr
xoMbuHupoBaThca. g cinyqas LiH sto nokazano Ha puc. 1.11.

Xots yposetb Li2s nexur 6mmxe k Hls, Ho
He TakK fmajdexk U ypoBeHb Li2p. IloaToMy Bpsn
JH CHpaBe/lTMBO PaccMaTpHBaTh TONBKO CBS3b
Lils—Li2s. Jlyume nomydaercs, €ClH B3STh
JTUHEHHYI0 KOMOHHAIIWIO BCeX Tpex opOuTanei:

¥ = Cy(Li2s) + Co(Li2p) + C3(H1s).

CMBEICI 5TOTO ypaBHEHUS rpapUIecKH MOXK-
HO BBIPa3UTh CIEAYIOIIHAM oOpazoM. Moneky-
nma Li—H nonspras, tak kak atoMel Li u
H ornuuaroTces Mo 3MeKTpOOTPHIATETEHOCTH.
CrnenoBaTenbHO, IIOTHOCTH CBSA3BIBAOLICH O-
opbutanu ces3u Li—H 6-yner Gosbuie Ha aTo-
Me Bopopona. JpyrHMH CIIOBaMH, CBS3LIBAIO-
mas o-opbuTans MO 3HEpruu U mo Qopme
bosee moxoxa Ha ls-opburans Boopona, a 2s-
U 2p-opOuTanyd JIUTHS HMEIOT OTHOCUTENLHO

Lizp
@' Lizs N
om - —— N
SN
\\\§ H7s

A\
AN

LiZs

Puc. 1.11. Oneprernyeckue
ypopau AO Liu H

HebospIIMe KO3 (QHUIHEHTH B THHEITHONK KOMOMHANMHA, YTO YKa3bIBACTCH

MIOMEIIEHHEM DTHX OpOHTaneil B cKoOKH:

Li—H Li—-H Li-H

—O+ (O“") + (O@-*) > §-gpduran

His LiZs Lizp

YtoOBI TOCTPOHTD 0-OpOUTANTH, MOXKHO CHAYalla CrPyIHIIHPOBATH ABE
opbutanu nutus B nBe TuOpunHble opburamu Lik, u Lik,, aMerourne
$bopMy HECHMMETPHYHONW TaHTENH H3-32 TOrO, YTO NPH HAIONKEHHH
cepuiueckd CUMMETPHYECKOH s-OpOMTalH Ha TaHTenaeobpasHyo p-
opOuTans ¢ OHOH CTOPOHB! Y37I0BOH NIOCKOCTU p-OpOHTaNH BOTHOBEIE
dhyHKIHK UHTEPPEPUPYIOT ITOTOKHUTENBHO, & C IPYTOH — OTPHIATENBHO.
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O+ OS —— (O ULik)
O - O —— D (Lik)
Lizs Lizp
Janee MOXHO CUMTaTh, YTO CBA3b 00pa3yeTCa B pe3y/IbTaTe NepeKphIBa-
aus Hls ¢ onnoit u3 rubpunueix opburaieit, 1. €.
¥ = Cy(Li, rubpuauan)+ C,(H1s).

OueBHHO, YTO CB3BIBAHUE OYNET OCYMISCTBIATHCS opOuTansio Lik,,
64mp11as JONS KOTOPOH HampaBieHa B CTOPOHY aroma H:

Li—H Li—H
His LiA

2

AHaNOrM4YHO, aHTHCBA3BIBaOLIan o*-0pburane ceasu Li—H moxer
OBITH OCTPOCHA U3 THOPHAHOH OpOUTAIH IMTHA M 1s-opbHTAIH BOIO-
pona. s 3Toro ucnons3yercst opourans Lisy, MeHbIIAs 1OJS KOTOPOU
HanpasJeHa B cTopoHy aroma H. 310 BeIromHee, ueM cuTyauds, KOraa
B CTOPOHY aroMa BOJIOPOZa HalpaBjieHa OOyibhIas HONs THOPHIHOH
opbuTany, Tak Kak B HEPBOM Cily4ae NMepeKphlBaHue OyAeT MeHblIe U
«aHTHUCBA3B» OyaeT cnabee.

Li—H Li—H Li;—-H
Co— — (._.®) —_— Oo—%—Oo”(LiH)
Lik, His y3en

OTtMeTuM, 9TO B opOUTaNE 0¥ IIaBHBIH BKJIaA BHOCAT OpOHTAIM JIUTHSL,
YTO OTPAXXEHO HA CXEME OTHOCUTEILHBIMHU pasMepaMu AQ.

IIpencrapnenusMu o TuOpUAHBIX AQ B OpraHM4ecKOi XUMHH ITONb-
3YIOTCS OYCHB LIMPOKO, MOCKONBKY IPH 3TOM COXpaHsAETCHA IJIABHAs U
caMag IpHBJICKaTeIbHas 0COOCHHOCTD Teopry MO: CBS3b MEXKIY ABYMS
aToMaMH obpa3yeTcs B3auMOIeHCTBHEM TONLKO IBYX, a He Tpex AO. Tak
3a CYeT YCIOKHEHHUS YIaeTCs COXpaHUTh npocToTy Teopud MO. Bsene-
HHE MOHITHS THOpHIH3aUNK He 00YCIIOBICHO HH MaTeMaTHUCCKOH, HU
¢br3ndeckoil HeoOXOMMMOCTLIO, a TPOIUKTOBAHO JIHITE KEJTaHHEeM HalTy
HauboJee MpoCcToe ONMHCaHKe CBI3K. [ UOpHAHbIE OpOUTANIH TO3BOJISAIOT
[IOJIB30BATHCS [IPEICTABICHHSAMH O JIOKATH30BAHHBIX JIBYXAJIEKTPOHHBIX
IBYXLIEHTPOBBIX CBS3SIX, KOTOpBIE HIPaJd M HIPAIOT OYEHb BAXKHYIO
DOIIb B TEOPETUICCKOM XUMUH. | UOpHIHbIE OpOHUTATH [TOMOTAIOT IOHATh
MIPOCTPAHCTBEHHOE CTPOCHHE MOJICKYJ, HaPUMEp, HOYeMy MOJIEKyaa
BOIB!I HMEET YIIIOBYIO, aMMHaKa — [TMpaMuIalbHYyI0, a MeTaHa — TeTpa-
IMPUIECKYTO KOHQUTYPAIIHIO.
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1.8.2. ®OPMA MOJIEKVJI

sp’-Inopuamzauns. Monekyna merana CHy oGpasyercs U3 oqHOTO
aToMa yriepo/ia ¥ 4eThIpeX aTOMOB BOIOPOIa. B OCHOBHOM COCTOSIHHH
aToM YyITIEPOAa HMMEET 3JIeKTPOHHYKO KOH(HIypanuio 15225%2p%. C
y4eTOM mpaBHiia XyHJAa MOXKHO YTBEPKIaTh, YTO OBa 2p-3I€KTPOHA
pacHosararoTCcs Ha ABYX OPTOTOHAIBHBIX 2p-OopOHTANSIX M MMEKOT Ia-
pasutensHble cruHbl CIEIOBAaTENLHO, B OCHOBHOM COCTOSIHUM aTOM
yoIepona MoXxeT o0pa3oBarh TOJILKO HEHACHILEeHHYIO yactuny CHa,
KOTOpas Ha3bIBaeTCs MeTHWIeHOM. [[eficTBHTENBbHO, METHIIEH U3BECTEH;
3TO KOPOTKOXHBYLIasi, OYEeHb PEaKIMOHHOCHOCOOHas wacTHna (CM.
ri. 5). Yto6sl u3 aTOMa yriiepojia ¥ 4eTHIPEX aTOMOB BOJIOPOJA MOIYYUTh
METaH, HY>KHO CHaJdana npoMoTHpoBats aroM C B BO30yXIEHHOE COCTO-
suue 15°25°2p>, B KOTOPOM Y€ YeThIpe IEKTPOHa (ONHH 25 U TPH 2p)
Oynyr HecmapeHHBIMH. Takoe NPOMOTHPOBAaHUE CBA3AHO C NEPEBOAOM
2s-31eKTPOHA Ha 2p-opOuTallb, JIeXAalyio BbIIle, H TpebyeT 3arparhbi
SHEPrUH, HO 3Ta 3arpara 3aTeM ¢ H30BITKOM KOMIIEHCHpYeTcs oOpa3oBa-
uuem yeteipex CH-caseit merana [C(1s2252p®)+4H(1s) — CHy].

ITpu rubpuausanuy onHO#M s-opbutanu u Tpex p-opbutaneit obpa-
3YIOTCSl TaK HasplBaeMble sp’-rubpumnsie opbutanu (A, hy, hy u hy),
KOTOPbIE 3aITMCHIBAIOTCS CIENYIOMNM oOpa3om:

h =[G +p)+ oy +p2),
=Ll +p)— @y +p2)],
by =416 = p)+ (o, = p),
ha= L1 —p)— oy — )

Yro6hl ONpenenuTh NPOCTPAHCTBEHHOE HANPABIEHHE Sp -THOPU-
HBIX OpOHWTasell, HY>XKHO OIpPENENMTh HaNpaBlIeHHUE BEKTOpa, IPOBE-
JEHHOTO W3 TOYKU IEPECEUCHUS TPEX Y3JIOBBIX IIOCKOCTEH MO THHUU
00J1acTH TIOSIOXUTENLHON HHTEphepeHInH opbuTaael. JTa npoieaypa
nokaszaHa Ha puc. 1.12: 3mect BUIHO TOJNBKO KOMOUHALMIO TPEX p-Op-
ouTaneil, HIMEHHO OHa ONpEIeNsIeT HarlpaBieHne rHOpuaHoi opOHTaTy,
TOT/1a KaK cepHIecKas s-OpOHTAIL MOKET NTUIIb YBEIHYHTh AMIUTUTYLY
opOuTa M B NaHHOM HANPABICHHHU, HO HE U3MEHHTDH 3TO HANpPaBIICHHE,
B pesynberare momydaem, YyTo HalpaBIeHHS MaKCUMAaIbHOW aMILTUTYIIbI
BOJIHOBOM (YHKIHS TaKOBBl, YTO aTOMBl BOMOPOZa JIOIKHBI PAcIo-
JaraThCs B BEpIIMHAX MPABHABHOrO TETpa’Ipa. JTO CODIAcyercs ¢
TETPA3PUIECKUM CTPOSHHEM MOJIEKY/BI METAHA U [IPYTUX MPENeIbHBIX
YIIEBOAOPOAOB.

Takum 00pa3oM, KOHIEIHS THOPHIN3AIMY TO3BOISET ONPEAEIUTS,
e B NOPOCTPAHCTBE JOKAIH30BaHB! MOJEKYMspHblE OpOHTamH, T.e.
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Puc. 1.12. TIpocTpanCTBeHHAs HANPABICHHOCTh Sp° -THOPHAHBIX ATOMHBIX OpOMTAIEH

CBS3BIBACT KIACCHYECKHE M KBAHTOBOMEXAHUYECKUE TIPEACTABIEHUSA O
CTPYKTYpPE COCIHHEHHIA.

TerpasnpuyecKyio KOHGUTYpaMI0 MOXHO IPEANONOXUTh B IS
TaKuX MoNeKyd, kak NHj; mmu H,O. Ho B 3THX ciiy4asx OOuH yron
TeTpasapa B ciyuae NHj u aBa ymia Terpasapa B ciaydae H,O He OynyT
3aHATHL aTOMaMH BOIOPOa. DTH YIIIb! He OyAyT ITyCThIMHE, TaK KaK B HUX
OynyT HaXOIUTHCH HEIOJS/IEHHbIE Maphl 3JIEKTPOHOB CO CHAPEHHBIMH
CITUHAMU:

H H

\ 5 O
N /Oﬂkh
v A

o —
OKCIIEpUMEHT, OAHAKO, INoka3mBaer, uro yron HNH B NHi; pasen
107°, a yromr HOH B H,0-—104,5°, T.e. 5T yriel MeEHBLIE, YEM
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JOMKHB! OBITH B OpaBHIBHOM TeTpadipe (B Merane yron HCH pasen
109,5°). 3to o3mauaet, uyto Tpu cBsish NH B NH; u nee cBssu OH
B H,O memmuoro «momkarsl» apyr k apyry. Ilomkarue obycrnoBneHo
JICHCTBUEM HEMOJENEeHHBIX Nap, KOTOphE B OTVIMYME OT 3JEKTPOHHBIX
nap ceizeit NH u OH He MMET BO3ZMOMKHOCTH «CHATBCA» MEXIY
JBYMS SIpaMHM H I03TOMY, 3aHHMMas Oonbmiod o0beM NpOCTpaHCTBa,
B3aUMOJICHCTBYIOT C JNIEKTPOHAMH C-CBA3EH, OTTanKkuBas ux oT ceds.
B monexyne H,O, kpoMme TOro, OTTankUBarOTCsA APYT OT ApYyra U caMmu
MEKTPOHHBIE Napsl. Hanuune HenoAe e HbIX Nap OKa3biBaeT OrPOMHBII
3¢ dexT Ha IPOCTPAHCTBEHHOE CTPOEHHE U PEAKIIHOHHYIO CIIOCOOHOCTE
OPraHUYEeCKHUX COEITUHEHUIA.

sp*-T'n6puanzanus. B monexyne stuiena (3resa) H,C=CH, npoii-
Hasg cBA3b C=C cOCTOHUT U3 OOHOH o-CBA3H H OXHOH 7T-CBA3H. T-CBA3b
obpa3syercs GOKOBBIM TIEPEKPHIBAHMEM JBYX OIHHAKOBO HArpPaBleHHBIX
YUCTBIX p-opOuTaleil COCeIHHMX aTOMOB YIIEpofa, IPOMOTHPOBaH-
HBIX B cocTosHHe 1s°2s52p®. OctaBmmecs oxHa 2s-opOHTams H JBe
2p-opbWTanH AT TPH DKBHUBAJIEHTHEHIE Sp-THOpHUIOHBIE opbuTaiH, a
ecnau opOHTaTH SKBUBANEHTHB], OHH JOJDKHBI PACIIONaraTbCs KaK MOXKHO
Jlalblile OfHa OT APYIOH, T. €. B ONHOH IUIOCKOCTH o yraoM 120°. Dru
rHOpHIHBIE OPOUTANTH 3aIUCHIBAIOTCS CIEAYIOMIM 00pa3oM:

hl = 1/\/§S+\/ipxa
hy=1/v3s5+V2(—px cos60° + p, cos 30°),
3 =1/V3s — V2(—py cos 60° — pycos 30°).

Cxema 06pa3oBaHUA Tpex Sp*-THOPHAHBIX OpOHTATEl NpHBENEHA
Ha puc. 1.13, rne npu croxeHnH p-opOHTAIM PACCMATPHBAKOTCA Kak
BEKTOPBL.

Takum o6pa3oM, MONEKyJla STHIICHA SBIISETCS IUTOCKO#H U ee IBoMHas
CBS3L MMEET SNIEKTPOHHYIO KOH(MUTYpalHio o272, CTPYyKTypa MONEKYIbI
JTHJIEHA [IPUBENIEHA HIDKE!

(sawrpuxoBans:
rudpudnsie AD)

OnmsuM M3 SKCIEepUMEHTANbHBIX JI0Ka3aTeNbCTB MMEHHO TaKOM
CTPYKTYPHl JTHJICHA SIBISETCS TOPCUOHHAs JKECTKOCTH IBOMHOH CBS-
34, T.€. OTCyTcTBHE CBODOMHOrO Bpamienus Boxpyr C=C-cmasu. D10

47



8y

x

by

/—pxcosb'o + pycos 30°)

¥
% hy
(—pxcosb‘ﬂt’— ;bcos.?ﬂ"}
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Puc. 1.13. OBpasopanue sp*-rubpuHbIX aTOMHBIX OpBHTATEH

00yCIIOBJIEHO TEM, YTO IIPHU BPALICHHH OAHOM METHICHOBOH TpYIIIbI
OTHOCHTEJIBHO APYTOH YMEHBIIaeTCs NepeKpblBaHUE p-OpOHTaNeH, T. €.
ocnabnsercs (a npu roBopote Ha 90° coBceM HcUe3aeT) w-CBs3b. B aTH-
JIGHE DHEprusl m-CBSI3H COCTaBIAET 65 KKaJI/MOIb — 3TO OY€Hb BBICOKUH
6aprep, NPEensITCTBYIONINH BHYTPUMOJIEKYISPHOMY BpPaIEHHIO.
sp-I'mbopuanzammsi. Monekyna aneruieta (atuna) HC=CH ewe 60-
Jiee HeHACBIIIIeHa, YeM 3THJICH. Ee 371eKTpoHHAad CTPYKTypa OIUCHIBACTCS

48



CBA3LIBAHHEM JIBYX Sp-THOpH/IM30BaHHBIX ATOMOB YIIIEPOAa, KaXIbIH U3
KOTOPBIX UMEET [IBe ITepIeHANKYIApHbIE p-OpOUTan:

-cbaze

o sp-rudpudse
9 3auT,
— | puxoBanst
!”////A\\\ ‘\\ f

rudpudnsie A0)

fropas m-class

Eciu x — 0Ch MOJIEKYIBL, TO ABE Sp-THOpHIHBIE OpOUTAIH ONUCHIBA-
IOTCSI CTIENYIOIMMH GopMylIaMH:

1
hy = —ﬁ(s + P

hy = %(s—p».

Hx obpazoBaHue mpencTaBieHo B pasd. 1.8.1 Ha mpumepe MOJEKYIBI
LiH.

sp-Tubpunupie AQ Ha3pIBAIOTCA AWATOHANBHBIMH, OHH HPHIAIOT
MOJIEKYJIaM JTUHEHHYIO QopMy.

L.9. ®OPMA KAHOHNMYECKHUX MOJIEKYJ/ISIPHBIX
OPBUTAJIEHN

I'ubpunHble OpOMTANH XOPOWIO COOTBETCTBYIOT MPEICTABICHHAM
KJIACCHYECKON TEOpHM XWMMYECKOH CBS3H, CONIACHO KOTOPBIM CBS3b
OCYILIECTBIIAETCS [Tapoii 3IEKTPOHOB, JTOKATH30BAHHBIX MEXIY SAPAMH
IIBYX 2TOMOB, 00pa3yIOmIUX CBSA3b.

B pamxax Ki1accHYecKoW CTPYKTYPHOH TEOpUH KOBaJE€HTHAas CBS3b
XapaKTepHU3YETCS CTPOrO ONpeNeNeHHBIM HalpaBI€HUEM B MPOCTPaH-
crBe. C Ipyrod CTOPOHE!, KBAHTOBOMCXaHHYECKHUE PacUeThl IIPUBOIAT K
KaHOHHYESCKUM OPOUTAIIAM, TS KOTOPBIX XapaKTepHa BHICOKAs CTEleHb
JEJOKAJIM30BAHHOCTH: OHH HE TNPHHALIEKAT OTICILHBIM CBA3SM, a
OXBAaTBIBAIOT Cpa3y BCE fAApa WIH OONbIIVE TPYNIBI AACp B AaHHOH
MOJIEKYJIE.

Meran. Ha puc. 1.14 npuBeneHsl KOHTYpPHbIE IHarpaMMBl BOCBMH
MO Monexyiabl MeTaHa: YeTbipe CBS3BIBAFOUIMX () —4) H, YeThIpe
paspexsiomMUX (Ws—1Pg). ITH OpOUTAIH HAIIOMUHAIOT «HAIyBHBIE
IAPUKI.

OHU TONyYeHB! IIYyTEM TaxK Ha3bIBAEMOIO HEAMIHPHUYECKOTO KBaH-
TOBOXUMHYECKOTO pacuera. HIDKHs, «caMas CBA3BIBAIOMIAS» opOHUTamn
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Puc. 1.14. Gopma kanorngeckux MO monexynst CHy. Crioninsie M MyHKTHPHBIE JIMHHA

OTpaKaloT pasHblc 3HaKH BOJHOBOH (yHiuuu. IIpuBeNEHB! BLIYHUCIACHHBIE 3HAYCHHUA

JHEpTHM opOMTaneif. 3HaK «MHHYC» O3HAYaeT BHIUIPHILI 3HEPrHH IPH 3aCENCHUM

OpOHUTAaNH IEKTPOHOM, A 3HAK ILIIOCY — MPOMTPhI JHEPTHH IO CPABHEHHIO C HECBSA-
3bIBAIOLIHM YDOBHEM

1)) OXBarbIBaeT BCE IATH aToMoB. XOTd Ha puc. 1.14 moxazaHo Ter-
padyIpMUecKoe PachojioKeHue cBsA3eil, dopma opburanu 1)) BOBce He
TOBOPUT 00 3TOM. SICHO JIHNIL TO, YTO BCE IATH SIEpP PACIIOIIOXKEHBI
BHYTPH )1, HO BOIIPOC O TOM, KaK OHH PaCIIOIOKEHBL, Ja)Ke He CTABUTCA.
Beiie op6urany 1) pacrnonararoTcs TpY BHIPOXKACHHBIEC 3a[IONHEHHEIE
opburanu ¥y, ¥s, ¥s. Kaxkpas u3 atux opburanel umeeT Mo ORHOHU
Y37I0BOM IUIOCKOCTH, Tpoxozmsueii uepe3 aToMm ymiepoma. Opburans
1y HEMEeT TOPH3OHTAJIBHYIO Y3JIOBYIO IIOCKOCTbh, INEPHNEHIUKYIAPHYIO
IUIOCKOCTH YepTexa; Ha Hell KpOMe aroMa yriepoja JiexxaT TakxKe JBa
aroma Bojopoja (JieBsle Ha yeprexe). OpOUTanb 13 HMEET BEPTUKAIIb-
HYIO Y3JI0BYIO TUNTOCKOCTD, PACIIONIOKEHHYIO B INIOCKOCTH YEPTeXa; B Hel
TaKKe JIe)arT ABa aToma Bojiopona (npassie). Takum o6pasom, opOuTanu
Wy H )3 XapaKTEepHIVIOTCS HYJIEBOH aMIUIATYHOH opOHMTalH cpasy Ha
Tpex aapax: C u Asyx H, xoToppie pacioloXeHsl B Y3JJ0BOH INIOCKOCTH.
Opburans 14 UMEET BEPTHKATLHYIO Y3JIOBYIO IUIOCKOCTh, HEPIEHIHKY-
JUIPHYIO IUIOCKOCTH 9€pPTeXa; OHA TIPOXONHMT Yepe3 HEHTPATbHbIH aToM
yriepona.

Eme BBIIE 10 3HEPIWH PAaclofaralroTcsi TPH BHIPOKICHHBIC pa3-
peixnstomue MO Merana s, ¥, Y7. Kak BugHO 03 pHc. 1.14, gucno
y3I10BLIX IIOBEPXHOCTEH AN 3THX opburtaneit Gosblie, ueM A i;, i
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U 4, T. €. cobmronaercs npaBuio: G6onsire y310B — Beinie 3Heprud. Ho
caMoH pa3peIXJIAIoIEeH ABILETCS OPOUTANE 5, HMEIOLIAS Y3JIbl MEXKIY
Kaxnoi mapoii aromoB yrnepona u Bogopona CHy. Tomsko M3 3cku3za
aToil opbuTann cluemyer TETpadIpHIECKoe CTpOeHHE MeTaHa (cp. ¢
/1), TaK KaK y3JIOBbIE IOBEPXHOCTH OPUEHTHPOBAHBI IEPIECHANKYIIAPHO
HaIpaBJeHUsIM K yriam terpayipa. Takum obpa3oM, Gopma MONEKyssl
Hauboee SICHO BBISIB/IAETCS IPH PACCMOTPEHHK (POPMBI CaMOIl pa3phIx-
asrote MO.

CymiecTBOBaHHE JBYX U TOJBKO IBYX DPa3JIHYAOIIMXCA IO SHEPrHU
3aHATHIX YPOBHEH B MOJIEKy/Ie MeTaHa, HIDKHHH M3 KOTOPBIX COOT-
BETCTBYET OpOHTANM 1), a Bropoii, boliee BBICOKUIA, — OpOATAIAM 17,
113, Y4, UMEET TETKOE IKCHESPUMEHTAIBPHOE 10KA3aTEIbCTBO, COCTOAIIECE
B TOM, YTO y MOJEKyIbl METaHa €CTh JBa IMOTEHIHANa HOHH3AIUH.
[NoTeHIHaNb HOHU3AIUH OOBIYHO HAXOAAT U3 (OTOIEKTPOHHBIX CIIEK-
TPOB, MPEACTaBIAIONINX cO00M OpOHTANBHBIH SHEPreTHIECKUil CIeKTp
JAHHOH MOJeKynbl. POTOIMEKTPOHHBIE CITEKTPH! AA0T HH(POPMALHIO O
TOM, Kakasi SHEprus HeoOXomvMa IJs yAalleHUs DJIeKTpOHa C OIpene-
AeHHoI opOutanu. Hamuume B GOTO3MEKTPOHHOM CHEKTPE IByX IHKOB,
COOTBETCTBYIOIIMX [TOTEHIMAaNaM HOHHU3alMK okoyio 13 u 23 sB!, noka-
3bIBAET, YTO KapTHHA, H300pakeHHas Ha puc. 1.14, BepHa, T.e. BOCEMbB
BAJIEHTHBIX JEKTPOHOB PACITOIOXKEHBI Ha JBYX PA3HBIX SJHEPTETHUYECKUX
ypOBHSIX: MoTeHHHAT 13 5B cooTBeTCTBYET OpOUTANIM 2, Y3, Y, @ TIO-
TeHnualt 23 3B — opbutanu 3. Ecin xe Monekyly MeTaHa OITUCHIBATh C
IIOMOIIEEO0 TMOPHUIHBIX OpOUTANIeil, TO MBI IpHIEM K BEIBOAY, 4T0 Y CHy
JIOTDKEH OBITh JUIG OIMH MOTEHIHAT HOHH3AINH, TaK KaK BCE YeThIpe
CH-cBs3H, 06pa3oBaHHBIE sp -TUOPHAHEIME OPOHTANAMH YIVIEpOAa H
ls-opbutamrgmMu Bogopoaa, J0JDKHEL ObITh paBHOLEHHBIMH.

Taxum oOpa3oM, KaHOHHYECKHE OPOUTANH IPAaBUIIBHO IIPEACKa3blBa-
0T CYIIECTBOBAHUE ABYX OOTEHIUATIOB HOHH3AIMKM METAaHa, HO HE NaT
uHbOpMALMY O HANPABIEHHH CBsI3ell B IPOCTPaHCTBE. 3aT0 TUOPHUAU30-
BaHHBIEC OPOHTATH HETIPABUIILHO IPEJICKA3BIBAIOT BCETO OMH OTEHIHA
HOHM3aLHH, HO JAaIOT HeTKOE IPEACTaBICHHE O T'E€OMETPHH MOJICKYIIEL.
Henp3s ckazars, kakue OpOMTANIM («JIyHILE»; €CIIH LEJIBbIO SBIAETCH
HCCIIEJOBAHHE TEOMETPUH MOIEKYdbl, TO ITONB3YIOTCA THOPHIHBIMH
opOHuTaNaMH, a €CIH HY)XHO BBIYHCIHTH ITOTEHIMAJIbl WOHH3AIHK, TO
KCIONB3YIOT KAHOHHYECKHE OpOUTany. 3aMEeTHM, UYTO TEOPETHKH MOTYT
[IEPEeBOIAUTH KAHOHWYECKHE OpOXTaIH B THOPHIHBIE H 0OPATHO.

UYrobsr 1300pa3nTh opbuTany, MpejacTaBIeHHbe Ha puc. 1.14, Heab-
XOAUMO 3aTPATUTh JAOBOJILHO MHOIO BPEMCHH M MMETh AOCTATOYHEIE
HAaBBEIKK B PHCOBAaHHM, YTO HE BceM poctynHo. [losroMy oObIMHO

' Tpetuit morenuman wonmsaumu CHy HaGmIOnaeTcs B PEHTTEHOMNEKTPOHHOM. CIIEKTPE H
COOTBETCTBYET OUEHb HU3KOH 3HEpruu ls-opOHTaiH aToMa ymiepona.
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Puc. 1.15. Cxematuueckue n3obpaxenus MO monexyinst CHa, TOKa3bIBIOUIME CHMMET-
PHIO H y3JIOBBIE cBO#cTBa opbutaned. Cp. ¢ puc. 1.14

X XXX

HCHONB3YIOT NPHONIMKEHHBlE 3CKHU3bI, [IOKA3bIBAKOIIHE CHMMETPUIO H
y370BBIE CBOHCTBa OpOHTamnel, mpaBuiia MOCTPOCHHS KOTOPBIX OymyT
haHsl B nase 2. Takwme scku3bl s monekynst CH, npuBencHsl Ha
puc. 1.15. Dcxusnele npencrtasieHuss MO mome3Hsl TeM, YTO M3 HHX
SICHO BHAHO, 13 kKakux AO obpasyercsa gannas MO. Taxk, opburanu i
U g 0OpazyroTcs NMyTeM HepekpbiBaHHs B ¢dasze uiu nporuBodase C2s
u yeteipex Hls, opburtanu 1., ¥, 14, a TaKKe OPOUTANH s, g U Y7 —
nmyTeM nepekpbiBanusg opburaneil C2p u Hls. CpaBuenne puc. 1.14 u
1.15 moxa3bIBaeT, YTO 3ICKU3HEIE OPOHUTAIN CHIEHO HCKAXKAIOT pealbHYyHO
KapTUHY, HO CHMMETPHIO M Y3JI0BbIE CBOHCTBA IEPEAAIOT MPaBHIBHO.
ITockonbKy IIpu pacCMOTPEHHUU PEAKIIMOHHOH CIIOCOOHOCTH OpraHude-
CKMX MOIIEKYJ Hac B MEPBYIO Odepenb OYIyT HHTEPECOBATH MMEHHO
CHMMETpHA H Y370Bble CBOHCTBA, B MMOCIEAYIONIUX IIaBax Mbl Oyaem
HCITONIB30BATh ITIaBHHIM 00pa3oM 3CKHU3HBIE OpOHTAIH.
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Puc. 1.16. MO monexynst HF

Honsipuas monexyna HF. Ha puc. 1.16 nana ¢gopma MO mnpo-
cTefinieil nByxaToMHOM rereposigepHoil Monekynsl HF. Ilockonpky Ba-
JeHTHas oOoslouka aTtoMa (pTOpa OIHCHIBAETCS OOHOHM 2s- H Tpems
2p-aTOMHBIMM OpOHTANSIMHM, a aroOM BOXOPONA HMeeT [s-opOuTans,
obuiee 9ucao 00pa3yIoMUXCs MONEKYISIPHBIX OpOHTanell B MONEKy-
ne HF paBHo mstH. Ha derhipex HIKHHMX IO JHEPTHM OpOHTAIAX
1)) —1p4 TTOMAPHO PA3MEIIAIOTCS BOCEMBb 3NEKTPOHOB, NATas opOuTamh
mycras. Ha pucyhke, kpome o0beMHBIX M300paxkeHnit MO, npuBeeHs!
TaKKe 3CKU3Bl OpOMTaneid, HaroIlHe MPEeACTaBIEHHE O CUMMETPHH
" o ToM, kakHe AQO aroma TOpa HCIONB30BaHLI IS 0Opa3oBaHUA
JaHHo# MO.

IBe 3ansThIe opOUTany ¢ Hanbosnbuied sHeprueit (3 u ¥,) ABIAIOTCA
BBIPOXKACHHBIMH; OTO OPOMTANH 7T-THIIA, HO JIEKTPOHHOHN IUIOTHOCTH
y aroMa BOAOpoIa B 3THUX opOuTansx coBceM HeT. OHH Ha3BIBAIOTCH
HECBA3BIBAIONIUMH OPOHTANSMM, TaK KaK HE CBI3bIBAIOT aToMbl H H
F, 1 3aHuMapIide UX 3IEKTPOHbl B KIIACCHYECKOH TeOpHH Ha3blBa-
IOTCSl «HETOJENEHHBIMM I1apaM# JIEKTPOHOB». BaxHas 0cobGeHHOCTh
mostexkynsl HF coctout B TOM, 4TO IDIOTHOCTH BaJIeHTHBIX SEKTPOHOB
pacnpezeneHa 110 MONeKylle HepaBHOMEpHO (cM. c. 42), oHa ropazio
BBIIIE BOKPYT aroma ¢grropa. O6 3TOM FOBOPUT, HalpUMEP, BUJ CaMOU
HU3KOM cBaswBarome MO ) (puc. 1.16), no ¢dopme HarlOMHHArOIIEH
110, B OCTPOM KOHIIE KOTOPOI¢ pacioaraercs AApo aroMa BoAOpoja,
a B TynoM — siipo atoMa ¢Topa. Bo Bcex CBA3BIBAIOIIHX W HECBA3HIBA-
routux opburangx HF o6beM opbutaneit y atoMa ¢ropa Gonbie, 4eM y

53



aToMa BOJIOPO/a, YTO 3KBUBAJIEHTHO OONBIICH 271€KTPOHHON IUIOTHOCTH
y aroma ¢ropa. Takum 06pazoM, MOTAPHOCTE MOJEKYIIbI, BEIpaxKaeMas
dhopmyitoit Hé —Fo—, oTpaxaercs U B (HopMe KAaHOHHYECKHUX MOJEKY-
JSIpHBIX opOHuTanei.

OtmeruM emie ABe ocobenHoctu monekyast HF. Bo-mepsrix, op-
6urans », obpazoBanHas u3z Hls u F2p, nexur Ha 520 kxan/moins
BbllIe cBs3biBarolielt MO );, HO Bcero numb Ha 70 KKaJI/MOJb HHXKE
HECBA3bIBAlOMUX opOuTaneit i3 m 4. 3TO O3HawaeT, YTO OpbOUTaNb
1fnp sBngeTCs cnabo cBs3nBaronieif. [lo cyliecTBy, OHa UMEET Xapakrep
TpeThel HeNnoJAeNeHHON napkl MJIEKTPOHOB ¥ aroMa ¢GTopa.

Bo-BTOPERIX, XOTH HIXKHSA OpOUTANG 1) 06pa3yeTcs nepeKpLIBAHHEM
B ¢aze opburaneit Hls u F2s, camas Bepxuss opburanb s obpa-
syerca u3 Hls m F2p (B mporuBodaze), HO He sABISETCS aHTHUCBA-
seBarouled kombuHanuelt Hls u F2s. DTo cBs3aHo cO CleqyIOmHMH
npuunHaMu. Kak yxke ormeuanock Bwie, cBsizb H—F oOpasyercs
nyreM B3auMopeicTeus He Tonbko Hls u F2s, wo u Hls u F2p.
Jpyrumu croBaMu, IPOUCXOAUT OJHOBPEMEHHOE B3aHMMOACHCTBHE TpeX
opburaneit: Hls, F2s u F2p. OHO npHBORUT K THOpHIHU3ALMH, KOTOpas
O6puta paccmorpeHa B pasznmene 1.8.1 Ha npuMmepe Mosekyinsl LiH.
IlockonbKy (HTOp — CaMBbIil SNEKTPOOTPHIIATENBHEIM 311eMeHT (Tabn. 1.1),
€ro DHEPreTHUECKHE YPOBHH, T.€. YpoBHM AQ, JexaT 3HauMTENbHO
HHXKE COOTBETCTBYIOIMX YpoBHeit aroma Bozopona. Camele Gruskue
o 3Hepruu —ypoBuu Hls u F2p, mostoMy oHM B3auMOAEHCTBYIOT
Haubonee cuiibHO. B pesynsrare ux B3auMonedcTBUS B ¢ase W mpo-
TuBO(aze 00pa3yoTCA COOTBETCTBEHHO OpOHTANH Y, u ¥Ps. Opburams
xe F2s BzammopeiicrByer ¢ Hls cmabo, u B mepBoM mpubimxeHHH
MOXHO CYHTaTh, YTO OHA IIPAaKTHYECKH COXpaHgeT cBolo popmy. IMeHHO
MO3TOMY OpOHTanmbL 1); OUYEeHb MOXOkKa Ha 2s-opOutans atoMma ropa
(puc. 1.16). bomee neranbHO 3TOT BOmpocC pa3bupaeTca B rmase 2
(pa3n. 2.5.1).

MoJjekyanl ¢ HemogeaeHHbIMH napamu: H, O u NH;. B monekyne
Bonel (puc. 1.17) w3 mectu MO 3aHiITO YeThlpe, a [ABE BEpXHHE
cBobonurl. B ormuaume or HF, B H>O Her BEIPOKIECHHBIX YPOBHEH.
Bricuras 3anstas MO sBisieTcs HECBS3BIBAIOIIEH M JIOKA/IM30BaHa Ha
aToMe KHCJIOpOZa, 3TO OIHA M3 «HEMOMeNeHHBIX map». Cienyrmolas,
bonee Huzkas 3aHaTass MO sBIseTcs HACTONBLKO €1ab0 CBA3BIBAKOIIECH,
YTO €e MOXKHO acCOUMHpPOBaTH CO BTOpoli HenoneneHHoH mapoH. Bunno,
9TO0 KUCIOPOA oOnamaer OONbIICH 3IEKTPOHHOM NNOTHOCTBIO, HeM
aTOMBI BOZIOPOAA.

B monexyne NHj; (puc. 1.18) umerorcs n1Be BBIPOXIEHHBIE CBSI3BI-
paromue MO. Briciias 3amsaras MO — odenps ¢1abo ¢Bg3bIBalONIas; OHa
HMeeT ONHY MOJIO, HANPaBICHHYIO OT aTOMOB BONOPOAA, H IO3TOMY
COOTBETCTBYET HEMOAEIEHHON TMape.
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Puc. 1.17. MO monexynst H2O

B monexymax HF, H,O, NH3 BoIcIUMMH 3aHATBIMH MOJIEKYIISIPHBIMH
opbutamsimu (B3MO) snsirorcst opOHTATN 7-THIIA, HECyUIHe HEIo-
JIeJIEHHbIE IeKTPOHHbIE Napbl. CpaBHEHHE 3HEPTHH ITHX opOuTanei
(puc. 1.16-1.18) no3BOASET pacnONOKHUTH MOJIEKYIIBI B CIEAYIOLIUHN PAA:
NH; (—230) >H,0 (—260) >HF (—410 kxan/mons). Takum obpazom,
camas BeIcokas 3Heprus B3MO y monexynsl NHj3, u cienoBareibHo,
MOXHO OXHUJaTh, YTO HENOAEIESHHas Mapa MOIEKYJbl aMMHaKa JOMKHA
HauboJiee Jerko BCTyHAaTh B XHMHUYECKHE PEaKIHA. JTO COTIAacCyercs C
BBICOKOH OCHOBHOCTBIO M HYKIEO(HIPHOCTEIO aMMHAKa M OpraHude-
CKHX aMHHOB.

MoJekydsl ¢ 7w-cBsi3siMu. lIpocTelnell opraHu4ecKkoi MONEKyIOH
TaKoro THMA sBirgerca Monekyna atwieHa H,C=CH,;. IIpu paccMmorpe-
HHH MOJIEKYJ C HEMONEISHHBIMH [TapaMH MBI BHAEIH, YTO HECBS3BIBA-
omHe opburand, Hecymue HernoxeneHHble napel (B3MO), 3anumaror
caMble BHICOKHE YPOBHH SHEPTHMH IO CPAaBHEHUIO CO CBS3BIBAFOILUMH
opburamamu o-csizedl. Ilo aHATOrHH MOXHO HPENMONIOXKUTH, 9TO B
MOJIEKYNe STHJIEHA CaMBbIi BBICHIMI M3 3allOJIHEHHBIX YpPOBHEW Oyner
COOTBETCTBOBATh CBA3BIBAIOIICH OpOUTATM 7-CBS3U. ODTO BHIOHO HA
puc. 1.19.

B $oTO3IEKTPOHHBIX CIIEKTPaX MEPBBIil TOTEHIIHAT HOHU3AIMH 3TH-
JeHa COOTBETCTBYET YIAJICHUIO DIEKTpOoHa ¢ m-opOuTanu. Ecin Boccra-
HaBJIMBATh ATHIICH, HAaOpPHUMeED, IIETOUHBIMU METallaMH, TO MOJIEKyna
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Puc. 1.18. MO monekynst NHj

NPHHUMAET 3ICKTPOH Ha 7 --0pOuTans (cM. puc. 1.19), xoropas sBiisa-
eTca caMolt HU3KOH M3 He3aHATeIX MO, U II03TOMY HOIOJHUTEIBHBIH
3MEKTPOH Ha HEeH UMEeT CaMylo HU3KYIO dHeprumo. ClenoBaTensHo, - |
¥ -opOuTany B 3TWIEHE UMEIOT 0cO00e 3HAUCHHUE: IEKTPOH YHAIALTCS
B TEpPBYIO Odepenb ¢ m-opOHTaly, a NPHHHAMAETCs Ha 7*-OpOWTaib.
AHaJIOTHYHO MOKHO YTBEPXKIATh, YTO B PEAKIIUHU C 3IeKTPOPUILHBIMU
arcHTaMu (HarpuMep, NPOTOHOM) ydacTByeT Beiciias 3aHsTas w-MO
(B3MO), a B peakuuy ¢ HYKICOQHIBHBIMH areHTamMH (HalpuMep, C
AHUOHAMH) yJacTBYeT HWxKHAA cBobonuas 7*-MO (HCMO). B3MO u
HCMO urparoT ImaBHYIO poJib B XUHMHH aJIKEHOB, II03TOMY HX BBLICIISIOT
cpenu apyrux MO. OHu Ha3bIBAIOTCHA ZpPAHUUHLIMU OpOUMAanAMu, a
METOM, OCHOBAaHHBIN Ha HCIIOJIL30BAaHAU OTHOCHTEILHOM INIOTHOCTH Ipa-
HUYHBIX opOuTaied s OpelcKa3aHUsA OTHOCHTEILHOW PEeaKUHOHHON
CIMOCOOHOCTH OPraHHYCCKUX MOJIEKYSI, HA3BIBACTCS Memooom ZpaHuy-
Hblx opbumaned. ITOT MeTO[ BIEPBbIE ObIT NPEUIKEH JIAypearoM
Hobenesckoit npemuu o xumun 1981 . K. ®ykyn. B HacTosmiee BpemMs
OH IIMPOKO MPHUMEHSIETCS s OUEHKH KHUCIOTHOCTH W OCHOBHOCTH
OPTaHHYECKHX COEIMHEHMI, OIMMCaHusl peaki(ui 3aMeiieHus tumna Sy2,
peakuit Juneca—Ansaepa, 1,3-IUMOaspHOro UWKIOTPUCOEAWHEHUS,
ANEKTPOLIMKIMYECKHX peaKIIWid, apOMaTHYECKOTO MEKTPOMHILHOTO 3a-

56



@opma opduraned

e 20
o it

CUMMETUR
(3ckus )

3Heprust  0003na4eNue MO
(kxanfmons)

+535 CHy
* *
, 6
+506 cC CH2
* , G‘l
v e CC
¢ 3
GCHZ
+ 364
*
v——— T
+ 343 ,
— @ (HCMO)
+750
+ 7. .(B3MO)
—230
*
l* WCHZ
~320
—H— GCHZ' cc
-350
——
CH
—407 2
I* KCHZ
~49p
—H— <., Ecn,

-634

Puc. 1.19. MO monekynn! 3TuieHa

57



CUMMETDUR  IHEPrUR odo3nayenue
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Puc. 1.20. MO monexynsr auerwieda. Tpd BhICIIHE pasphIXjsiionide opburanu He
[IOKA3aHbl

MemeHHd H T. 1. Ilpumenenne storo meroma Oyaer pacCMOTpEHO B
COOTBETCTBYIOIIHUX pa3jeiax.

s coenmunenuit ¢ TpOHHOM CBA3BIO, IPOCTEHIIMM [IPECTABUTENEM
KOoTOphIX sBiAeTcs anetwieH (3tuH) HC=CH, uMeercd napa BBIPOX-
nenHplx B3MO u mapa BelpoxzaeHHbix HCMO, cooTseTcIByrOIIME
JIBYM OpTOTOHaJIBHBIM 7T-cBsi3aM (puc. 1.20). B3MO anernnena uMeroT
Oonee Hu3Kyw sHepruio (—260 kxain/mons), deM B3MO stunena
(—230 KKan/MOIB), TOATOMY CICAYET OXKHAATH, UYTO C IEKTPODHUIBHbI-
MU areHTaMH TpoiHas cBA3b OyleT pearupoBarb Xy:e, 4eM JBoiiHas.
DKCOEepUMEHTANBHO JTO J0Ka3aHo I OOJBIIMHCTBA 3ICKTPO(HIOB,
XOTS UMEIOTCS M UCKITIOUEHHUSL.

7-OpbHTanu MOTYT OXBaThIBaTh HE TONBKO J[BA aToMa YIIEpona,
KaK B MOJEKYyJe 3THJICHA WIM aleTHlIeHa, HO TakKe TPH, YEThIpEe UIU
bonsniee YUCI0 aTOMOB. [IpocTeiiuM npuMepoM SIBISIETCS aJUTHIBHAS
cucrema (ALIHIBHBIH KaTHOH, aJTHJIBLHBIH pajiKall WIH aJUIHI-aHHOH),
B KOTOPOH m-OpOHTaH pacnpoCTpaHsSIOTCS Ha TPH aroMma yniepona
(puc. 1.21). B xaTuoHe 3aHATA JHOIb HH3MIAs OPOHTaNb %y, ¥ OHA

58



popma opburaned cumMeTpus 3acenewnocTs
(aneprus dns paduxana) (3cxu3)

(paspexanmowas)

2
Ty @%é%—&c:/ H 8%8

ZEX Y @H H

2 ?cc': +
(HecBaasiBarowas) H_q';ﬁcoﬁfc—'?,(js”\

¥ S22y —_—
Qe HCMO 03MO0 B3MO
wKan
~140 o

i (e n 8.8.&
(cazpifaruan) H (o2 NH —4— 4 4
H B3Mo

Puc. 1.21. 7-MO aJuIMnbHOIO KaTHOHA, paJliKajia H aHHOHA

sprderca B3MO. Crnenyromas opOHTaNE 10, B pajuKaie 3aHITa ONHUAM,
a B aHHOHE — JIBYMS 3JEKTPOHaMH. JTa opOUTaIh HECBABIBAIONIIAS; OHA
MMeeT HYIEeBOH BKIIAJl OT p-OpOHTANM LEHTPAIBHOIO aToMa yriepona
C,, depe3 KOTOPHI MPOXOONT BEPTHKAIbHAS 3€pKaNbHAs IIOCKOCTH
cuMMeTpuHd. Opburane ¢, B alnHIbHOM aHHoHE sBasercs B3MO.
B ciyuae panukana BepXHSAS, 3aHATas OJHHM 3JIEKTPOHOM MOIIEKY-
nsApHasg opOuTanb coxpaneHHo obosnadaercs xkak O3MO (ogHOKpaTHO
3aHATas MOIEKyJIspHas opOuTans). Beicmiasg opOHTAaNb 13 B OCHOBHOM
3NIEeKTPOHHOM COCTOSHHM KaTHOHA, aHHOHA M pajuKaia He 3aHATa.

ITo amanoruy ¢ a/UMIBHON CUCTEMOH, HMEIOUIEH TpU T-opbuTamy,
MOXHO OXHaaTh, 4yTOo B Moyekyne 1,3-OyranueHa Oyner uerblpe -
op6utamu (puc. 1.22). OnHaKO B IPOTHBOIIIOKHOCTE aJUIHITY, KOTOPEIH
CYILIECTBYET B BHAE MalIOYCTOHYMBBIX KaTHOHA, paJHKalla WM aHUOHA,
1,3-6yranuen — 3To cTabuibHas HeHTpalbHasa MOJIEKya.

Monexynspuble opburanu Oojiee NPOTSHKEHHBIX 7-CHCTEM, Ha-
NIpUMep INEeHTAUEHNSIBHOTO KaTHOHA, pajyKana WiId aHuHoHa. 1,3,5-
reKcarpveHa d T. Jl., a Taxke OOIIHe NMPHHIMITBI ITIOCTPOEHUS MOJIEKY-
JEPHBIX w-OpOuTanell m000# NIMHBI, BKIIOYAIONINX HE TOJIBKO aTOMBI
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Puc. 1.22. 7#-MO ans Mosiexynsl OyTaaueHa

yIiIepona, HO H reTepoaroMsbl (HanpuMep, KHCIopox), OynyT paccMoTpe-
HB! B m1ase 2. MonexkynspHble opOuTany GeH301a H HEKOTOPHIX APYTHX
apoMaTHYeCKHX COeNVWHEHHH MoApoOHO 00CyXaatoTCs B Ii1aBe 12.

1.10. OCHOBHBIE IIPEJACTABJIEHHAA O METOJIAX
PACUETA MOJIEKYJISIPHBIX OPBUTAJIEN

1.10.1. METOJ XIOKKE.JIs1

MeTon MONEKYAPHBIX OpOUTaIel BOSHUK B PE3Yy/IBTaTe IPUMEHEHUS
KBaHTOBOH MEXaHHUKH K aToMaM M MoJjekynaMm. TouHoe pelieHHe ypas-
HEHHH KBAHTOBOM MEXAHHKH HATAJKHBAETCS HA OIPOMHBIE MaTeMaTH4e-
CKHE TPYQHOCTH, H B HACTOSIIIEE BPEMS €r0 MOXHO MOIYYHTh JTHUIb JIs
CaMbIX MaleHbKHUX artoMOB. B 1931 . D. XIOKKeNs NpEeIoKHI METON
00Xoa 3TUX TPYAHOCTEH, BBeIsS B KBAHTOBOMEXAHHYSCKHE YPaBHEHUS
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BMECTO HEKOTOPBIX HEpEIaeMbiX YIEHOB ONpEACIIEHHBIE ITapaMETpHL,
xXapakTepusyonue sHepruo MO.

MeTton MonexyaspHeix opburtaneid Xrokkens (Meton MOX) mep-
BOHAYAILHO NMPUMEHSUICH HUCKIIYHTEIBHO AN pacyera w-opburanei
HEHACBHIEHHEIX YITIEBOROPOAOB, HO B 1963 1. oH 6bu1 pacnpocTpaHeH
P. TopmanoM Ha o-OpOHTATH IO HA3BAHUEM «PACHIHPEHHBIM METOA
Xrokkens» (PMX). Meton Xrokkens OTHOCHTCS K UHCHY CaMbIX Npo-
CTBIX CIOCOGOB OLICHKH 3HEPrHd opbuTaineil U arOMHBIX Ko3h HIH-
eHToB. HecMoTps Ha TO, YTO B HacTOsllee BPEMs DPa3BHTO MHOIO
fonee TOYHBIX METOROB, 3HAKOMCTBO C 3THM IIPOCTHIM METOLNOM MOMKET
MOCAYXHATh XOPOLIEH WIIIOCTPalHell KBAHTOBOXHMHYECKOTO criocoba
MBIILIEHHST U TOH (OPMEI, B XKOTOPOH MOJIY4aroTCs KOJIMYECTBEHHBIE
pe3yJIbTaTHL

Bapuanuonnoe ypasnenue. KBaHTOBOMEXaHHYECKOE OIUCAHHE
aTOMOB U MOJEKYJ OCHOBaHO Ha ypaBHenud llpenunrepa (pasam. 1.1),
KOTOpO€e OOBIYHO 3aMUCHIBAETCH B GopMe

HU=EV, (1.1)

rne H — onepatop 'aMuneToHa (TamuisToHHaH); U -— BonHOBas GyHK-
uus (cobcTBeHHas (YHKIMS), ONMUCHIBalollas opburans; E —sHeprus
naHHo# coOctBeHHOM (yHkuuu. CMBICH TakoH 3allMCH COCTOHUT B
TOM, 4YTO onepauus oreparopa / Haj coOCTBeHHOH QyHkuue#d W
OPUBOAMT K BENHYHHE, KpaTHOH cobcreenHoi ¢ynkiyu. Hampumep,
ecny B3sTh He oneparop [ammibToHa, a Oonee mpocToit omeparop
mubdepennuposanus d/dx, To omepauus aupdepeHUHpOBaHMA Haq
cobcTBenHol QyHKumen e, T.e. d/dx(e™), nact ce™, T.e. BEIUYHHY,
KpaTHyro €. D70 3Ha4yuT, 4To € ABAsgeTcs cCOOCTBeHHOH (yHKIMeH
oneparopa d/dx. C apyrofi CTOPOHBI, X He sBIfeTCs COOCTBEHHOMH
dyHkuueit oneparopa d/dx, Tak kak d/dx(x) e xparHo x. Oueparop
I'amunsToHa nmpencraBisieT coboil omeparop 3Hepruu. COBpPEMEHHBIC
MaTeMaTH4eCKHE METOAB! HE NO3BOMAIOT PEUINTE ypaBHeHue (1.1) naxe
I71s1 OTHOCHUTEIIBLHO NMPOCTHX Monekyl. Oanaxo Meronom MOX MoxHO
TOTy4YaTh XOPOIIKME Pe3yIIbTaThl, HE BIaBasACh B MATEMaTHUECKYIO GopMy
H wiu .

Urobrl nonyuuts ¥, KUCHONB3YIOT NMPHOTMKEHME, YTBEpXKIAiomiee,
4TO JMHEHHasd KOMOWHAIMA aTOMHBIX OpOWTaNel /JaeT MONEKYIAPHYIO
opburans (JIKAO — MO). Ilpubmuxenne JIKAO — MO:

=) Cyy(i=1,2,3,...,05j=1,2,3,..,n), (1.2)

rae Cy — xodQPUUMEHT Ul KaXI0H aTOMHOW OpOUTanu y; i — HOMEp
paccMmarpuBaeMoi MO; j — HOMep aToMa B MOJIEKYJIE; 1 — YHCIO aTOMOB
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B MoleKyle. Hanpumep, Ais alUmsUIBHOH 7-CHCTEMB! (1 = 3) 4HciIo 7~
opbHTane# paBHO TpeM (cp. puc. 1.22):

2
122203

~

Uy =Cpyhr + Craya + Cizefs,
Wy = Cop1 + Copthr + Cans,
U3 =C3191 + Caatpn + Ca313

Teneppr HeoOxoouMo HAaHTH HawiIydmve 3HadeHHd Ko3bdHIHCH-
0B C, 4To6sl ¥ OLUIH HAMIYYHIUMU NPHONHMKEHHAMH K pealbHbBIM
opburansMm. 310 nernaercs C IOMOLIBGI0 BapHALMOHHOTO IIPUHIHMIA,
KOTODBIH ITIACHT, YTO JI00ast BOMHOBAs QyHKIHS, HE SIBIKIOUIASICS CTPOTO
KOPPEKTHOH, MPHUBENET K 3HAYECHUIO SHEPTHH, YHCIEHHO OOJIbIIEMY €T0
WCTHHHOH BeMM4HHBL. UTOGBI 3TOT NPHHIMI BEIPA3UTH B MAaTEMATHYE-
ckoit hopMe, HY)KHO clieNiaTh cleayolMe Ipeodpa3oBanus.

1. YMHOXHTE j1eBy10 ¥ DpaByro 4acTi ypasHenud (1.1) ga ¥. Onnn u3
3aKOHOB JICHCTBHIl Ha/l ONEPaTOPaMH YCTaHABIUBAET, 4T0 WLV # L2
e L — HexoTopblit oneparop (Hanpumep, xd/dx(x) # d/dx(x?)). Tlo-
cKonbKy /{ — omeparop, a £ — He oneparop, B pe3yjbTare YMHOXEHHI
MONYYUM

VHE =EU?,

2. I[IpouHTErpUpOBaTh 110 BCEMY IIPOCTPAHCTBY

/ VHYdr=E / Udr,

OTKYa 3HEPIHsl MOJIEKYJIIPHOM opOuTanu

[ UHdr
[ v2dr

ComracHO BapHalMOHHOMY NPUHUMITY, BeJIHYMHA F, NMONydeHHas M3
ypasreHus (1.3), 6onbine ucTHHHOrO 3HadeHus £, 0603HaYaEeMoOro Kaxk
Ey, nockonsky W — 5T0 npubIKkeHHast opbuTans, ToMydeHHass METOZOM
JIKAO—MO.

Taxum 00pa3oM, MaTeMaTHYECKH BAPHAITHOHHBINA TPUHITAI BBIpaXka-
€TCsl ypaBHEHUEM

E (1.3)

_ [9HVdr

UroOst ¥ ObuTla XOpOIIWUM NpUOMMKEHHMEM K HCTHHHOW opOHTanu
(W), nmapamerp C; (B BeIpakeHHM ¥ = Zj C;¥;; ypasHenue (1.2))
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HYXHO BBHIOpaTh TakuM, 4yroOpl £ ObUia HauMeHbIIEH. 3TO MOXHO
clles1aTh, MUHHMH3UPYS. E 1O OTHODIEHHIO K KaXIOMY M3 BO3MOKHBIX
ko3 PHIIIeHTOB:

OF
ac; =0. (1.5
YT06bI NOTYINTH BEIHYHHBI KO3GPUIHEHTOB C; U 3HEPTHIO KaXI0H
MO (E;), onepauuio (1.5) Hy»HO 1IpoBecTd Ha 061el hopme npubmmKe-
uus JIKAO—MO, xotopas naercs ypasaeHHeM (1.2). Taxyim obpasom,
noacranoBka ypasHenus (1.2) B ypasHenue (1.4), eciau OHNYCTHUTH
HHIeKcH () anst MO, naet

& cjw,»)H(; Cpdr Y >k: CiCy [ Hydr
J - J
J& Cj"/)j)(; Cebdr 3 };, CiCy [ Yyndr
J J

E:

IIpumem caenyrolye coKpameHHbie 0003HaueHus:

/ YiHrdT = Hy,

H
[ =ss,
TOTAa
Z Z GGy L
E= e =-. 1.6
zzccksjk y (o
[anee, npumeHsis ypaBHEHHE ( 1.5), nonyiaem
o) 2}
OF Vi —Yag _, (=1,2,3...n)
BC} }’2 1y T et )y
OTKy/I2 IIOCIIE NOICTAHOBKH ypasuenus (1.6) numeem
Ox Oy
— —FE—==0. .
aC, ac, 1.7

Huddepenuupys x 1 y B ypaBHeHuH (1.6) mo C;, nomydum
Ox
9C, = Z 2CxHy,
7k
-2
k

63



U u3 ypasHeHus (1.7)

> CulHp —ESi)=0 (jk=1,2,3...n).
k

JTO0 U €CTh BapHAlMOHHOE ypaBHeHHE. KOHEUHBIM pe3yasTaroM IpH-
MEHEHHUS BapHAIlMOHHOIO IPHHIHUIIA, KOTOPBIH ITO3BOMNSIET PACCHHTATH
ko3¢ duuents! C B ypasHeHud (1.2), ABIseTCsH CHCTEMA TAKUX YpaBHe-
HU#. [ alIHIpHOMH 7r-CHCTEMB], B KOTOPOH j U kK MeHA0TCcH oT | 1o 3 uj
OCTaeTCs MOCTOSHHOM B KAXKJOM OTAEIFHOM YPAaBHCHHH, BADHALIHOHHbIE
YDPaBHEHMS HMEIOT BHJI

Ci(Hyy — ESn) + Co(Hi2 — ES12) + C3(Hy3 — ESp3) =0,
C1(Hy — ESyn) + Co(Hap ™ ESyp) + C3(Haz — ESy) =0, (1.8)
Ci(H3) — ES31) + Co(H3p = ES3p) + C3(Hiz — ES33) = 0.

Cucremy ypaBHeHUH (1.8) MOXHO pemTHTH, COCTABUB CEKYISAPHBII
nerepmuHanT |[Hy—ESj| (yparerue 1.9) u pemas ero 1is BenuuuHs! E.
3atem 3HaucHus £ moacTaBiaoTcs B ypaBHenus (1.8) u onpenensiorcs
Cy. Uuterpansl Hy u S Helb3s TOUHO BHIMUCIHMTE, TaK KAK OHH MOJIY-
YarOTCS CIMIIKOM CIOXHBIMH. Kak pa3 ¢ 3T0ro MOMeHTa ¥ HaYHHAIOTCH
pacxoxueHus Mexy MetogoM MOX u 6oree yrnyOleHHBIMH METOIAMYL.
BumecTo MONBITKY PEIiMTh 3TH MHTErpalibl KAKMMH-TUO0 MpubIvKeH-
HBIMH criocobamMu B Merofe XIOKKENs 3TH HHTETPaibl IIPHHUMAIOT
MOCTOSHHBIMY MApaMeTPaMH ¥ 3Heprus opOUTaIeH BeIpakaeTcs depes
HuX. B mase 2 npu n3noxenuu Metoga BMO B kauecTBe MepEl 3HEPTHHU
MBI OyIeM HCHONB30BaTh MOCTOSHHBIE 3HAYCHMS KYJIOHOBCKOTO {) U
pe3onaHcHOro () UHTErpanos,

Hyy —ESyy Hyp—ESy ... Hy— ES,
|Hje — ESj| = : : =0. (1.9
Hnl - ESnl Hn2 - ESnZ .. Hnn - ESnn

Meton Xmwkkensi. OCHOBHBIE IOJOXKEHHS, Ha KOTOPBIX OCHOBAaH
meron MOX, nmpuMeHSeMBIil IS CONPSKEHHBIX 7-CUCTEM, COCTOAT B
CIeAYIoUIEM.

D) Hy=a

2) Hy = [3, ecnu aToMmBl j U k CBA3aHBI ApYT ¢ Apyrom, H Hy =0,
€CIIM aTOMBI j H k He CBA3aHBI;

3)S;=1;Sx =0 mna j #k;

4) o-CBSI3U JIOKATIM30BAHE], H HX MOXXHO PacCMaTPHBAaTh KaK XKECTKUH
CKEJICT, OKPYKCHHBIN 7-3IEeKTPOHAMHU.

Hurerpan o, Ha3pIBAEMBIH K)YJIOHOBCKUM UHMEZPAAOM, TIPEICTABIAET
cobol sHepruro anexkrpoHa Ha C2p-opbutanu. Ecnim paccMarpuBaTh
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JUIIb YHUCTO YIIIEPOOHBIE CUCTEMBI, TO IIPEAIIOIOKEHUE, YTO I BCEX
atoMoB f1;; ONVIHAKOBBIH, SABIAETCS XOPOIIMM NPHONHKEHHEM; TPH
BBEICHHH B 7-CHCTEMY FETEPOATOMA (v YK€ HeE SIBJISETCS MMOCTOSHHON
BenuuuHoi, iHTerpan 3 00bIHO Ha3bIBAIOT PE3OHAHCHBIM UHMEZDAIOM.
OH mpejcrasiser co0OH 3IHEPrUI0 B3AUMOACHCTBHUS IBYX ATOMHBIX
opbuTaineii Ha cocenHux aromax j U k. [Ipennonoskenne, 94To HHTErpal
0 Bcerzia ONMHAKOB, JOBOMBLHO COMHHTENBHO, TaK KaK B CONPSDKEHHBIX
YTIIEBOAOPOAX CTENEHb B3aUMONEHCTBMS IBYX AQ MOXET CHIBHO
MeHaTsca. Hanpumep, B Oytaguene (puc. 1.23) B3aumMoneHcTBHE MEXAY
IEPBBEIM H BTOPBIM aTOMaMH yDiepoaa OyAeT HHBIM, YeM B3aHMOIEii-
CTBHE MEXNIY IOBYMSI BHYTPCHHHMMH aTOMaMH, TaK KaK JJIMHBI CBSI3EH
MEXIy 3THUMH aTOMaMH CHJIBHO pa3iH4aroTcs.

WuTterpan Sy Ha3bIBaeTCS UHMESPANOM NEPEKPLIBARUA; IS [ = k OH
paged 1. ITockoabKy nisi aroMHbIX opOHTaneit f zbj‘-"d'r = 1 (ycnoBue
HOPMHPOBKH; pas3l. 1.3), nmpeamnosoxenue, 4to S; = 1, BHOOJHE OIpaB-
Aano. OpHako mpeanosoxeHue, uto Sy = 0 and j # k, Hanpumep ans
cocenHMX aTtoMoB (k =j+ 1), coBeplHIEHHO HEKOPPEKTHO (0 pacyeram
Pob6eprca, B 3TOM ciydae Sy = 0,25).

YeTBepToe MpeAnonoXeHHe — 0 TOM, 4TO O -CBI3H JTOKAJH30BAHbI, —
II0-BUJIMMOMY, BIIOJIHE IIPHUEMIIEMO.

Ilocme Bcero ckazaHHOIO OYEBUAHO, YTO B MeTome MOX Hcmons-
3yeTCsl TaK MHOTO COMHUTEIIBHEIX MPENTIOIOKEHHH, YTO OH HE MOXET
JlaBaTh XOPOIIHE pe3yNbTaThl. TeM He MeHee 3TO He TaK: AJNS 7-CHCTEM
pPacCYHUTAHHEBIE CBOMCTBA OYEHb XOPOLIO COITIACYIOTCS ¢ SKCIIEPUMEHTOM.
Hccnenoanus, npoeeneHuble M. [IproapoM, rokasand, 4To 3TOT (paxT
00YCIOBIEH yHaYHBIM B3aHMHBIM COKpalleHHeM OHIMOOK, a TaKKe
XapaKTepOM MOJIEKY/I, K KOTOPBIM 3TOT METOJ IIPUMEHUM (COIIpPKEHHbIE
T-CUCTEMBI).

Hcnoneiys npeanonoxenus XIOKKeIs, Ul aJUTHIBHOH 7T-CHCTEMBI
n3 ypaBHeHu# (1.8) u (1.9) monyyaem

a—F Jé] 0
8 a—FE g =0.
0 Jé] a—FE

Jens va 8 u npunuMas

YIIPOLLIAEM 3Ty MaTpHLY:

—
=
s
1
<
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Hanee 3ToT meTepMHHAHT pazduBaeM Ha (2 X 2)-JleTEpPMHUHAHTHI IIyTEM
CYMMHPOBaHHS [IPOU3BEIEHHH KaXKAOTO YWIeHa BEPXHETo pajga Ha MHO-
XUTEIb, KOTOPBIH OIpPEACIIeTCs HPABUIOM: MHOXKHTEID j-TO YWICHA €CTh
JAEeTEPMHHAHT, TOJNYYEHHBIH IIyTeM YIaleHHs j-U KOIOHKH H BEPXHETO
psjla MarpHIbL:

x 1 0

x 1 1 1 1 x
1 x 1 =x1 —1'0 +O|O .
0 1 x x x X

3ameTHM, 9TO YeTHBIE WIEHH! IPH pa30HeHUH MATPHIbl BCEra JO/DKHEI
ObITh oTpHIarensHEl. JlerepMuHaHT THA (2 X 2) pemiaeTcs NpOCTBHIM
MEPEKPECTHBIM YMHOXKEHHEM H BEIYHTAHHEM IIPOU3BEASHHI:

=x’—1.

x 1

1 x

B pesynbrare nonyyaeMm ypaBHEHHE
x(x — 1) — 1(x)=0,
otkyma x=+v23, 0 u —v2.

Takum 00pazoM, 3HEPTUU aUTHIBHBIX 7-OpOHTaNeH, H3MepeHHEIE
OTHOCHTENIFHO HECBA3BIBAIOINEIO YPOBHS ¢, OyAyT HMETh 3HAYCHHUs
V23, 0 u —\/iﬂ, r.e. 1,418 u —1,4153. OrMerumM, 49TO 3TH DHEPIUH
ouYeHb OJI3KHU K BeTMYHHAM, PACCIMTaHHBIM METOOM Bo3MYyeHuit (1,5;
Ou —1,5; cm. puc. 2.11 B 1. 2).

OO6mas sHeprus 7-31EKTPOHOB AJUIMIBHON CHCTEMBI ONpEACIseTCs

BBIPAKCHUCM
E’n’ = E niEl')
i

TI€ h; — YUCIO JEKTPOHOB Ha opburany i. CirenoBaTelasHo,
[t KaTuoHa Z~e Er =2(a+V20),
g pagukaita £~ Ep=2(a+ V28 +a,

I aHHOHA £~ Fp=2(a+ V28)+2a,

71 MHOXHTENb 2 COOTBETCTBYET JBYM JIEKTPOHAM Ha JaHHOH OpbHTa-
4. HammomuuM, 910 o 1 J -— OTpULATEeNbHEIE BETHIHHEL.

Duepruio crabuinusanuu (AE;) B pe3yabrare CONPSKEHHS MOXHO
OIICHUTH CPABHEHHEM C DHEPIHed JOKaTH30BaHHOM CHCTEMBI C IIOMO-
B0 ypaBHEHUS

Eox = nr(a+ )+ nija,
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[AE Ay — YHCJO DJICKTPOHOR HA ABOHHBIX CBSI3AX (VIS aJUTUNBHOM cHUCTe-
MEI #,; = 2), @ n; — 9UCJIO HEMOACIEHHBIX 3ICKTPOHOB (U aLTHIIBHOIO
karuoHa — 0, 1ma pagukama— 1, nus anyoHa — 2). Takum odpazoM, s
BCEX TpeX YacTHIl — KaTHOHA, Pa/IiKalia i aHHOHA —

AE; =E; — Enox = 2(V2 — 1)3=0,828.

KosddpurmeHTs! MOXHO ONpENeNUTh IT0OJCTAHOBKOH COOTBETCTRYIO-
MUX 3HaueHWit £ B BADHAIMOHHOE YPAaBHEHUE C IPHMEHEHHEM YCIOBHA

HOPMHPOBKH
d ci=1.

I[JUI AIUTMIBHON CHCTEMBI BapHallHOHHLIC YPABHCHHS UMEIOT BHUJ

Cix+Cy=0,
Ci+Cx+C5=0,
C, +Cx =0,

rae x=\/2—, Ou —v2. Ecntux=— 2, TO

—V2C)+ =0,
C,— \/§C2+C3=O,
C2 - \/EC::,:O.

H3 nepBoro ypaBuenus C, = V2C.
IToncTaHOBKOH BO BTOPOE YPaBHEHHE HOTYyUYHM

C1 = C3.
Ycnosue HOPMHPOBKH Ja€T
2 2 2 _
C+C+Cl=1.

CrnenoBarensto, Cy =1/2, C; = 1/\/5 uCy=1/2.
Taxum 06pa3oM, HUXKHsIS OPOHTANE ANTHIABHON T-CHCTEMBI UMeET B

Wy = 1/29+1/V24 + 1/243.

Pemenns mmst x =0 M x = /2 JaloT IBe APYTHE a/LIAIBHbIE w-opOH-
TAJH.
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1.10.2. PASBBUTHE METOJOB PACUETA
MOJIEKYJISAPHBIX OPBUTAJIEHN

Meron Xroxkens Owut paszpaboran B 1931 . C Tex mop nosiBHIOCH
MHOTO JpYTHX KBAHTOBOMEXaHHYIECKHX METON0OB pacueTa CBOUCTB MOe-
KYIl, OCHOBaHHBIX Ha TEOPHH MOJEKYApHEIX opbuTaneil. OcobeHHO mu-
POKO pacuye€THbIE METOJB! CTAIH UCIIOIB30BATHCA B IOCTIEAHUE TOIBI, YTO
CBS3aHO ¢ MHTEHCHUBHBIM Pa3BHUTUEM BBIYHCIUTEIIBHON TEXHUKH U pas-
paboTkoi BBICOKOI(D()EKTHBHBIX MAaTeMaTHIeCKHX aaroputMoB. B Ha-
CTosllIee BPEMsl pacueThl MOJIEKy/d MOCTEIIEHHO CTAaHOBATCS BCe 0oiee
JIOCTYTIHBIMH U HEOOXOIUMBIMH B paboTe XMMHKA-IKCIEPUMEHTATOpA.

PacueTHble METOOBI JEIATCS HA OBE TPYIIBL HeIMAUpUUECKUe H
noayamnupuveckue. st IPOBEAEHUS CTPOrO HEIMIIMPUUYSCKHUX pacye-
TOB TpeOyeTcs JIHIIL 3HAHUE BETHYHWH HECKONBKUX (YHIaMeHTaIbHBIX
($H3HYECKHX KOHCTAaHT: NOCTOsHHOU [ljaHKa, CKOPOCTH CBETa, MacCH
M 3apsAna dexTpoHa U sinep. OHaKo HEIMIIMPHUECKHH pacueT Tpebyer
HoaBpIIMX 3aTpaT MaIMHHOrO BpeMeHH. HeaMnupu4IecKue MeToAbl H3-3a
KOJIOCCAJBHBIX 00BEMOB PAacyeTOB NIPHMEHHMBI TOJNBKO I MOJIEKYI,
conepxxamix 15-20 aromoB u 100--150 anexrponos. s pacuera bonee
CIIOKHBIX MOJEKY/ IPUMEHSIOT IOTY3MITHPUIECKHIE METO/IbI, K KOTOPEIM
MO>XXHO OTHECTH M PacCMOTpEHHBIH BbiHe MeTop XIoKkens. B momy-
SMIMPHUECCKHUX METOAAaX HEKOTOpBbIE HWHTErPajabl HE BBIYHCIAIOTCS, a
OepyTcs Kak IapaMeTphl, KOTOpble KaauOpYIOTCS JUIS aTOMOB PAa3HBIX
anementoB (H, C, O, N u . 1.) Tak, 9yro0Bl MOJYYHIOCH HAMITy4Ilee
COBIaJICHUE PaCCUMTAHHBIX CBOMCTB ¢ 3KcmepumeHTOM. Hampumep, B
MeToNle XIOKKeJIs TAaKUMH rapaMeTpaMu SBISI0TCS HHTErpansl o ¥ .

Meton Xrokkens (MOX), a Takke Tax Ha3bIBAEMbIA PACITMPEHHBIN
meron Xrwokkens (PMX), npemnnmoxennsiii P. [opmanom B 1963 1. nus
pacyera He TOJIBKO 7-, HO B o-opOuTaneH, peacrapisiior coboi Hanbo-
Jiee YIPOIEHHbIE TOIYIMIHPHYECKHE PacueThl, B KOTOPBIX ITOIHOCTBIO
npeHebperaoT B3aUMOJACHCTBHEM MEKAY Pa3sNUYHBIMH 3IEKTPOHAMU,
BXOIIIIMMHA B COCTaB MoJekyisl. [lpyras rpymma pa3paboTaHHBIX B
HACTOsAIIEE BpeMs IMOIYIMIIHPHYECKUX METONOB (B 3Ty IPYIIy BXO-
mar u3BectHbie Metonsl. CNDO (Jx. Ilorut, 1965), nmpuromusiii ams
pacdeTa OUIOJIBHBIX MOMEHTOB, JUIMH CBf3€H, BalXGHTHBIX YIIIOB, CH-
JIOBBIX KOHCTaHT M cnekrpoB SIMP; INDQO, npucmocobnenHsiit nis
pacdeta criekrpos OIIP u reomeTpun moznekys: U paaukanos, ¥ MNDO
(M. Oeroap, 1975), npuMeHsAeMBIi A5 pacyeTa TEIUIOTH 00pa3oBaHHs,
MOTEHIHAI0B HOHW3AIIHH U JUIHH CBA3€eil) OCHOBAaHA Ha IMeopu camoco-
enacogannozo noaa (CCII), npennoxennoi B 1927 r. JI. Xaptpu H 3areM
ycoBepuieHCTBOBaHHOH B. A. doxom. Ha mepBoit cTyreHm pacyera
o Xaptpu— ®oKy BBIYMCIAIOT BOJIHOBYIO (YHKUHIO (OpOWTaNs) st
KaXX[IOTO 3IIEKTPOHA B NaHHOM MOJIeKyIe. 3aTeM YUUTHIBAIOT BIHSIHUE Ha
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OIMH IEKTPOH YCPEAHEHHOIO BO BPEMEHH PacIpeeeHHs 3apsana Beex
JIPYTHX JMEKTPOHOB (M AAEp) U TaKUM OYTEeM INONYdYarT YIyYIIeHHYIO
BOJIHOBYIO (DYHKIIHIO 3TOTO 3JEKTPOHA. DTOT IPOLECC HOBTOPSIOT VI
BTOPOTO 3MEKTPOHA, TPETHETO M T. J1., I0Ka HE NOJydaTcs yIy4IIeHHEIE
BOJIHOBbIE (QYyHKIUH it BCeX 1eKTpoHOB. [lonyuus Habop Takux yoyd-
weHHbIX QyHKUuA (opbuTtasneil), X BTOPHYHO YIYHIIAOT IS IEPBOTO,
BTOPOTO, TPEThEro JJIeKTPOHA M T. A. PacdeT TaknuM MeTOAOM IocCie-
JOBATEILHOTO MPHOIMKEHHU MPEKPAIIAIOT, KOTAa BOIHOBBIE (DYHKITUH
[IEPECTAIOT U3MEHATHCA NIPH OUEPEIHOH ONepaluy yIydIleHHs.

Meron Xaprtpu— Doka HCHONLIYETCS H B HEIMIIHPUYECKHX pac-
yetax. J{ns ero mpuMeHeHHs HeoOXOAMMO HMETh CTAaHIAPTHBIM Ha-
6op 6azuchHbx GyHKUMH (opbuTaneil) /sl KaXXIOro aToMa, KOTOPBIH
3aBHCHT TOJIBKO OT aTOMHOIro HoMepa Tak, Ui Kaxkgoro aroma H
B Monekyine OyaerT onud OasucHbll HaOop, M kaxnoro C— mpyroi
U T. I. B npocreiiinieMm BapHaHTe pacyeTa UCIOAL3YETCS MHHUMAILHEIH
0a3uc, IMPH KOTOPOM YHCJIO aTOMHBIX OpOUTaIe OCTAaTOYHO JHUUIb [
pa3MenieHus BceX €ro eKTpoHoB. IlomyueHnsle TakuM oOpazoM Mose-
KyJsIpHBIe OpOHTanu OYyQyT KeCTKO OIpaHHYCHHBIMH, CKOBBIBAFOIIIMMH
cBoOONY IBIDKEHHS AMeKTpoHOoB. [Ipu pacmupernuy 6asucHoro Habopa
aTOMHBIX opburaneit (HanmpuMmep, NPU BKIIOYEHHH B HETO [OMHMO s-
u p-opburtaneil Taxke U d-QYHKIUH) YHACIO PeryTHPYyeMBIX Ko3hdu-
IHEHTOB B BApHALIHOHHOM YPaBHEHHUH YBEIHYHTCS, YTO OPHUBEAET K
6osiee mprueMIIEMOMY NPEICTABICHHIO MOJIEKYISPHEIX opburtanei. [Ipu
OYCHb NIMPOKOM Oasmce MonyyaTcs «PIACTHYHBIE» OPOMTAIIH, IMOYTH
He CKOBBIBAIONIHNE JBHXXEHHE IEKTPOHOB. B pesynsrare MOXHO OIH3KO
TIOJIONTH K TIpeely, KOTOPHLA Ha3slBaeTcs npederom Xapmpu— Poxa.

OnHako maxe IpH XOpOmIeM, NMPaBUIILHO BBIOpaHHOM 0a3uce BHEp-
THH Monekyl, paccuntanusle MeTogoM CCII (oTHOCHTENBHO 3HEpIHit
siiep U DIEKTPOHOB — OOBIYHON TOUKU OTCUET2 B KBAHTOBOXHMMYE-
CKMX pacyerax), Bcerma Ooblle 3KCIIEPHUMEHTANbHBIX 3HAYSHHH. DTO
CBS3aHO € TEM, YTO YUYHTBHIBAETCS TONBKO YCpEOHEHHOE BO BpPEMEHH
JNIEKTPOCTATHYECKOE B3aUMOICHCTBIE MEK Y 3neKTpoHaMHu. Ha camom
JeJie IBHKEHHe TH00T0 3JIeKTPOHA KOPPEIHPYET C IBHKEHUEM JIF000T0
JIPYroro AIIEKTpOHA, HAXOMSAMIEroCs B €ro OKPEeCTHOCTIX. Ecid Ha
OpOHUTANAX OKOJNIO ONHOIO sApa HAXOIATCS JBA 3MEKTPOHA M OJUH M3
HUX PAacHONOXeH BOMM3M sSApa, TO BTOPOH AIEKTPOH UMEET MEHBINYIO
BEPOSATHOCTh HAXOAUTHCS BONM3H SIApa I10 CPaBHEHHIO C 3TOH BEPOSTHO-
CTBIO B OTCYTCTBHE ITIEPBOIO 3eKTpoHa. Takas KOppensuHs ABHKEHUS
MEKTPOHOB (INEKTPOHHAS KOPPENAIsA) YMEHBIIaeT 3JIeKTpocTaruie-
CKO€ OTTAIKMBAHHUE MEXIY NEKTPOHAMH U CTa0HIM3HPYET MOJICKYIY.

JUid ydeTa 3HEprUM 3MIeKTPOHHOH KOppessluH dYame BCEro IpH-
MEHSIOT MEeTOI KOHGUIypanuoHHOro B3aumosedcTsus. Ha opOuransx,
MOJIYYEHHBIX MeToAoM XapTpu— DoKa, IEKTPOHBI MOXHO Pa3MECTHTh

69



no-pasHoMy. OInpezneiaeHHOe pa3MelleHHE 3IeKTPOHOB M0 OpOHTaXAM
Ha3bIBAETCA IMEKTPOHHOM KOH$HTrypanveil. OCHOBHOMY COCTOSHHIO
MOJIEKYIBl COOTBETCTBYET EKTPOHHAs KOHGHUTypanus p. B 0OBIIHBIX
MOJIEKyJaX B JJIEKTPOHHOH KOH(HUIypaluy 1y BCE 3IEKTPOHHI pacno-
JIOXKEHB! NMapaMH Ha HM3mHX opOutansgx. IIpn Bo3OyxiaeHUH OTHOTO
3/IEKTPOHA BO3HHKAET OMHOKPATHO BO30yX/eHHas KOHQHUIypalus, pu
BO30YXIEHHUH ABYX 3JIEKTPOHOB — IBYKPATHO BO30Y)X1eHHas KOHGHTY-
pauus U T. 4. JIuHelHas koMOMHaUMsI HeBO3OYXKICHHOH U Pa3IUIHBIX
BO30Y>KIEHHBIX EKTPOHHBIX KOH(HIYpalMil JaeT NONHYIO BOTHOBYIO
(YHKITMIO MONEKYIBl, B KOTOPOW YXe yJYTeHa IHEPIus IJEKTPOHHOH
xoppensaiuy. IIpu ydere Bcex BO3MOXHBIX KOH(Hrypauuid (B pamkax
JaHHoro GasucHoro Habopa) MOKHO NMPHUHTH K Ipeneny MOJHOTO KOH-
(DUrypaniOHHOTO B3aMMOJIEHCTBHS.

Hmxe npusenena kapra Xerpe—Panoma—Illnaiiepa—Ilonna, Ha Ko-
TOPOH MOKa3aHb! MYTH yy4iIeHHs pacdeToB Moeky:l. Pabora xuMuxa-
TEOPETHKA MPOBOJUTCS B paMKaxX IEHTPaldbHOTO NON4, KOTOpoe Ha
KapTe 3amTpuxoBaHo. [IpocTeiimas Moness MONIEKYIIPHBIX opOHTaNei
nonydaercsa MertogoM Xaprpu—®oka ¢ MUHUMAIbHBIM 0a3HcoM. Yiryd-
meHHe 6azMcHOro Habopa COOTBETCTBYET NBHKEHHIO [0 KapTe BHHS.
JBIOKEHHE cleBa HalpaBO COOTBETCTBYET YIYYIIEHHIO ciocoba ydera
3EKTPOHHOI Koppensuun. MccnenoBaHus BeAyTCs 10 IIyTH YIyqIIeHUs
wim basucHoro Habopa, WIH BIEKTPOHHOH KOPPENAIHH, HIH TOIO M

LPYToro.

TlonHoe
Xaprpu-PoK |  YnysiweHue anekTpoHHOW KoppessiLtuy KOHQUrypauuoKtoe
> B3avMonencTBuUe
o
o
@[S .
= ©
QI’ I
El RS
K=
=&
Nl x
i d
3
v
Hpeanshbi | fpegen TouHoe petene
Ba3ncHblit {ﬂaanenm
Habop XapTpu-Poka penuHrepa

Merton, yka3zaHHBIH Ha JHarpaMMe TOUKO# B, HaxomuTcs Ha Oosee
BBICOKOM TE€OPETHYECKOM YPOBHE, YEM METOHA A, MOCKOJIBbKY TOYKa B
MO0 CpPaBHEHUIO ¢ TOYKOH A nexuT npasee 1 Hke. OJHaKO MeETOx
Ha Oomee BHICOKOM TEOPETHYECKOM YpOBHE He 00S3aTeIBHO IacT
fonee TOYHBIE DPE3YAbTAThl pacueTa KOHKPETHBIX CBOMCTB MOJIEKYIL.
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Yacrto Gosee TOUHBIE Pe3yiasTaThl MONY4YaroT MerofoM Gosiee HH3KOIo
TEOPEeTHYECKOTO YpOBHA (A), 4eM MeTonoM 0oJice BBICOKOIO YpPOBHs
(B). B xaxOoM KOHKPETHOM CIIy4ae B COOTBETCTBHH C HMeEROLIeHcA
JOKyMeHTaluel BBIOMpAlOT TOT METOJ{ pacdeTa, KOTOpbi Hauboiee
aJIeKBaTEH MMOCTABICHHOM 3a7aye.

1.11. CHAPMBAHUE ATOMHBIX OPEHTAJIEHA
1.11.1. TEOPUS BAJTEHTHBIX CBA3EH

Teopuss Monekyaspaeix opOutamed, Kak Mbl BHAENH, SBISETCH
€CTECTBEHHBIM DACIPOCTPAHEHHUEM Ha MOJEKYIbl T€X HIEH, KOTOphIE
cHayaja OBUIH MCIIOIBL30BAHBI AT OOBSCHEHHUS IEKTPOHHOTO CTPOEHHUS
aToMoB. OHAKO MOJICKYISIpHO-OpOUTANIEHAS TEOPHS CTPOCHHS MOJIEKYH
HCTOPHYECKH He Oblia MepBOM; MPOCTO OHA OYeHB OBICTPO Pa3BHIIACH
13-32 TOTO, UTO €€ JIerde NpUCIIOCOOUTH A8 pacueToB Ha OBM, uem
apyrue teopun. Micropudecku repBoit Obia meopus eaieHmHbIX ceazell,
KOTOpas UCIOJIb3YyeTCsl U B HACTOSIIEE BPEMSL.

B omiuynre OT MeTOna MOJIEKYIApHHIX opbuTasieil ocHOBHas uaes
METOJa BAJICHTHBIX CBSA3€H COCTOMT B NPENIIONIOKEHHHM, UTO aTOMHBIC
opOuTany B MOJEKYNE B H3BECTHOH MEpe COXPAHSIOT CBOIO MHIMBHIY-
ansHOCTH. BonHOBas GpyHKIMS MHOTOIEKTPOHHON MOJIEKYJIBI CTPOUTCS
IyTeM CHapuBaHHUs OpOHTaIedl OTHENBHBEIX aTOMOB, & MOHATHE «MOJIe-
KyJIsIpHast OpOHUTAIE» B TEOPUH BAJICHTHBIX CBsI3eH POCTO HE HYXKHO.

B kadecTBe mnpHMEpa paccCMOTPHM I[IPOCTYIO MojeKkyly BeH,.
B ocHOBHOM cOCTOSIHMM aroM Be MMeeT 3JIeKTpOHHYIO KOH(HUTYpalHio
1522572 (pazx. 1.4.3). B xuMryecKux CoeNUHEHHSIX OepuUIMi NByXBa-
JIEHTEH, MO3TOMY €ro BAaJIGHTHBIE DIIEKTPOHH! (Ha YpoBHe ¢ n = 2)
HYXHO pacnapuTh Ha opburanu 2s u 2p. CaemoBaTeNbHO, DIICKTPOHHAs
KOH(HIYypalus BaIEHTHOTO COCTOsHHs aToma Be Oyner 152252p. Takum
06pasom, B 06pazoBaHUN XUMHYECKHX CBs3elt B Monekyie BeH, yuacrt-
BytoT yerhipe BaneHTHele AO: {Be2s, Be2p u Hyls u Hpls} (unmexcel
A ¥ B cOOTBETCTBYIOT pa3HBEIM aToMaM BoAopoAa). COBOKYITHOCTH BCEX
AQ, t.e. {Be2s, Be2p, Hyls u Hpls}, Ha3uiBaercs konghuzypayueil.

IHonnas BonHOBas QyHKIHS MOJEKYILl BKJIIOYAET JBE YaCTH: KOOP-
JUHATHYK0 U CHHMHOBYIO. COTIIaCHO TEOPHH, KOOpIHHATHAsA BOITHOBAS
¢$yHKUHA 3anHCHIBaeTCS Kak nponsBenenue AQ:

PP =[Be2s(1)][Be2p(2)}[Ha 1s(3)][Hp 15(4)],

rae uupoil B KPYIIBIX CKOGKaxX OTMEUEH YCIOBHBIH MOPS/IKOBBIA HOMED
KaXJIOTO 3JIeKTPOHA.

3arem 1H*°°PA HYKHO YMHOXHUTH Ha CIIHHOBYIO BOJHOBYIO (QYHKLIMIO
™M yt1o TpelyeT 0YeHb IPOMO3AKUX Are0pandeCcKUX BHIYMCICHMA.
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CyTb COCTOUT B TOM, YTO HEOOXOOUMO M3 N 3IEKTPOHOB, y4acTBY-
IOOMX B 00pa3oBaHMM XMMHYECKHUX CBA3eidl B MONEKYJiE, COCTaBUTH
N /2 xombunanuii nytem cnapupanus o- ¥ S3-cnimHos. Ho pasOuenue
MOJIEKYIISPHBIX /IEKTPOHOB Ha I1aphl, BHYTPH KOTOPBIX CIIAPUBAIOTCS
CIHHBI, MOXKHO OCYIECTBUTHL MHOFMMH cmocobaMu. B cnyuae BeH,
BapHaHTOB pa3bUeHUs TpHU:

Be

HA - -~

3-}-1-(\1 2: 4 (1)

« B
/7""7\'?'&\ (1) (IIpSIMBIMH HJTH M30THYTHIMH JTHHHAMH
! -
3\H;J=—//I 4 coennHeHsl AQ, ciapeHHEIe B TaHHOH
ap BaJICHTHOM CTpyKTYype)

Kaxxmomy BapuaHTy pa3bueHUd COOTBETCTBYET (YHKIUS, Has3bIBa-
eMas eanenmuo-cesasron (BC), WM IPOCTO 8areHMHOU CMPYKMYpOU.
YHClIo BaJICHTHBIX CTPYKTYp (1), HOCTATOYHOE JUIS OMHCAHHA MHOTO-
3NEKTPOHHBIX MONeKyl 1o ¢opmyne ['aiitnepa—Pymepa, coctasiser

N!

(D (EF+HY

rae N —YHCIO CHApHBAIOMIMXCS BaJeHTHBIX opOutaneit. Jna BeH,
N =4, r.e. n = 2, 4 CIHCHOBATE/BHO, U3 TPEX BA/IGHTHBIX CTPYKTYpP
HY>KHBI TONBKO ABe. Kakue sxe u3 atux cTpykryp BHbpars? C MaTeMaTi-
YECKOM TOUKY 3peHUS 3TO Ge3pa3iiiHo, HO XUMHK, O€3YCIIOBHO, OTACT
npeanoutrenue crpykrypam (1) u (II), Tak kax 06e cxeMbl crlapuBaHusg
aTOMHBIX OpOuTanedl TpadUYeCKH JIETKO OTOXICCTBIAIOTCS C KIac-
CHYECKOH CcTpykTypHOIl Qopmynoil H—Be—H. Crpyxrypy II MoxHO
paccMaTpHBATh KaK «MOJIEKYTY BOJOPO/A ILTIOC aTOM OepHILINs», HO He
kak coenuHenns BeH,, nockonnky B Helt atomsl H 1 Be He cBsi3anbl.

n—=

H., Be .-H

b P S

Torna nonHas BonHoBas QyHKLMS MosieKyas! BeH; npumer Bug
Ypc = POPH(Crd) + Cubh),

rae unjaekc BC o3Hadaet, 9yTO pacyeT NMpOBOAMICA B pPaMKax METOHA
BaJIEHTHBIX cBs3ei. AToMHble opburtany Be2s m Hyls u aromusie
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opbutanu Be2p a Hpls B crpyxrype (I) HaspiBarorcs crapeuHbimu.
B crpyxrype Il cnapenwm opbutann Be2p—Hgls u Be2Zs—Hgls, a B
crpykrype Il — opburamu Be2s—Be2p u Hyls—Hpls.

1.11.2. MHOI'OCTPYKTYPHOE OIIUCAHUE 2JEKTPOHHOI'O
CTPOEHMA MOJIEKY.1

DJeKTPOHHOE CTPOEHUE MOJIEKYI B psflie CIydaeB He yOaeTcs yao-
BIAETBOPHUTEIbHO MEPENATh C IIOMOIIBI0 OOBIYHEBIX KJIACCHYECKHX CTPYK-
TypHbIX hopmyn. Hanpumep, knaccudeckue popmyinst H—F unmn Na—Cl
SIBHO HE/IOCTATOYHBI IS IOHUMAaHUs CBOMCTB ATHX COeIUHEHMA. YTOOb!
CKOMIIEHCHPOBATH 3TOT HEJIOCTATOK rpapuueckux GopMys, UX pa3HBIMU
criocobamMu MoaudHUKpyoT. Hanpumep, BAJIEHTHBIN IITPUX 3aMEHSAIOT
Ha CTPENKY, MOKAa3hBAIOIIYIO HANpABICHHE CMEHIEHHS JIIEKTPOHHOMN
napsl, ¢ yKa3aHHeM JacTHYHBIX 3apAI0B, BO3HHKAIOMIMX HA aToMax:

H" — F.

[IpuBeneunas ¢opmyna nonsapHoi Monexkynsl HF sBnsieTcs npume-
POM ONHOCTPYKTYPHOTO TpadHIeCcKOTO H300pa>KeHHs] CTPOEHHUS MoJie-
KyJ, U1 KOTOPBIX KJIACCUUYECKHH BAJICHTHBIH IITPHX HE BIIOJIHE J0CTa-
toueH. B xmaccuueckoit dopmyne H—F BaleHTHBIH IITpUX OTpakaer
TUIb DIABHOE OTHOIIeHWe mexnay atomamu H u F, a uMeHHO TOT dakr,
uro H u F B monexyne HF cBs3aHbl 0-CBA3BIO, HO OH HE OTpakaeT
CYIIIECTBCHHOIO CBOHCTBa 3TOH CBS3M — €€ NOIIPHOCTh. BTOpBIM BO3-
MOMHBIM CIIOCOOOM OTOOpa)KeHHs MONSPHBIX CBOHCTB Mojekyinbl HF
MOXET OBITh MHOTOCTPYKTYPHOE ONHUCAaHHE STOH MOJIEKYIHI C TOMOILBIO
JIBYX TNIPEAEIbHBIX CTPYKTYP, — KOBAJICHTHOX H HOHHOH:

H-F < HF .

KOBaJIeHTHas HOHHAA

OboronoocTpast cTpenka MeXay KpaHHHMH CTPYKTYpaMH O3HadaeT He
PaBHOBECHE MEXIY KOBAJIEHTHOH CTPYKTYpPOH W HOHHOW mapoit (Xors
HF npeficTBUTENIbHO JIETKO MOHW3UPYETCH B PAacTBOPAxX), a TOIBKO TOT
(bakT, 4TO UCTHHHOE EKTPOHHOE CTPOCHHE 3TOW MOJIEKYIIB! SBIIAETCS
CPEAHHM MEXIY YHCTO KOBAJEHTHBIM H HYHCTO HOHHBIM. (MoXXHO
BBIYMCINTh, YTO HOHHOCTHL cBs3u H—F cocramnser mpubmau3urensHO
40%.)

MHOToCTpyKTypHOE 1300paxeHHe CTPOSHHSI MOJIEKYT BIICPBHIE BBET
B xumuro JI. IlonuHr, mocTpouBmIMil TEOpHIO pe30HaHca, KOoTopas
0co0eHHO MIHPOKO MPHUMEHANACh B OpraHM4Yeckod XuMHH B 30-50-x
rogax. CorlacHO TEOpHH PE30HaHca, B TeX CIydasx, KOTHa CTpOCHHUE
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MOJIEKYIIBl HEBO3MOXKHO C AOCTATOYHOM CTEIEHBK) TOYHOCTH OIMCATH
OJTHOH KJIaCCHYECKOH CTPYKTYpoOii, OepyT Apyrue BO3MOXKHBIE AT JIaH-
HOM MOJIEKYTbI KIACCHYECKHE CTPYKTYPBI, HabOp KOTOPBIX HA3LIBAETCS
KEHOHUYECKUM WIH pe3oHaHcHbim. Cynepno3uus (HafsoKeHHe IpyT Ha
Ipyra) TaKUX KIACCHYECKHX CTPYKTYP IPHBOJHT K TaK Ha3bIBAEMOMY
«pPE30HAHCHOMY FHOpH/Y», KOTOPbIH U OTPAXaeT MCTHHHOE IMEKTPOH-
HOE CTPOCHUE MOIEKYJIEI.

I'maBroe TpeGoBaHue, KOTOPOE HH B KOEM CIydae HENb3s HapyulaTh,
COCTOHT B TOM, YTO BO BCEX KAHOHHYECKMX CTPYKTYpax IOJIOXKEHHE
aiep B MOIEKyJe OCTaeTcsi OJHHM U TEM JXe, T.€. KAHOHHYECKHE
CTPYKTYphl HE OTIMYAKTCS OJHa OT JPYrod IMHAMH CBS3€H WIH
YDIaMH MEXIy CBA3SIMH; OTIMYHE COCTOUT JHHIb B pPacilpe/ieIeHHH
3neKTpoHoB. Ho B peanbHBIX MOJIEKYIax IPU H3MEHEHUH IEKTPOHHOH
KOH(UTypauuH NODKHA 00s3aTelbHO U3MEHUTHCS U KOHQUIyparus
spep. OTcrona cueyeT, 4To HU OJTHA OT/IeNbHAs pe30HAHCHAS CTPYKTYpa
HE OTBEYAET pEeaJIbHO CYUIECTBYIOUIEMY COCTOSHHIO MOJEKYJNbl H He
MOXeT OBITH TaK, YTO MEX/1Y OTIACIbHBIME PE3OHAHCHBIMH CTPYKTYPaMu
OCYLIECTBISIOTCH OBICTPBIE CIOHTAHHBIC IEPEXO/IEL.

Husxe nprBeeHbl HEKOTOPBIE IPUMEPHI PE30HAHCA MEXY KaHOHH-
YeCKUMH KJIACCHYECKHMH CTPYKTYpaMy OPraHHYECKUX MOJEKYH.

Genson; (c'rpym-ypu Kexyue)
\/
@
uwmuan docdopa R,C-PR3HR2C=PR3
® @

030H O - O e O - O

ZNe /N -/ \. /N
o o0 O o0 o0 o0 0—O

(UBATTEP—HOHH) (Gupanuxamn) (uskam)

& e O &) 53] o
arasomerad CH;=N=N < CH,—~N=N « CH;—N=N

o 0 0%
SHOMAT-HOHH Ry —C< HR2C=C<R'

O «pe3oHaHCHOM TUOpHAE» KaK 3aMeHe KIACCHIeCKOH (JOpMyIIbI
HMEEeT CMBICT TOBOPHTE JIUIIE B TOM CJIYYAe, €CJIH IS JAHHOH MOJIEKYIIb
MOXHO TIPEACTaBUTH [ABE XUMHUUYECKH OAMHAKOBBIE MJIM ITOYTH OJHHA-
KOBBlE KaHOHHUYECKHE CTPYKTYphl. Hanpumep, ctpykrypsl Kexyie mis
0OeH30J1a XMMUYECKU «BBITVISIAAT» COBEPIICHHO OJUHAKOBO H NO3TOMY
B «pe30HaHce» paBHONpaBHEL. C APYroit CTOPOHBI, coefrHeHus IV u
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V Henp3s CUMTaTh PE30HAHCHBIMH CTPYKTYpPaMH, TaK KaK 3TO XHMHYe-
CK{ pa3Hble BEIIECTBA, KOTOPHIE MOXKHO Pa3leNdTh [0 TeMIepaTypam
KUIIEHHS WM XPOMaTOrpapHIeCKHMH METOIaMH.

H,C HG
N/ N\
AN N/

av) %)

Teopus pe3oHaHCa BO3ZHHKIIA B PE3yibTaTe Pa3sBUTUA CTPYKTYPHOH
TEOPHH, KOIZla CTaJ0 SICHO, YTO 3NEKTPOHHOE CTPOCHUE MHOIHX MOJIe-
Kyl He yAaeTcs YIOBJICTBOPUTEILHO OIMCATh Ha SI3BIKE KIIACCHYECKHX
CTPYKTYPHBIX opMyiI. MOKHO 3aMETHTh, YTO MHOTOCTPYKTYPHOE OITH-
CaHHe HISKTPOHHOIO CTPOEHHS MOJIEKYII Uepe3 KaHOHHYecKHe (hopMyITbl
YAMBHTENHHO OXOKE Ha NPEICTABIIEHHE IOIHOH BOTHOBOH (DYHKITHH B
METOJIe BAJIEHTHHIX CBS3eH 4epe3 KOMIIOHEHTHI, KaXKJIOMY M3 KOTOPBIX
COOTBETCTBYET OIIpe/IeNICHHAsd cXeMa cllapuBaHus opburaneil (cM. pasn.
1.11.1). Ha aTOM OCHOBaHHHM METOA BaJICHTHHIX CBfA3EH HEPEIOKO pac-
CMaTpHUBAIOT KaK MareMaTHdeckoe 000CHOBaHHE TEOPHH pe3oHaHca. Ha
CaMOM e JIeJIe aHAJIOTH MeXy TEOpHEeH pe30HaHca U TeOpUeH BaJICHT-
HBIX CBs3€H CBsi3aHa TOJNBKO C OOINEH METONMKOHN pelleHHs] HayYHBIX
3ajaq, KOIla NPUXOAUTCA KAaKOe-TO CBOMCTRO MM SIBICHHUE pa3ilaraTh
Ha KOMIIOHEHTHI, peajlbHOCTh KOTOPHIX BOBce He oOs3arensHa. [Ipm
MHOTOCTPYKTYPHOM ONHUCAHUH PEalbHYI0 MOJEKYIY «pa3nararor» Ha
(DUKTHUBHBIE «PE30HAHCHBIE CTPYKTYPBI», @ B METOJIe BAJICHTHBIX CBsi3ei
[TOJTHYIO BOJHOBYIO (PYHKIIMIO Pa3iararoT Ha (HKTHBHBIE «KOMIIOHECH-~
TBD, KOTOPBIM MOTYT OTBEYaTh ()UKTHBHBIE PE30HAHCHBIE CTPYKTYPHL.

PaccmorpuM npuMeHeHHe METOAa BAJICHTHRIX cBA3EH foree moapob-
HO Ha IpHMepe MOJIeKylTbl OeH3oua, Hauas ¢ ¢opMya Kekyne VI u VI

A A
FFjB F B
E C E C
\A N\
D D
Vi VII
Ecnu aromsl yrnepoma mnoMeTuTs Oyksamu A, B, ..., F, a =-
3JIeKTPOHBl — IHppamMu 1, 2, ..., 6, ToO OOHY H3 7-CBSI3CH MOMKHO

3anucars kaxk A(1)B(2)+A(2)B(1), nockonsky ¢GOpManbHO OHA MO-
nobHa OTHENbHOH MOJeKyile 3TuieHa (paccMaTpUBAIOTCA aroMbl A
u B, cBazaHHble 2p7-snekrpoHaMu). Bropas nBoWHas CBA3b — OTO
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C(3)D(4)+C(4)D(3), a tpetbs — E(5)F(6) + E(6)F(5). O6mas BonxoBas
(hYHKLHS 119 KEKYIeBCKOH cTpyKTyphl VI umeer Bua

Yc = [ADBQ2) +A@)BO)][C(3)D(#) + C(4)D(3)]
x [E(5)F(6) + E(6)F(5)].

(CormacHo TeOpHH BOJIHOBBIE (DYHKIIHU BaTEHTHBIX CBS3EH NEPEMHOXKa-
JOTCSL.)

Crpykrypa Kekyne, npencraBneHHas Takod (pyHKIMeH, HaKITaABIBAET
OTpaHHYCHHS Ha pacipe/ieNeHHue pr-3IeKTPOHOB: OHA HE MpeyCcMaTpy-
BaeT HaKOIUICHHUS p7-3IEKTPOHHON IJIOTHOCTH MEXIY He CBSI3aHHBIMH
T-CBA3bI0 aroMamu ymiepoza (Hampumep, mexay B u C). Iloaromy
BOJJHOBYIO (YHKIHIO «YIYUILIAKT», CYMMHPYS €€ C BOIHOBOI QyHKIHel
KEKYJIEBCKOH CcTpykTyphl VII:

¥=vgc+¥Be-
Torna nonygaercs 6oJiee peaIHCTUYHOE OIMCAHUE MOJIEKYIBI OeH301a,
IMOCKOJIBKY JUI CTPYKTYphl VII BOMHOBasg QYHKIHSA CONEPKHT HIEHBI
B(1)C(2)+B(2)C(1) 4 t. 1., KOTOPHIE B COYETAHHUH C WIEHAMH BOJIHOBOH
byHKUMH w]\BIIC JIar0T [MPaBO TOBOPHTE O PACIPEACICHHH pr-31eKTPOHOB
o BceMy konblly. KomOunarys wglc " 1/1]‘3”01 IPUBOAMT K YMEHBUICHHUIO
PacCUUTaHHOM SHEPTUM MOJIEKYJIBL.

TloMHMO KekyneBCKHX CTPYKTYp B PE30HAHC BKIIOYAIOT TaKXKe
cTpykrypsl Jlptoapa VIII—X. Pacuer noka3bIBaeT, YTO HAMJIYYIIHM 00-
Pa30M 3HEPrus MOJIEKYIbI OEH30IIa COITIACyeTco C pealbHBIM 3HAaYCHUEM,
€CJIH [OJIOXKHTD, 9TO BKIIA] KOKIOH cTpYKTYphl JIbioapa coctasmiseT 6%,
a xaxjon cTpykryps! Kexyne —40%.

O
m X X X X
(PoOpMy bl fuloapa WOHHbIe opmynbl

OpHako JIE70 HE OrPaHUYMBAETCSA PE30HAHCOM JIMIIL KOBATEHTHBIX
crpykryp Kexyne u Jproapa. Hy)HO y9UTBIBATE TAKXKE H BKIaJ HOHHBIX
crpyxryp tuna XI u XII, KoTopeix Tak MHOTO (0COOCHHO AT MOJIEKYII
fomee CIOXKHBIX, YeM O€H301), 4TO HX TPYAHO AAXKE IMPOCTO HAIHCATh,
HE IPONYCTHB HU OJHOH. .

B mpuBeneHHol cxeMe pacdeTa UCHONB3YIOTCA NMATh KOBANEHTHBIX
CXeM CITapHBaHuA opOUTaeil: IBe cTPYKTYpHl Kekyne u Tpu cTpYKTYpHI
Jlproapa. JTo ABISETCS AOCTATOYHBIM 0a3ucoM, TaK Kak 1 GeHzosa
YHCIIO BaeHTHRIX p-AQ paBHO mectH (N =6, U ClIeJ0BaTe/IbHO, YHUCIIO
HE3aBUCHUMBIX cXeM cnapuBauus n = 6!/[3141] = 5). Onnako ecTb M
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ApYyTO# crocob pacyeTa MOJIEKYIbl OSH30/1a, B KOTOPOM HCIOIb3YETCS
AMILb ofiHA CTpYKTypa Kekyre U weThipe CTPYKTYPhI C «IepeceKaroiiu-
MHUCS CBA3SIMUY.

o O Qg B &

Popmynbi ¢ ' nepeceKanimummca can?’ﬁmuf’ .
{lecTU4AEHHLIA LWAKN NNOCKHMA WM BCE 'CBA3M
NEKAT B ANOCKOCTH 3TOMD  UMKAa)

3apaHee He ACHO, KaKoit 13 HabOpOB CTPYKTYp NpPUBENET K pa3syMHBIM
C XHMHYECKOH TOUKH 3peHHs pe3ynsTartaM. st Momekynsl 6eH30ma Xu-
MHYECKH IpeNrouTUTeNeH Habop u3 cTpyKTyp Kekyse u Tpex CTpyKTyp
Hrroapa (eciu HE yIUTHIBATH HOHHBIE CTPYKTYDHI).

Onnaxo nipu H3o0paxkeHHH OeHzona dhopMynoit

©

MeCTa Ul TEOPHH PE30HAHCa B ApOMATHYECKOM PAAY YXKE HET.

Taxum obpasoM, OA TEPMHHOM «TEOPHS PE30HAHCA» B HACTOSILEE
BpeMs He TNOApa3yMeBaeTcs Hud4ero Oolee, KpoMe ONpeAeleHHOro
cnocoba HanHCaHHA CTPYKTYPHBIX (GOpMYII.

PesoHaHCHBIE CTPYKTYpPHl HE BBITEKAIOT M3 KBAHTOBOH MEXAHHKH,
a B 3HAYUTENILHOH CTENEHH BHIOMPAIOTCS WM HHTYHTHBHO, WJIH Ha
OCHOBAHHHM MMEIONIErocsl oneiTa. Hanmpumep, B KeTOHAX JJIMHA CBS3H
C=0 paBna 1,22 A, a B CO; —ncero 1,15 A, T.e. OMKE K JJIHHE
Tpoitnoii ces3u C=0 (mo pacuery 1,10 A). B Teopuu pesonanca 31o 00b-
SICHAETCS HEJOCTAaTOYHOH TOYHOCTEIO KIIAacCHIECKOH popmynsl O=C=0
U BBOJATCS HOHHEIE CTPYKTYPBI C TPOMHOHM CBSI3bI0 (MOHHOKOBAJIECHTHEIH
pe3oHaHC):

@ o © @
0=C=0 < 0=C-0+0-C=0

B opraHmveckoil XMMHM CYUIECTBYeT PSA MOJIEKYN, KIIACCHUYECKOE
CTPYKTYpPHOE OITMCAHHE KOTOPHIX HAaTalIKHBAETCH Ha CEPLE3HBIE TPYI-
HOCTH. DTO OCODEHHO OTHOCHTCSI K MOJIEKYJIaM, COAEepPKAIIHUM KpaTHbIe
CBA3M H HENOJeNeHHbIe SIIEKTPOHHBIE Mapbl ¥ aTOMOB, COCEOHHX C
KpaTHBIMU CBSI3AMHU. {711 TaKHMX MOJIEKYJ] IPHUMEHSIOT Kak OTHOCTPYK-~
TYpHOE OIIMCaHHEe C ITOMOIIBIC GOPMYIT CO crpefikaMu (cM. 1. 2), Tak
W MHOTOCTPYKTYPHOE OMHCAHHE PSAOM IIPeaelbHBIX CTPYKTYp. B arToi
KHHUre B OCHOBHOM Mbl OYIIEM HCIIONIB30BaTh (POPMYIIBI CO CTPEIKAMH, HO
B HEKOTOPHIX CIIy4asix OyJeT MPUMEHATHCS TAKKe U MHOTOCTPYKTYPHOE
OIIHCaHHE.
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2.1. VEKTPHYECKHUE CBOMCTBA MOJIEKYJI A
MEXMOJIEKYJISAPHBIE CHAJIbI

BoJbUIHHCTBO OpraHUYECKHX BEUIECTB IIPH OOBIYHBIX TeMIlepary-
pax SABISIOTCH >XMIKMMM WM TBEPABIMHM TeJIaMH. JTO O3HAYaeT, 4TO
OTAeNbHBbIE OpraHWYecKHe MOJEKYNbl IPHTATHBAKOTCH JPYT K HPYTY.
TBepnble KpUCTAIUIMYECKHE BEIIECTBA, COCTOSILHE M3 KOBAJIEHTHBIX
MOJIEKYJ, 06pa3yIOT MOJIEKYJBIPHEIE KPHCTAIIB!, B KOTOPEIX MOJIEKYNHI
WIM TPYIIE MOJEKYN NMEPHOMHIECKH CHMMETPHYHO ITOBTOpSIOTCA. B
KUIKOCTAX M TBEPIBIX TelaX MOIEKY/Ibl YAEPXKHBAIOTCH OIHM3KO ApYT
OKOII0 JIpyra CHJIAMH MEXMOIEKYISIPHOTO TIPHTSDKEHHSA, KOTOPBIE II0
CBOEH CYTH ABJIAIOTCS DIIEKTPUYECKUMH CHJIAMH H CBS3aHBI C SIEKTPOH-
HOM CTPYKTYpO# Molekyi. K 3eKTprdecKuM CBOHCTBAM MOJIEKYI OTHO-
CATCS JHUIOABHBI MOMEHT H NOJIPHU3YEMOCTh. Benmmuuna aunonsaoro
MOMEHTAa U [TOJIPU3YEMOCTH II0Ka3bIBAET, HACKOIBKO CHIBHO MOJIEKYIIbI
IIPHTATHBAIOTCS IPYT K APYTY.

2.1.1. IOCTOSIHHBIA JUNOJIbHBIIA MOMEHT

Ecnu nBa zapsga (+¢g) W (—g) pasleieHbl paccTosHHeM R, TO
oHM o0Opa3yioT AMIoNs ¢ BennmuHHOH gR. Hanpumep, B Monekyine
merundrTopuna CH;F y aroma dropa uMeeTcs 4aCTHUHBIH, T. €. MEHbIIIE
CAVHHYHOTO MICKTPOHHOTO 3apsa, OTPULATEIRHBII 3apsAl, a y aToMa
ymiepofa (TouHee, B JJIEKTPOCTaTHYECKOM IeHTpe rpymnel CHi)—
TaKoH ke 1Mo abCONIOTHOH BEIMYMHE ITONIOXKHTENbHBIH 3apsj. 3HauuT,
monekyna CH3F 6yner iMeTh OWIIONBHBIA MOMEHT, BEJIMYHHA KOTOPOTO
ompenensaeTcs NoAIpHOCThI0 U anuHoi cBszu C—F. Kpome BemuuuHe
JUIOIb MMEET HANpaBicHUEe, M YCIOBHO IPUHATO CYMTATh, YTO OH
HAITpaBJICH OT OTPHLIATEIEHO 3apsSXEHHOTO KOHIIA K ITOJIOKHUTEIILHOMY.

CHa_ F
+4q —q
<~ R —»
A HanpaBJIeHHE p=gR

AHANOJNLHOIO
MOMEHTA

Hunonsusie MOMeHTH! (1) o6pI1YHO BhIpaXkaroT B Aebasx (/1), npuuem
1 1=3,336-10"3 Kn-m.
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- Tabnuna 2.1
JHnoabHbIEe MOMEHTBI H NOJISAPU3YEMOCTh HEKOTOPBIX MOJIEKYJ

Mornexyna i, 1L a- 102, e
CCls (veThIpexxJIOpUCTBIH YIIEPOX) 0 10,5
CHCI3 (xn1opodopm) 1,01 8,50
CH;Clz (auxnopMeTar) 1,57 6,80
CH;Cl (xsiopmeran) 1,87 4,53
CHs (meran) 0 2,60
CH3OH (meraunon) 1,71 3,23
CH3;CH,O0H (3rason) 1,69

CsHs (Denzon) 0 10,4
CsHsCH3 (Tomyon) 0,36
0-(CH3)2CsHa (opmo-xcunon) 0,62

He 0 0,20
Ar 0 1,66

3HaueHUS NUIIONBHBIX MOMEHTOB 130T WHGOPMALMIO O CTPOCHHHU
MOJIEKY H, KpOME TOrO, 4acTO HCIHOJIB3YIOTCS JUIsl MPOBEPKH TOIO,
HACKOJIBKO BEPHO BBIYHCICHEI MOJICKYIsIpHBIE opOuTany. Ha mpaktuke
3HaHWE BEJIMYMH TUIOJBHBEIX MOMEHTOB HE0OXOAMMO, HalpUMep, AN
monfopa MOAXOASIIEr0 PACTBOPUTEIS I AAHHOTO TBEPIOrO BEUISCTRA,
TaK KaK CHOCOOHOCTH PacTBOPUTENS pa3pyllaTh HOHHBIC KPHCTAIIIBI
CBS3aHa C ero CHOCOOHOCTEHIO CONTBBATHPOBATH HOHBI M YMEHBIIATH JJIEK-
TPOCTaTHYECKOE B3aUMO/ICHCTBHE, YACPKHBAIOIIEe HOHBl B KpUCTAJLIE.
Ponp MONSPHBIX MONEKYN PAcTBOPHTENS ABOHHAA. Bo-mepBbIX, OAMH
KOHEIl OUHOIS MOJEKYJIbl PACTBOPUTENS MOXET IEKTPOCTATHYECKH
TIPUTATHUBATHECS K HOHY IIPOTHBOIIOJIOKHOIO 3HAKa M 3TO YMEHBIIAET
JHEpPrul0 HOoHAa. Bo-BTOpBIX, B PaCTBOPE YMEHBIIAETCS CHIIA KYJIOHOB-
CKOT'O B3aHMOJCHCTBHS MEXIY MOHAMH. DTO JTOCTUTAETCS CICHAYIOLIUM
obpazoMm. Korga jnBa MOHa HaxoasTCS B BaKyyMe Ha pacCTOSHHU R
Ipyr OT Ipyra, HOTEHIIMal]bHAas SHEPrus HMX B3aUMOAECHCTBHUS IpPO-
nopuxoHanbHa 1/4mwegR, e €¢ — DUANeKTpHYecKas MPOHHIAEMOCTh
BakyyMa (8,854 - 10712 JIx~' . Kn? - M~1); onmako xorma oHH TO-
MelleHsl B PacTBOPHTENb, JHEPrus yMmenbluaercss o 1/4weoeR, rae
€ — OTHOCHTeNbHas (€CHH £p MPHHATH 33 €OUHUILY) MHUAIEKTpHUEeCKas
NPOHUIIAEMOCTh PAacTBOPHUTEISA. BelnunHa £ 4aCTHYHO OIIpEAEIsAeTcs
JIUIIOIGHBIM MOMEHTOM PACTBOPUTENSI ¥ MOXET OKAa3bIBaTH OOJIBINOE
BIMSHHE Ha CHUJIy KYyJOHOBCKOIO B3ammMopedcrBus. Hampumep, Boaa
HMEET € = 78; 3TO 3HAYUT, YTO KYJIOHOBCKO€ B3aHMOIEICTBHE B BOAE
YMEHBINAETCs IIOYTH Ha /1Ba MMOPSAKA [0 CPABHEHHIO C BAKYYMOM.

TouHyr0 BENHUHMHY TUIIOIBHOIO MOMEHTa H3MEPSIOT IIPH HCCIENo-
BaHHH BpAIIaTEILHEIX CIEKTPOB MOIEKYI B Tra30BOH (hase 1o CABUTY
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JUHUH B CHJIBHOM 3jeKkTpudeckoM noiae (3¢dexr llrapka). Eciu
K€ MOJIEKYJA OYeHb CHOKHA, HEJIeTyda MWIM HecTaOMALHA B Ta30BOM
¢daze, TO u3MepeHHWe OOBIYHO OCHOBAHO HA OIPEACIECHHH OTHOCH-
TENbHON MUAIEKTPHUYECKON IIPOHHIaeMOCTH € ofpa3ma B Macce. Be-
JIUYMHBI JAMIONLHBIX MOMEHTOB JUIS HEKOTOPBIX MOJISKYN NPHUBEICHB
B Tabm. 2.1.

2.1.2. ITIOJAPUIYEMOCTD

Ecnu HEemomApHYIO MOJIEKYITY MOMECTHTH B JIEKTPHYECKOE IOJIe
HANPKEHHOCTHIO £, OHA MOXKeT MPHOOPECTH AHITONLHEIH MOMEHT. JTO
CBS3aHO C TEM, YTO IEKTPOHHOE pachpelieieHHe B MOIEKYJe CTaHO-
BUTCSA MCKAXCHHBIM, 8 T€OMETPHYECKHE IEHTPH! IIOJIOKUTENBHOTO M
OTPHIIATENBHOTO 3apAJI0B, KOTOPHIE NEPBOHAYAIBHO COBIANATH, TENeph
pa3neniedbl. BenHuuHa TaKOro HHAYIHPOBAHHOIO QUITOILHOIO MOMEHTa
OTIPE/IENIAETCS BBIPAKEHHEM [iyuy = €0k, TRE o — KOIQPHIMEHT mpo-
DOPIHOHAIBHOCTH, Ha3bIBaEMBIH MONAPH3yeMOCThi0. [lonspusyeMocts
MMeeT pasMepHOCTh oGbeMa (cM® mtr A) M BO3pacTaer ¢ yBeTuueHHeM
pasmepoB Monekyasl (Tabna. 2.1). Ecnu Monekyna uMeeT HOCTOSHHEIN
JUAIIOJIbHBIA MOMEHT, TO B JIIEKTPUUYECKOM II0J7e K HeMy JI00aBiseTcs
elle ¥ MHAYUUPOBAHHBIA IUIIONBHBIA MOMEHT, IIOCKOJBKY IOJISIPHEIE
MOJIEKYNBI TOXE MONIApu3yeMbl. Torna B o0meM BHAE CBA3b C CyMMap-
HO# OTHOCHTENBHOM [H3IEKTPHYECKOH MPOHUIAEMOCTBIO BBHIPAKALTCH
ypaBHenuem Jlebas

N(a+pi? [3e0kT) =3(e — 1)(e +2),

rge N —4uciIo MONeKyld B eluHHUe o0beMa obpa3ua; o — IONSApHU3Y-
€MOCTb MOJIeKYIBI;, {4 — IIOCTOSHHBIH IHIOIBHBIH MOMEHT MOJIEKYJHI;
k —nocrosHHas bonenmana; T — abconroTHas Temrneparypa. Takum 06-
pasoM, IOCTPOUB rpaK 3aBUCUMOCTH IIPABOM YaCTH 3TOTO YPABHEHHS
oT 1/7, n0 HAKIOHY IMHHH MOXHO ONpERETHTS p?/3e0k M oTcroma —
[TOCTOSIHHBIA AMIIONBHBI MOMEHT MOJIEKYIBI, & 10 OTPE3KY, OTCEKae-
MOMY OT ocH opauHaT upd 1/7 = 0, — nonsapusyemMocts «. [locnennee
0DyCIOBICHO TE€M, 4TO IPHU OUYEHB BHICOKHX TeMIlEpaTypax pas3yrnops-
JIOUMBAOIUE 3((eKT TerIoBOro ABMXKEHHS 3aCTaBISIET ITOCTOAHHBIA
JIMIIOJb BPAIAThCS HACTONLKO OBICTPO, YTO €r0 BKJIAJ B MOJISAPU3AIHIO
yCpenHAeTcs 10 Hy/lIs M OCTaeTCsl TOJLKO HMHAYLIMPOBAaHHBIH JHITOINb,
KOTOPBIM pacrojaraercs B HAMPaBICHUH WHIYIUPYIOMEro ero mojid |
MO3TOMY COXpaHsieTcsl (TOUHee, MOCTOSHHO HHAYUHUPYETCA) Na)Xe MOpH
CaMBIX BBICOKHX TeMileparypax.

bonpmvie Monekyisl Oonee MOMAPHU3YEMBl, YeM Malsle. JTO CBA3aHO
C YHCIIOM JIIEKTPOHOB. [TOMSIpU3yeMOCTh MOJNEKYNBI 3aBHCHT OT CIUIBI,
¢ KOTOPOH SAepHBbIE 3apsiibl NPEMATCTBYIOT HCKAXKEGHHIO pacrpeneie-
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HHs 3JIEKTPOHOB 3JIEKTPHYECKUM HOJeM. DJIEKTPHUYECKOE IIOJIe MOXK-
HO c0371aTh Mexly oOKiaJkaMH KOHJAEHCATropa B (PH3HYECKOM 3KCIIe-
PHMEHTE, HO Kaxzhas Moyekyna obrmagaer coOCTBEHHBIM JIOKAJIBHBIM
3nexTpHYecKuM IojeM. 1losroMy npu nocTatodyHoM cOMKEHHH OHA
MOJIEKyJa IONajaeT B IIOJIe ADPYTOil H BCIENCTBHE 3TOrO IOJSPH-
3yeTcd. Eciim B MOJIeKyZie Majno DIEKTPOHOB, TO HX pacHpeeileHue
JKECTKO KOHTPOJHUPYETCs 3apsioM sipa H IIOISIPH3YEMOCTh HH3Kas.
Ecnu Monexyna coaep»HT OobIIHe aTOMBI C MHOKECTBOM JIEKTPOHOB,
TO CTEHEHb SICPHOTO KOHTPOJISI MEHBIIE, pPaclpe/esieHue 3JIeKTPOHOB
Oosiee pBIXTIOE H MOIAPU3YEeMOCTh 6onbite. T1ONSPU3YEMOCTE MOXKHO
paccuuTarh U3 BONHOBOH (PYyHKIIHH, HO MO>KHO OILIEHHUTH U 6e3 pacyeTos.
PaccMOTpUM aToOM € aTOMHEBIM HOMEPOM Z.

Slcno, 9Tro mM0OOH OMMHOYHBIA aTOM HE HMMEET IIOCTOSHHOIO Iu-
IIOJILHOIO MOMEHTA, HO AMIIONE MOXHO HHIYLIHMPOBATh, €CIH HIPUIO-
XKUTH 2MeKTpHYeckoe none. MHAaynupoBaHue IHIONBHOTO MOMEHTA —
3TO CHEBHT JIIEKTPOHHOTO 3apsAa BHYTpU aroma. Ilo-gpyromy MOKHO
CKa3aTh, YTO HHAYHUPOBaHHME MOMEHTa —3TO B KAaKOH-TO CTeNeHd
BO30y)xaeHHe aToMa. MOXHO IIPEANnoN0NKHTh, YTO CIIOCOOHOCTH MOMNS
HHAYIMPOBATh [HIIONG OyleT HpSAMO NpPONOPLHMOHANEHA 3HEPIHUH ero
B3aUMOIECHCTBUSA C 3IEKTPOHAMHU U oOpaTHO NpPONOPLHHOHANBHE 3HEp-
THH, KOTOPYIO HeoOXOIuMO 3aTpaTuTh Ha Bo3OyxkneHue aroMa. Mruo-
BEHHBIH UIIONLHBIH MOMEHT aTOMa MMeeT BeITHYHHY NOpsKa —er, e
r—panuyc aroma, e —3apsapx DIEKTPOHA, H, CJICOBATENIbHO, 3HEpIus
B3aUMOJCICTBHUS ¢ IMPIIONKEHHBIM [0JIEM HaNpsSKeHHOCTbIO E uMeer
nopsanok erf. Ecny npuHsSTh, YTO 3HEPrus BO3OYXKACHHS COCTaBISgeT
OKOJIO TIOJIOBMHEI BEJIMYMHEI [TOTEHI{HANa HOHM3AMK atoma { (T. e. 1o-
JIOBHHY BEJIHMYHHBI SHEPTHH, HEOOXOMMMOH JUTS IIOJTHOTO YAaIeHHsA DK~
TPOHA U3 aTOMa), TO UHAYNHUPOBAHHBIH AUNONBHEIA MOMEHT OYIET HMETh
BennuuHy nopsiaka —erE(erE /1/21), Tak Kak MCHOBEHHBIH AUITOIbHBIHN
MOMEHT (—er) «3aMOpOXEH» B aToMe Ha YpOBHE, NPEAONpeIeIeHHOM
COOTHOWIeHHeM sHepruu erE u 1/21. CnenopaTensHO, OIAPH3YEMOCTD
Gyner nopsinka 2e%r?/Iy), a NOCKOIBKY UHCIIO 3EKTPOHOB PaBHO Z,
MOXKHO CHMTaTh, 4TO

o~ 27Ze°r [eol.

MEI MONy4HIIA BRXKHOE COOTHONIEHHE, II0Ka3bIBalollee, YTO MOJIAPH-
3yeMOCTDb YBEIMUMBAETCS C BO3PACTAHMEM aTOMHOTO HOMEpa (T. €. YHCHIa
3JIEKTPOHOB), pa3sMepOB aroMa M JIEFKOCTH BO3DYXKIAECHHSA aroMa, 4uTo
MOATBEPXKAACTCS IKCIEPUMEHTANBHEIMH pe3yibraraMHi. Eciu nepeiiti
OT aTOMOB K MOJIEKylIaM, 3aKJII0d4eHus OynyT Te e camble. Tak, rekcaH
GoJiee onapuslyeM, 9eM OyTaH, Tak KaK OH uMeeT OoIbllle 3JIEKTPOHOB.
Opnaxo Oyramuen Toxe Oonee monspusyeM, dem OyTad, HeCMOTps
Ha TO 4TO yV HEro Ha 4YeThIpe 3JJICKTPOHA MEHbBIIE. DTO CBA3AHO C
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TeMm, 4TO OyTaJueH MMeeT IOJBHXXHBIE 7-3JCKTPOHEI, KOTOpEIe Dolnee
YyBCTBHTENIBHEI K H3MECHEHUIO JEKTPHYECKOI0 MO, YEM 0 -DIEKTPOHBI
(noTeHIHAT HOHH3AIUH 7 -271eKTpoHOB cBs13u C=C MeHbIIe HOTeHIIHAaIa
HOHU3AIUH o-3]eKTPOHOB). [1oMSpH3yeMOCTh MIpaeT BaXKHYK pOIb B
opraHideckoi xumuu. OHa BIHUSET, HAIPUMEpP, HA JKECTKOCTb U M-
KOCTBh KMCIIOT ¥ OCHoBaHu# JIprouca (1. 3), KHCIOTHOCTh U OCHOBHOCTH
MOJIEKYJI B ra30Bo# ¢a3ze (1. 3), CKOpOCTh HYKIEO(QHIEHOTO 3aMEIeHHS
y HaCHIICHHOTO aroMa yniepona (i 9) u 1. 1.

2.1.3. BU bl MEXKMOJEKYJIAPHBIX CWJI IPUTAXKEHHUA

Hanuune MeXXMONEKYISpHBIX CHI MAaj0 CKa3blBacTCs HA IOJBHXK-
HOCTH MONEKYJI B Tra3oBoil ¢asze. B xpucramiax B3aHMOAEHCTBHE
MEXAY MOJIEKYJIaMH WM HOHAMH BBIPAXKEHO CHIIBHO, NO3TOMY 00-
Pa3yIOTCA KECTKHE CTPYKTYphl. B KHMIOKOCTSIX KMHETHYECKas >HEprus
MOJIEKYJl CpaBHMMa C HOTEHIHAJIbHOH 3HEPTHEH HX B3aUMOJEHCTBHA.
Cunbl OpUTAXKCHUS, YICPXKUBAIOIIME MOIEKYIbl BMECTE, HOCAT Ha-
3BaHUE 8aH-0€p-6aalbCo8bIX cuA. VIX MOXHO ITOApa3fenvTh Ha TPHU
THMA: 1) IHIIONE-AUIIONBEHOE B3aHMOJEHCTBHE MEX,TY IMOJSIPHBIMH MO-
JeKyjIaMu, 2} B3aUMOJEUCTBUE THIIONb — HHAYLUPOBAHHEIN [UTIOND H,
HaKoHell, 3) B3aMMOMAEHCTBHE HHAYLUMPOBAHHBIN AUNONL — UHAYIHPO-
BaHHBIM JHIIONB, KOTOPOE €Ile Ha3bIBalOT AMCIEPCHOHHBIM B3aUMO-
IelCTBHEM. DTH BUABI B3aUMOJEHCTBHA Hapsily C Takumu crnenudpu-
YeCKMMH B3auUMOJICHCTBUSMH, KaK BONOPOJHAA CBS3b WIH MEPEHOC
3apsaa B JOHOPHO-aKLIETITOPHBIX KOMITIEKCAX, 00y CIOBIMBAIOT HAIMYHE
MOIMMOINEKYIISIPHOR CTPYKTYPHl B XXKHIKOCTSX M MOJEKYJSIPHBIX KpH-
cTananax, onpeiesasioT TEMIEPaTyphl KHIIEHUS U IUIABJICHUS BEIECTBA,
a B raszax oOYCIOBIMBAIOT OTKIOHEHHS OT M/I€aNbHOIO IIOBEIEHHS.
BaH-nep-BaanbCoBbl CHIIBI IPUTSHKEHHS 0OPATHO IPONOPIUOHATBHBE RS,
T. €. PACCTOSHUIO MEXAY B3aMMOACHCTBYIOIUMHU NUIIOISAMHU B INECTOM
CTEeHH. JTO 3HaYUT, YTO BaH-ACP-BaanbCOBO B3aUMOAEHCTBHE MPOSAB-
JISI€TCS Ha MAJIBIX PaCCTOSHUAX MEX/IY MOJIEKYJIaMH U OBICTPO yObiBaeT
C YBEJIHYEHHEM 3TOT0 PACCTOSHHS.

Eciu nBe nonsipHble MOJIEKYNIB! HaxonsSTesl OIM3KO APYT K APYTY, X
JUTIONHU B3aUMOJAEHCTBYIOT. B XXHIKOCTH OlHA MOJIEKYJIa BpaNlaeTcs BO
BCEX IUIOCKOCTSX OTHOCHTENBHO IPYrOH, TO3TOMY MOXHO OXKHJIATh, YTO
NP O4YEeHb BBICOKUX TeMIIEpaTypax CHIIBl NPUTSKEHUA (KOLJa NHUITOIH
OPUMEHTHUPOBAHKI 110 THITY «TOJIOBA K XBOCTY») OYAIYT YpaBHOBELIMBATHCS
CHUJaMH OTTAIKUBaHM (KOIa JUIIOIN OPHEHTHPOBAHBI «IOJIOBA K IONO-
Be»). OJHAKO IpH YMEpPEHHBIX TeMIlepaTypax npeodlianaeT TeHIeHIHA
IHIONeil «BBICTPAMBATHLCA B MHHHIO» ¢ OOpa3oBaHHEM TakOH Mpearno-
YTUTEABHOHN KOHQUIypalHH, KOTAA CHIIbI TPUTHKEHUS IPeobTafatoT Ha L
CHJIaMH OTTaJKUBAHUS.
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IIpucyTcTBHE NONAAPHON MOJEKYIIBI BOIM3H JIPYTOH MOJEKYJIbI, KOTO-
past caMa MOXKeT OBITh KaK ITOSSPHO#, TaK M HEHOISAPHOM, OKa3bIBaeT
Ha BTOPYIO MOJIEKyNly nonsipusymoulee nciictsue. HMHpynupoBaHHBIH
JUNOoNb MOKET 3aT€M B3aUMOIENHCTBOBaTH C JMMIONBHBIM MOMEHTOM
HEepBOH MONEKYJIEl H TOTAA ABE MOJEKYIbl CTAHOBATCS CBA32HHBIMU
ogHa c Apyrod. Bemuwuuua srtoro sddexra 3aBUCHUT KaK OT BEIH-
YHHEI MIOCTOSIHHOI'O JUIIONFHOTO MOMEHTa MEepBO MOJIEKYNHI, TaKk U
OT MOJIAPU3YEMOCTH BTOPOil MONEKyabl. BaXkHO, YTO TpH MOBBIIIE-
HUH TEMIEpaTyphl TEIUIOBOE ABHXXEHHE HE MOXET He30pHEHTHPOBAThH
HHAYLHUPYEMBIH MOMEHT OT HANpaBJIeHHA HHIAYIMPYIOUIETO MOMEHTA,
T. €. 3 (eKT MPUTHKEHHS COXPaHAETCs, TAKE eCIIH NOJspHas MOoJeKya
cB0OOTHO BpaniaeTcs BONM3M MOISIPUIYEMON MOJIEKYJIbL

Jlerxo nonsipusyemeie HETIOSPHEIE MOJIEKYJIBI XOTS U HE o0NajaroT
TIOCTOSIHHBIMHM JMIONbHBIMA MOMEHTaMH, HO HX 3JIEKTPOHHEBIE obiaka
(IYKTYUPYIOT, TIO3TOMY MX MOXXHO PacCMaTpWBAaTh KaK YacTHIIEI, MMe-
IOUIME MTHOBCHHBIH JUTIOIBHEI MOMEHT, KOTOPBIH MOCTOSHHO MEHSET
CBOIO BeJIMUHHY ¥ HanpasneHue. Eciu onHa Monexkysna ObICTpo mepeniia
B JJIEKTPOHHYIO KOH(UIypallUIo, KOTOpas JaeT MTHOBEHHBIA IUITONb [4],
TO 3TOT AUNONG OYAET MOMAPH3OBATH APYTYIO MOJNEKYIY, HHAYUUPYS B
HEH MTHOBEHHBIH JHUIIOJb ;. JIUIomu pyi ¥ p) OPUTATHBAIOTCA IPYT K
JApyry. X0oTs HanpapIeHHE JUIONA pi] OyAeT H3IMEHSATHCS H ajiee, BTopast
Moinexyna OyIeT pearpoBaTh Ha 3TO H3MEHEHHE H 3P HEKT NPUTIKEHAA
BCe BpeMsl coxXpaHsercs. BeiuuuHa TakHxX AMCIEPCHOHHBIX CHI, HIIH
cun JIoHA0HA, 3aBUCHUT OT ITOJIAPH3YEMOCTH O0EUX MOJIEKYII.

0O6061eHHOE BrIpaXkeHHe AT BCEX TPEX BUIOB BaH-JEP-BaalbCOBBIX
B3aHMOIEHCTBHH HMEET BHJI

=~Cs/R",

e V —mnoreHipansHas sHeprust; R — paccrosuue; Cg-— HEKOTOPBIH
k03(UIHEHT, 3aBUCALINIA OT NPUPOJILI MOIEKYII.

XoTs s BCEX TPEX THIIOB B3aUMONECHCTBHH 3HEPrHS M3MEHAETCA
TIPOTIOPIHOHATBHO R™6, TONBKO AMIONB-IMIIONBEHOE B3AMMOIEHCTBHE
3aBUCHT OT TEMIIEPATYPHI U IPH OYEHb BBHICOKHX TEMIIEPATYPax SHEPIHs
CTPEMHTCS K HYJ0. ITO CBSI3aHO € TEM, YTO TEIJIOBOE ABMXKCHHUE HE MO-
KET HAapyIIUTh B3aUMHYIO OPHEHTAHIO IIOCTOSIHHOTO U MHAYLIHPYEMOTO
IUMOJIeR MM JIBYX MHAYLHPYEMBIX JUIOIEH.

2.14. IPOCTPAHCTBEHHOE OTTAJIKHBAHHE U
BAH-AEP-BAAJIBCOBBI PAIINY ChI

Ha ocuopanum panee H370KEHHOTO CO3JAaeTCA BIEYATICHHE, 9TO
MOJICKYJIBI CTPEMSATCS TONBKO MPUTATHUBATBCS ApYT K Apyry. Tem He
MEHEE €CJIM OHH OYEHb CONMKAIOTCS APYr ¢ APYTOM, KOrAa IPHXOAAT
B COIPHUKOCHOBEHHE 3alOJIHEHHEBIE 3IEKTPOHHBIE OOOIOYKH aTOMOB,
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Tabnuua 2.2
Ban-ep-BaaabcoBbl (Rs;:) H KOBaJieHTHBIE (Ryos) PRAUYCHI (B A)

AToM Rons Ryon Atom Rope Rxon
H- 1,20 0,30 N— 1,55 0,70
F— 1,47 0,64 N= 1,55 0,60
Cl— 1,75 0,99 N= 1,60 0,55
Br— 1,85 1,14 pP— 1,80 1,10
I~ 1,98 1,33 As— 1,85 1,21
0-— 1,52 0,66 o 1,702 0,77
= 1,50 0,55 = 1,77° 0,665
S— 1,80 1,04 c= 1,78 0,60
Se— 1,90 1,17 Si— 2,1° 1,17
Te— 2,06 1,37

[pumeuanue. ® Pannyc rpynn CHz — umu —CHj—, © cpenss noxyTomumta apoMaTuseckux
konew, ® paanyc rpynnst SiHj;—.

BXO/MIIIIUX B COCTaB MOJIEKYINIbl, HaJl CHUIaMH NPHUTHKEHUA HAYHHAIOT
npeobnanaTe CHJIBI OTTAJKMBaHWA. Hampumep, 1Ba aroma rejivs Ha
DONBIINX pacCTOSHUAX CIab0 npnmmBa}orca OPYT K ApYyTy (IosTtomy
CYLIECTBYET XHUIKHUK I'eJIHi), HO P TECHOM CONHXXEHUH, B CHIIY TOTO,
gT0 Monekyna He; ofpa3oBarbecs He MoxeT (r1. 1, pa3n. 1.6), oxu or-
TAJIKUBAKOTCA, HOCKOJIBKY NpHHIUI laynu 3anpemniaer npoHUKHOBEHHE
3aM0THEHHBIX JJIEKTPOHHBIX 0007049eK APYr B jpyra. OTTalKHBaHUE
pPE3KO BO3pacTaeT ¢ YMEHBNIEHHEM DACCTOSHUSA; ONMUCATh €ro OYeHb
CIIOXHO, TaK KaK OHO 3dBHCHT OT KOHKPETHOH 3JIEKTPOHHON CTPYKTYPHI
YacTHII.

B HacTosimiee BpeMs HapAay ¢ SMIIMPUYESCKHMH IOIXOMAMH IS U3Y-
YEeHHUsI MEXMOJIEKY/BIPHBIX B3aMMOEUCTBYN BCe Yalle UCIOIb3YIOTCS
METOABI KBAHTOBOM XHMMHMH. PacueTel MOTEHIHABHBIX MOBEPXHOCTEH
(3aBUCHMOCTH 3HEPTHH B3aHMOREHCTBUA OT PACCTOSHHMS MEXKIY MO-
JIEKyJJaMH M HUX B3aMMHOHN OpHEHTAllMH) NPOBENEHbl IS MHOTHX I1ap
MOJEKYN. 3TH pacyeThl MO3BOJIMIN HE TOJBKO KOJIMYECTBEHHO OIHCATH
MEXMOIIEKY/IIpHbIE B3aUMOJIEHCTBHA, HO M pa3obparscs B UX (HU3HUe-
cKoit mpupoae. Oka3anock, 9T0 BO MHOTHX CIy4JasX MEKMOJIEKY/SIPHOE
B3aMMOACHCTBHE B 3HAYUTEIBHOH CTEIEHU OMNpelenseTcs HEPeHOCOM
3apsAaa ¢ OAHON MOJIEKYNbl Ha IPYTYIO, 9TO HE YYHTHIBAIIH KJIaCCHYECKHE
OpPEICTaBICHUA.

Paccrosaue, Ha KOTOPOM CHIIBI MTPUTSHKCHUS U OTTAIKUBAHUA PABHEL,
H3BECTHO IO Ha3BaHHEM BQH-0ep-8aanbCO6020 paccmosanus. Jinsa nau-
HO# I1apbl aTOMOB, COIIPHKACAIOIUXCS MPH KOHTAKTe ABYX MOJIEKYII,
3TO PACCTOSHUE 3ABHCHT OT IIPHPOABI APYTHX aTOMOB, C KOTOPBIMH
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Tabnuua 2.3
JUIMHA NpoCcThIX cBA3ei (A)

°-C sp>C p3C N O F S P S C Br I

H 1,09 1,08 1,06 1,01 096 0,92 1,48 144 134 127 1,41 1,61
spP-C{1,54 1,51 146 147 143 1,37 1,87 1,84 1,82 1,77 1,94 2,16
sp*-C 1,48 143 143 1,36 1,33 1,84 1,83 1,76 1,71 1,87 2,09
sp-C 1,38 1,35 1,29 1,82 1,78 1,70 1,64 1,80 1,99
N 1,45 141 1,36 1,74 1,67 1,70 1,77

o) 1,48 1,42 1,63 1,57 1,60 1,70 1,89
F 1,42 1,58 1,54 1,56 1,63 1,76 1,80
Si 2,33 2,25 2,15 2,02 2,18 2,44
P 221 2,10 2,03 2,14 2,46
S 2,05 2,03 2,26

cl 1,99 2,14 2,32
Br 2,28 2,48
I 2,67

Ipumenanue. s KaXDO0H KOHKPETHOH MONEKYNbI IIMHBI CBA3€H MOTYT OTNMYAarscs OT
TIPHMBEIEHHBIX H3-3a Pa3sHHUIBl B COCTOSHHAX OKHCIEHHS, NPOCTPAHCTBEHHOIO BIMAHHA
3amecTuTenei, Me3oMepHilX addexTos 4 T. 1.

OHM CBf3aHbI B MOJIEKYJNIE, OT OTHOCHTEILHOI OpHEHTallHH aTOMOB IO
OTHOIIEHHIO K 0OpazyeMBIM MMM KOBAJICHTHBIM CBA3AM U T. 1. Tem
HE MCHEe B W3BECTHOH CTEMEHH 3TH BaH-IEp-BaajbCOBBl PACCTOSHUS
MOXHO BBIpa3sTh KaK CYMMY I1apaMeTpOB, Ha3blBAEMBEIX BaH-Oep-
8AALCOGLIMU PAOUYCamy pPacCMaTpUBacMoi napbl aToMoB. HekoTopsle
BaH-JIep-BaaJibCOBEl pajMychl NpuBejeHsl B Tabn. 2.2. B aroit xe
Tabnuile TPHUBENEHDbl TAK Ha3bIBAEMEBIE KOBAIEHMHblE PAOUYChl, CYMMaA
KOTOPHIX onpenenseT NIHHY KOBAJEHTHOM CBsI3U MEXAY JaHHOU napoi
aroMoB. KoBaneHTHBIE paglyChl aTOMOB, CBSI3aHHBIX IPOCTHIMH CBSA3S-
MH, 0OBIYHO Ha 0,7~0,8A KOpO4E BaH-JEP-BaalbCOBBIX, ONHAKO OHM
3dBUCAT OT Pa3dH4Ms B IEKTPOOTPULIATEIBLHOCTH MEXAY CBS3aHHBIMHU
aTOMaM¥, THIIAa CBS3M MEXKIY aToMaMHM (IpocTasi, ABOHHas, TPOHHas)
1 T. 1. B COOTBETCTBHH € 3TUM MEHSIOTCA M JUIMHBI KOBAJIEHTHBIX CBA3EH
(trabn. 2.3 1 2.4).

Bennuuabsl BaH-IEp-BaallbCOBLIX PAJUYCOB OIPEACISIIOT pa3Mepsl
H (HopMy OpraHHYECKMX MOJIEKYJ, NPEIIIOYTHTEILHYIO KoHpopMa-
1Mo ¥ Haubonee crabunsHylo koHurypanuio. Hampumep, B mpem-
Oy THILMKIIOTEKCAHE, UMEIoNIEM GopMy «kpeciay (cM. 1. 24), mpem-
OyTHIbHAS TPyIIa BCETHa 3aHUMaeT 3KBAaTOPHANBHOE IIOIOKEHHE. 3TO
CBSA3aHO C TEM, 4YTO B aKCHAJIbHOH KOHGOpPMAIMH H3-3a OONBIIHX
pa3smepoB (T.e. u3-3a OONBILIOTO BaH-IEp-BaalkcoOBa paauyca) mpem-

86



Tabnauua 2.4
JliMHa KpaTHbIX cBsa3ed (cM. npuMed. K Tadu. 2.3)

Cea3b Jnuna (A) Caa3p Jwna (A)
sp*-C=C-sp* 1,34 sp*-C=N 1,30
sp*-C=C-sp 1,34 sp-C=N 1,21
sp-C=C-sp 1,28 C=N 1,16
C=C 1,20 sp?-C=S 1,70
sp*-C=0 1,22 sp-C=S 1,56
sp-C=0 1,16 N=N 1,25
N=0 1,17

Oy THIBHOH Ipynsl OyNeT IPOSBIATHCS NPOCTPAHCTBEHHOE OTTAIKHBA-
HHE MEXIy HEel0 U aKCHAIbHBIMH aTOMaMH BOJAOPOJA B MONIOKEHUSIX 3
¥ 5 (1,3-1uaxkcHanbHOE OTTAJIKHBAHHE, CM. T 22):

e
~=, CHs oCHy

H, - C\CHJ H H CH
a 3
- a /
H e H H ) C‘"lucrg
CHy
HeYCTOWMMBAS KOHOPMaUMs YCTORYMBAR KOHPOPMAUMS
(3awrpuxosana obracTo (a-3xBaropnanshas,
B3AUMHOr0 NPOHUKHOBEHUA e-aKCuanbHas rpynnbl)

3anosHeHHsLIX opbuTanei)

C mpocCTpaHCTBEHHBIMU (CTEPHYECKHMH) (PaKTopaMu Mbl MOCTOSAH-
HO OylmeM CTalKMBarsCd B MOCIENYIOMMX DTaBax 370 kHuUrdH. OHH
HCKaXXaroT CHMMETPHIO MOJIeKYIl (HallpuMep, IPEeBpallaT TETPasap B
HEMpPaBUIBHYI0 GHUIYpY), HPEMSATCIBYIOT CBOOOAHOMY BpAIlCHHMIO BO-
KpYT 0-CBsSI3el, CUIbHO BIHAIOT HAa CKOPOCTH XHMHYECKHX PEaKITHil, TaxK
Kak 00beMHUCTBIE TPy MEMIAOT MO/XOY PEareHTa K peakilMOHHOMY
LEHTPY MOJEKYIbI, ! T. 1.

2.2. TEOPUSI CMEINEHUSA DAEKTPOHHBIX TIAP

B mnpeapinymieil maBe, paccMarpyBas MOJIEKYIspHblE OpOHTanu
IPOCTEHUINX ABYXaTOMHBIX MOJEKYH, Mbl 00paTHII BHUMaHHE Ha CYIIe-
CTBEHHOE Pa3/IMUHe MEXAY HEHOIAPHBIMHU FOMOSICPHBIMH MOJIEKYJIaMH
tuna A—A (Hampumep, Hy, N3, O;) ¥ nonspHbIMH TreTepOsiAEPHBIMHU
monekyaamu tura A%T —B%~ (manpumep, HF, HCl u 1. 11.). D0 pasiau4dne
COCTOSIO B TOM, YTO 3aHATHIE (CBs3pIBatoUIHE) MO MONSPHBIX MOJEKYII
A% — B%~ CKOHIEHTPHPOBAHHI IMaBHEIM 0GPa30M Ha Gollee TEKTPO-
OTPHLIATENLHOM aTOME B, a Ha MeHee JIEKTPOOTPHUIATENBIIOM ATOME
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A MIOTHOCTH 3aHATHIX opburaieil MeHbmie. OpOUTATM HEMONSAPHBIX
MOJIEKY] A—A HMMEIOT CHMMETPUYHBIA BHA, T.€. HX IDIOTHOCTH Ha
IIPaBOM H JI€BOM aroMax A ONHMHAKOBa. DTO OTHOCHTCS KakK K 0-, KaK U
K 7-opbuTatsm.

MosxHO, c1e10BaTeNbHO, YTBEPKIaTh, UTO T1apa IEKTPOHOB, 0Opa-
3yIOLIas CBSA3b B NOISAPHOH Moiekyne A—B, 66npmyio 9acTs BpeMeHH
«IIpOBOZUT» y aToma B, uem y atoma A, TorZla Kak B HENOJISPHOH
Monexyne A—A 3Ta mapa OIMHAKOBO 4acTto ObIBaeT y 00OMX aTOMOB
A. ApTepHAaTHBHOE YTBEPXKICHHE COCTOMT B TOM, YIO B IIOJIIPHOH
mMonexyne A—B anexTpoHHas mapa, oOpasyromas CBS3b MEXAy A d
B, «cmewena» B cropony B, a B HemonspHoil Monmekyne A—A oHa
«HE CMEILIEHa» HU K OJIHOMY HHU K jApyroMmy aroMmy. Takue s3ddexTs!
paccMaTpUBaIOTCsl B meopuu 31eKmpoHkbix cmewjenui. B sToi Teo-
puH BHIOMPAIOT HEKOTOPYIO JTANIOHHYIO «MOJIEKYAY ISl CPaBHEHWA»,
o6eruno A—H (H — aroM Bomopona), H 3areM BIEKTPOHHOE CTPOEeHHE
monekynsl A—B paccMarpuBaiOT B CpaBHeHHMM ¢ 3tanoHomM A—H.
Ecnu, HanpuMep, B — Gonee anexkTpooTpuuaTenbHbIN dmeMeHT, yem H,
B MoneKyne A—B 3JIeKTpOHHAas IUIOTHOCTH Y aTtoMa A JOJDKHA OBITh
MEHbIIIe, 4EM y atoMa A B Monekylle A—H, a aneKTpoHHAas IIOTHOCTh
y aroma B nomxna 6T Oonbuie, uem y atomMa H B monexyne A—H.
CxemaTnyecku 3T0 oTOOpakaroT GopMyIaMH ¢ YaCTHYHBIMHU 3apslaMH
U C IPSMBIME (11 MIEKTPOHOB 0-CUMMETPHH) HJIM H30THYTHIMH (A5
3NEKTPOHOB 7-CHMMETPHH) CTpEIKaMH, O0003HAaYarollMMH CMEUIEHHE
NEKTPOHHOU IJIOTHOCTH, BHI3BaHHOE 3aMEHOH B Moyekyine A—H aToma
BOZIOpOZia Ha aToM B.

3+ 8- As+ 4 B'g__

A——B
CMELLEHNE cMeLLLeHMe
E-SJIEKTPOHOB M-3NEeKTPOHOB
Hanpumep B34B 3a cTaHAAPT MOJIEKYIy METaHA, 3IEKTPOHHEIE (hop-

Mynel (dropMeTaHa M (GopMalbAerHAa MOXKHO 3allHCaTh CIAEAYIONTUM
obpazom:

CH, HyC 2 FE- H, 0t =0t
(cTanpepr) (pTOpMeTan opManbaerig,

TeopHs 3neKTPOHHBIX CMENICHHHA BO3HNKIA B 1920-X rogax, 3a10ro
JI0 UIUPOKOTO Pa3BHTHs METOAa MOJEKY/SIpHBIX OpOHTanei, KoTtopoe,
110 CYINECTBY, HAUYaJOCh TOJALKO B 1950-x rogax (XoTs nepsble paboOTh
B. Xroxxens Mo MOJEKyISIPHBIM OpOHTAISIM OPraHHYECKUX 7-CHCTEM
mosiBWIIMCE B Hauane 1930-x ropos). 3Jra Teopus O4YEHHL XOpOWMIO U
IpocTo OOBACHAET OONBIIMHCTBO SKCHEPHMEHTANbHBIX (aKTOB, CBS-
3aHHBIX CO CTPOGHHEM W PEAKIIMOHHON CHOCOOHOCTBIO OPraHHYECKHX
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COEHHEHHI, TOITOMY OHA IIMPOKO WCITONB3YETCs KO HACTOAIIEro Bpe-
Menu. B mocnenyonmx rmaBax Mel HApARY € METOAOM MOJIEKY/ISAPHBIX
opburaneii OymeM mapajienbHO HCHONB30BaTh M MNpPENCTaBiIcHHA 00
3NEKTPOHHBIX 3(peKTax, pa3sBUTHIX B TEOPHH CMEIMEHHH NEeKTPOHHBIX
nap.

2.2.1. MHAYKTHUBHBIIA DPPEKT U DOOEKT NOJISA

JMONBHEIT MOMEHT MOJIEKYIBI MOMKHO DPacCMaTpHBaTh Ha OCHO-
BaHWH JBYX MPHHIUNUAILHO Pa3IHIHBIX DoaxonoB. IlepBrlil moaxon
COCTOHT B TOM, 4TO OOIIHMH AHIIONBHBIH MOMEHT NPEJCTABIAIOT Kak
BEKTOPHYI0 CyMMY HUIOI€H OTOeNbHBIX cBszeil. Bropoit ocHoBan
Ha PACCMOTPEHUH MONEKYIbl KaK CHCTEMbl HECKOJNBKUX (parMeHTOB,
OOJIIPU3YIOIMXCS B TIOJI€, CO3aBAEMOM AUIIOIEM IONISPHON IPYMIIBL

Ecnu paccMaTpuBaTh AUNONBHBIA MOMEHT KaK BEKTOPHYIO CYMMY, TO
OYEHb JIETKO OOBACHUTH, (OYEMY TaKHE MOJEKYJBl, KaK MeTaH, YeThl-
PEXXJIOPUCTHIH YINEepOon, napd-IuxaopOeH30N, HE UMEKT AUNOILHOTO
MOMEHTa, a XJOpOeH30N, Mema- U opmo-puxiaopOeH3onsl obnagaror
AUTOIBHBIM MOMEHTOM, TIPHYEM [lopmo > [hnema-

a ct Cla_
a
1
xnop6enson napa-~ upro- Mera-
Avxnopbenson JAuxsiopbenson Auxnopbenion
=170 Jt=0{pacyer) =271 (pacuet) =16/ (pacyer)
J=0{3xcn.) H=2,950(3Kcen.) u=14880xcn.)

IIpusenennple gaHHBIE ONA OpmMo- U Mema-IHXIOPOSH30I0B IIOKa-
3bIBAIOT, YTO PACCUMTAHHBIE IO BEKTOPHOH CyMME 3HAUEHHUS JTHITOIb-
HBIX MOMEHTOB MOTYT CYIIECTBEHHO OTIMYATHCA OT AKCIEPUMEHTAIEHO
onpejeneHHbIX. B npuHIMIe, BEKTOPHYID CYMMY MOKHO IPHBECTH B
TOYHOE COOTBETCTBHUE C IKCIEPHMEHTOM, €CIIM YYECTh, YTO MOMEHTHI
cea3eit C—Cl He MOCTOSIHHBI U TIPH IIepexofie 0T OOHOH MOJIEKYJIBI CO
cBa3pto C—Cl k gpyroii meHstorcs. OIHAKO TakoH noaxon Obu1 Obl
CIVIIKOM TPHUBHANBHBEIM H HE UMeN Obl NpeAcKa3aTelbHOM LEHHOCTH,
ITO3TOMY [AMITOJIBHBEIH MOMEHT JAHHOHN CBSI3H PACCMATPHBAIOT KakK IIO-
CTOSHHBIH mapaMerp. B TakoMm ciyuae, cuuTas HWNOIBHBIH MOMEHT
cBa3M sp>-C—H MOCTOSHHBIM, MOXHO YTBEPX/IaTh, UTO JUIS JOGOTro
HACHIIIEHHOTO YIMeBOIOpona (anKaHa), HMEIOMEro NpaBUIbpHOE CTpoe-
HHE C TETPadIPUIECKUMU yIiIaMU Mexay cBsa3samu (109,5°), annronsabli
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MOMEHT PaBEH HYJI0. JTO COIIACYETCs C DKCIEPUMEHTOM: A0 CHX MOP
HHU Y OfHOTO a/IKaHa HE HAWIEHO TUITOJBHOIO MOMEHTA, HECMOTPS JTaXKe
Ha TO, 4TO MHOTHE U3 HHX HE HMEIOT MPAaBHJILHOTO TETPa3yIPUIECCKO-
TO CTpoeHMs (U3-32 MPOCTPAHCTBEHHOTO OTTANKHUBAHHA OOBEMHCTBIX
ANKWIBHEIX rpymin). Takum o0pasoM, MBI -BHAWM, YTO B HEKOTOPHIX
CIy4asx BEeKTOpHAas CYMMa IPaBHILHO NepeaaeT HabogaeMpli JUI0Ib-
HBIIl MOMEHT, a B JIpYyIUX cily4dasx HaOmomarorcs orkiaoHends. Torma
TOBOPAT O HaluuuM «3ddeKkra», CBI3aHHOTO ¢ BHYTPHMOICKYIAPHBIM
B3aUMOJIEHICTBHEM IIOJISIPHBIX IPYIII, H CTAPAIOTCS AaTh 3TOMY 3hberTy
IpUEMIIEMYIO QU3HYECKYIO HHTEPIPETAIHIO.

Ecnu 61 MOMeHTH! cBsizeit OBUIH MOCTOSHHBIMH M BCE YITIBI MEXIY
cBa3amMu Obuty pasHbl 109,5°, 10 Bee ankumxnopunsl AlkCl mmenu
Obl ONMMHAKOBBIA AMMIOMBHBIA MOMEHT. ONHAKO 3KCIEPHUMEHTAJIbHbIC
JlaHHbIe, [OJIY4YEHHBIE B Ta30BOH (paze, 3TOMY HE COOTBETCTBYIOT.
Merunxnopun CH3;Cl umeer aunoneHeia Moment 3,86 JI, »Tun-
xmopun, CH3CH,Cl—2,00 A, w-npomwxiopuy CH;CH;CH,Cl—
2,04 J1, wm3onponmrxitopun (CH3),CHCl—2,15 [, n-Oytunxiopun
CH3CH,CH,CH,C1—2,11 A,  mpem-6ytuaxnopua.  (CH3 ) CCl—
2,13 . Takum oOpa3om, BUAHA TEHACHIHS K YBEIHICHHIO JHIIOIBHOIO
MOMEHTa C YBENIHYEHHEM pa3MEpOB alIKHIBHOH rpymmbl. O0ssicHeHHE
atoro addexra Opimo gado H. Jlsroncom B 1923 1

Jlprouc, pa3BHBasg HICI0 O TOM, YTO B MOJIEKYIaX CYIIECTBYIOT
0co0bIe YCTOHTUREIE 3ACKTPOHHEIE 00pa3oBaHus — AyOJETHL U OKTETEHI,
IIPEIOKUI TCOPHIO HHIYIHPOBAHHOIO CMEIIEHHS 3JIEKTPOHHBIX IIap
O-CBSI3H OT OTHOT'O aTOMa K IpyroMy. I maBHoe B 5TOH TeOpHH 3aKiIroda-
eTCs B MPERITOJIOKEHHH, YTO TEKTPOHbI CMENIAIOTCSA HE IOOHHOYKE, a
napaMu. Benencreue 60mbIIoro 3apsAia sapa aToMa XJiopa SeKTPOHHast
riapa o-cesi3u C—Cl «rpoBonuT GONIBHIE BPpeMEHM» OKOIO aT0Ma XJIopa,
YeM OKOJIO COCEJHEro aroMma yrjepojaa. OTO M eCTh IIPUYHMHA TOTO,
YTO B alKHIXJIOPHAAX arOM XJIOpa HEeCeT YACTHUHBIA OTpUIaTeNbHBIH
3apsl, a aroM yIiiepoja — YacTHYHBIH ITOJIOKHTENbHbIH 3apsaa. M3-3a
HaJW9Hs 3TOTO IOJOXKHUTEIBHOIO 3apsAila aTOM yIJIepona, CBA3AHHEIH C
XJIOPOM, TIPUTATHBACT MIEKTPOHHBIC Iaphl CHILHEE aToMa yIriiepoaa, He
CBSI3aHHOTO C AIIEKTPOOTPHIATENLHEIM 3aMecTuTesieM. TakuM obpasom,
aTOM XJIOP2 BBI3EIBAET ITOCIIEN0BATEIEHOE CMELICHYE IICKTPOHHBIX 1Tap
o-CBA3eH 110 BCeH MOJIEKyIIe.

H H H

Lo

H-C— C— C— Cl

A

H H H
H-TIPOTIHJIXJIOPH]L
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CTpesIKkH MOKa3blBAIOT CMELEHHE JIEKTPOHHBIX IIap OTHOCHTEILHO
«CPEIHHX» TONOKEHHH, KOTOPbie 3TH Naphl 3aHMMAlIH OBl B OTCYyT-
CTBHE aToMa Xjopa (B mporade). AToM XJI0pa HHIYIUPYET YaCTUUHBIH
MOJIOXKHUTEIBHBIA 3apsil (IONOXXUTENBHBI 110 OTHOUIEHHIO K 3apsiy,
KOTOPBIH OBl OB B OTCYTCTBHE XJIOPa, T. €. B IPOMNAHE) Ha CBA3aHHOM C
HUM aToOMe yIiepofa. DTOT 3apa] HHAYUHPYET MEHBIIHH 10 BEITHUHHE
[OJIOXUTEABHBIA 3apsf Ha CIEAYIOLIEM aroMe YIIepoda, KOTOPBIH
HHAYLHMpYET ellle MEHBUINI IOJOXKUTENbHON 3aps] Ha CIeAylouieM
aToMe, U T. A. Takas cnocOOHOCTh 3aMECTHTENIsS BO3HEHCTBOBATH Ha
O-3JIEKTPOHHBIE Maphi BJOJH IIEIIOYKH aTOMOB B TEOPUU IEKTPOHHBIX
CMEILICHUN HA3bIBACMCA UHOYKIMUBHBIM 3hpexmon.

TakvM myTeM MOXHO OOBSICHUTD, I0YEMY C YTTHHEHUEM YITICPOAHOK
UEHOYKH JHMONBHBIA MOMEHT XJIOPAJNKaHOB Bo3pacTaeT. [lox BusHueM
aunons ceszn C—Cl GpiBIIMe HENOMSIPHEIMH B HE3aMEIIIEHHBIX aJlKaHaX
cBsazu C—C u (C—H) cranostcs noispHeIMHA U aunond cBszeit C—C
ckianeiBarorca ¢ aumnoneM ceazd C—Cl. Hanpumep:

P /cnz\ /ct

(= CH

= e RIS
7

L4
Hoen= 1864 Hoxen= 2,004 Hoken™ 2044

[IpencraBnenne 06 HHIYKTHBHOM 3ddekTe 0ObIACHIET, ToYeMy IIPOUC-
XOJUT U3MEHEHHE KOHCTAaHT CKOPOCTEH M PABHOBECUH IIPH BBEJICHHH B
MOJITEKYITy KaKoTo-TH00 MOIAPHOTO 3aMecTuTena. Hanpumep, HHyKTHB-
HBIH 2(deKT x10pa B 2-XJI0p3THIAMHHE

5— o+ 86+ 3§66+
Cl + CH; « CH, « NH;,

Jlenaer aToM a3ora DoJiee MOJOKHUTENBHEIM, Y€M OH OBLI OBl IPH OTCYT-
CTBHH XJIOp-3aMecTHTens (B sTHinaMuHe). ClenoBaTenpHO, aTOM a30Ta
OyneT cuibHEe NPHTATHBaTh HMEIOIYIOCS Y HEro 3JeKTPOHHYIO Mapy
H Oyner MeHee CKIIOHEH pa3lelaTh ee ¢ NPOTOHOM P OOpa3OBaHHH
aMMOHHMIHON CONMH (RNH2+HCI—+RN§CI_), yeM stunamuf. [lostomy
BBEJCHHE XJIOpa B KAueCTBE 3aMECTHUTEIs. B MONEKYIY JITHIaMHHA
JNOIDKHO YMEHBIIHTL OCHOBHOCTH aMHHA, YTO H HaOmomaercs skciie-
puMeHTansHo. OTHAKO 3TOT HabMonaeMslil 2hdeKT XI0pa Ka9eCTBEHHO
MOXKHO OOBACHUTE TakxKe U 3¢ @dexmom noas.

Depdhexm nons obycinosnen B3aumopeiictBueMm pumons Cl—C ¢
MOJIOKUTEIBHBIM 3apsSoM Ha a30Te M IepelaeTcsa uepe3 cpeny, pas-
JEISIOUIYIO JUITONE OT 3apsAna, 0 KpardaiiieMy paccTosHui. Dddekr
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Tabnuua 2.5
Huaykruehbie 3¢ dexTnl rpynn

OTTasIkuBaHME 3IEKTPOHOB (+]) Tpuraxenue nekTpoHos (—1)

—B(OH); > —CH; H ~NH; < ~OH < —F
HYJEBOH ddexT
(no onpeneneHuo)

—NH; < “NHCOCH; <

o
~B(OH); > —CO0® > —B(OH)> > CH; | < ~NHCOCF; < —N(CF3); < NO; <

+ +
—Se”™ >—-8">-0" < —N(CH3)3 < -N=N
~C(CH3)3 > —CH(CHj3): > —OH < —0OCHj3; < —0OCF;
> —CH,;CH; > —CH; —-]1< —-Br< —Cl< —F

—CH(CF3); = —COOC;Hs < —C=N

IIOJIsL 3aBUCHT OT AMNIEKTPUYECKOH IIPOHUIIAEMOCTH Cpefinl. [lockombKy
ONMOXKHUTENbHBIN 3apsn aunons Cl—C Ommxe K aToMy a3oTa aMHHO-
TPYNIEL, MO JecTabUIH3upyeT MOTOKUTEIBHBIN 3apsii Ha a30Te.

N\&/ O, {=—=) nanpasnenue gvnons C1-C)

TaxuMm obpa3oM, 3pdexT noas Toxe MOIKEH YMEHBIIATh OCHOBHOCTB
aMHuH4. B OOJBIIMHCTBE CllydacB HHAYKTHBHLL addext u addext nons
NIEHCTBYIOT B OXHOM HampasieHud. [loaToMy oTAEenuTh OMHH 3 (eKT
OT JOPYIoro OYeHb TPYAHO M HX YacTo paccMaTpUBAIOT COBMECTHO.
Kombunanuo uniayktasHoro a3¢dexra @ 3ddexra monas HasbIBaloT
nosisipHeM 3ddexrom. OAHAKO WCIONB3YIOT U IPOCTOH TEPMHUH «UH-
dyxmuerbli I¢hghexm», MOAPa3yMeBas, 4YTO B 3TO MOHATHE BKIHOYAIOTCH
W MHAYKTHBHEIN 3¢dext JIbtonca, ¥ 3dgdexT nons. B nannoi kuure oba
TepMMHA TPHMEHSIOTCS HAa PaBHBIX IIPaBax.

KonuuecTBeHHON Mepoit MOMAPHHIX (MHAYKTHBHEIX) 3(dexToB aBiA-
OTCs Ge3pazMepHbie KOHCTAHThI 3AMECTHTENA 0, BXOIAIIME B YPABHEHHE
[ammera—Tadra (cm. 1. 3, pazn. 3.4). KauecTBeHHbIC PAAEI H3MEHEHUS
HHIYKTHBHBIX 3G ¢eKToB pasIHyHbIX TPYHII IPUBEAEHH B Tabum. 2.5. Ilo
knaccupukanud MHronsa aeKTpOHOAaKIEITOPHEIE MPYIEI 00nagaror
OTPUIIATEILHBIM HHAYKTUBHBIM dddexrom (—I), a dIeKTpOHOAOHOD-
HBIC — MIOJIOKUTEIIBHBIM HHAYKTUBHLIM 3¢bdexToM (+1).

IIpu aHanmu3e Tabm. 2.5 MOXXHO cHeNnaTs Psill NOIE3HBIX 3aKIFOYeHHH,
KOTOPBIC TIOMOTAIOT OLEHHTh OTHOCHTENbHYK CHITY HHIYKTHBHOTO 3(-
(exra pasnHIHBIX TPYIIL.
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OCHOBHBIE BBIBOJIBI CIACAYIOLIUEC.

1. Tpy1irl, IPHTATHBAIOIINX 0 -IeKTPOHEI (0-aKIENTOPHEIX), T. €. 00-
JIAAAI0NIKX OTPULATEILHBIM HHIYKTHBHEIM 3¢ dexTom, ropazso Sonslie,
4YeM I'PYIII, OTTAIKHBAIOIINX 0 -31E€KTPOHE! (0-10HOPHEIX), T. €. 0bnaaa-
IOLIYX HOJOKHTEIBHEIM HWHAYKTHBHEIM 3¢dexToM. Jleno B ToM, 4TO B
Ka4ecTBE HYJEBOU TOUKH OTcUeTa BBIOpaH BONOpPOX («HE3aMEIeHHOEe»
COEIVHEHHE BCE-TAKH HMEET 3aMEeCTUTENb, HO 3TOT 3aMecturens — H),
U1 KOTOpOro 3¢ ¢exT MpHHAT 3a HyIb. B mkane [lonunra (tabm. 1.1)
BOZIOPOI MMEET CPABHUTEIBHO HH3KYIO 2EKTPOOTpHIAaTeNbHOCTE (2,20)
H TIOYTH BCE aTOMBI, MEHEE JJIEKTPOOTPHIATENBHBIE, IEM BOZOPO/I, ~— 3TO
aTOMbI META/UIOB. BOIBIIMHCTBO K€ aTOMOB, BXOIMIIUX B COCTAB Hau-
0oIee pacpOCTPaHEHHBIX OPTraHUYECKMX (QYHKUMOHAIBHBIX TPYIIT, —
at0 atoMbl ementoB (N, O, P, S), Gonee 3reKTpOOTPHIIATEIBHEIX,
yem Bogopord. [lostomy 1o cpaBHEHHIO ¢ «3amecTutenem» H Takue
rpynnsl OyayT obnagare 3¢gdexToM NpUATIKEHHS SNIEeKTpoHOB. Ecan
Obl B Ka4ecTBE CTAaHAApTHOTO «3aMECTHUTENs CPaBHEHHMS» ObUI BHIOpaH
HE BONOPOH, a 3IEKTPOOTPHUATEIBHBIA aTOM, Hampumep ¢Top, TO
OONBIIMHCTBO 3aMECTUTENEH MBI ROJKHEI OBITH OBl OTHECTH K KJIAacCy
«O-3NEKTPOHOOTTATKHBAOIINX Y, T. €. O-TIOHOPHBIX.

2. I'1aBHYIO PONb B BEJIHYMHE HHIYKTUBHOTO 3¢deKTa urpaet 3apsn

HA LEHTPaJbHOM aTrOMe TpPYIIbl, T.€. Ha aroMe, HEeHOCPEIACTBEHHO

CBA3aHHOM C YIIIEPOIHOI LENOYKOH, M0 KOTOpoil 3tdekr nepenaercs

K peakMOHHOMY LeHTpy. K rpyiraM ¢ OrpOMHEIM OTpHIATEIbHBIM
+

HHAYKTHBHBIM 3¢¢ekToM oTHOCITCs nuazo-rpymma (—N=N) u ¢enun-

+ + +
rayiorexonresbie rpymmnsl (—CIPh, —BrPh, —IPh); MensmuM, HO TOXE

JO0CTaTO4YHO 00JIBHINM HHAYKTUBHBIM 3(1)(1)6KTOM 06J'IaIIaIOT TPHMCTHII-

+ + O7

aMMmoHuiiHas rpynna (—NMes) u HETpOrpymIa (—H% ) ¢ TONOXKHK-~
@)

TEJILHBIM 3aps/IOM Ha artoMe a3oTa. OTpHuLarebHO 3apsiKeHHbIE MPYIIIbE
(—0~, —COO~, B(OH)3) nposiBisirot (+)-3ddexrt, T. €. ommanxusarom
INIEKTPOHEL.

3. Kax nns He#lTpansHBIX, TaK M JUIS 3apsDKEHHBIX TPYII TNABHYHO
pONIb MIPAET 3JIEKTPOOTPHULATEILHOCTE IieHTpansHoro aroma. C ee
POCTOM B Psy IPYIII ONWHAKOBOTO 3apsaHoro tura (+1)-adbdexTt ymeHb-
maerca (ganpuMep, —Se” > —S7 > —07), a (—)-3ddekr ysenmun-
Baercs (manmpumep, —NH; < —OH < —F). Ognako u3 sToro npasuja
HMMEETCA U PAR MCKTIoYeHH. Tak, MeTannoopranAdecKue rpyniibl THIA
—HgPh wnu —SnPh;, comepsxamue B KagecTBe LEHTPAJLHOIO aroMa
TSDKeJIbIe MeTaJUThl, 00IanaroT XOTs M HeDONBIIMM, HO aKNENTOPHBIM
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3¢ dexToM, HECMOTPS HAa TO HTO IMEKTPOOTPHUIATEIBHOCTE METAIIOR
(Hg, Sn) MeHpUIE 3MEKTPOOTPHIIATENEHOCTH BOJOPOAA.

HWHAyKTUBHBIH 3((EKT adKuNbHBIX Py (MOJ0XUTENBHBIH) BO3-
pacTaeT IpH Mepexofe OT MEeTHNbHOW K HepBHYHBIM M Jalee
K BTOPHYHBIM M TPEeTHYHBIM rpynnaM, nanpumep (+/)-3¢dexr:
CHj; < CH3CH; < (CH3),CH < (CH3):C.

XOTs pa3HHIAa B BEIMIMHE HHAYKTHBHOrO 3¢Qpexra s pasHbIX
aJKUJIBHBIX TPYHI HEBEIHKA, 3TOTO BITOJIHE JOCTATOYHO, YTOOBI IHIIOTh-
HBIE MOMEHTHI AIKWITaJOreHUI0B HE MMOAYMHSINCE IPABIILY BEKTOPHBIX
CYMM, O YeM IrOBOPHIIOCH B Hagalle 3TOro pasnena.

2.2.2. ME3OMEPHBII YOOEKT

BTopeiM BaKHEHIIIMM MOHATHEM B TEOPHH BHYTPHMOJICKYISPHBIX
3NIEKTPOHHBIX CMEIICHUIl ABISETCI ME30MEPHLIL Ighcherm.

Mpep1 BUAENH, 4TO MpeacTaBleHuss o0 UHAYKTUBHOM 3ddekre 00b-
SCHSIOT OTKJIOHEHHS HAOIIONaeMBIX JKCIEPHMEHTAIBHO JIHIIONBHBIX
MOMEHTOB OT BEKTOPHBIX CYMM JHITOJIeH cBf3eil. TOYHO Tak ke KOH-
Lefus Me30MepHOro 3dpexra oOBACHAET HECOOTBETCTBHE IHUIIOJE-
HBIX MOMEHTOB NpPaBHIY AJJIMTHBHOCTH B Cllydae HEHACBIICHHBIX
MOJICKYJI, COAEpXalIMX KpaTHble CBs3W. PaccMoTpuM ciy4ail napa-
MUMETHIAMHHOHUTPOOCH30/Ia, HMEIOIEero AUNONbHEIH MoMeHT 6,87 [1:

0
. Y
(eH3),N _@_ﬁ/
\o-

NOpa-PAMETWNBMUHONTPOBENSON ;
( Souen= 6,87R)

JIMMeTHIaHHIMH UMeeT JUINONbHEIN MoMmeHT 1,58 /|, a Hurpoben-
301 — 4,03 J1:

@) @-ﬁf:_

AUMETAARHWARH, 1, = 158 1) wwpofenson, 4 =403 A

CHauaja cpenmaeM IOnylieHHe (Ha caMoM JeJle HEBEPHOE), 4TO
JUIOJIBHBIE MOMEHTHI M JMMETWIAaHHJIHHA M HUTpOOeH30la o0ycHoB-
J€HBl HCKIIOUHTENLHO HHIYKTUBHBIMU 3(dexramu rpynn —N(CH3z), u
—NO,. Torna, B COOTBETCTBUH ¢ TeM, yTo rpymmsl —N(CH3); u —NO,
OTHOCSTCSH K 3aMeCTUTEIAM THIla (—/), BEKTOPHI JUMNOIBHBIX MOMEHTOB
JUTSI AMMETUIaHHWIMHA 1 HUTPOOEH30JI1a IOJDKHBI MMETh YKa3aHHBIE HIDKe

HalIpaBJICHUA:
O O

D8+ S+ =—8-
J‘1 J‘z
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Ecnu npeAnonokuTh, YTO AUNONBHBIE MOMEHT napa-IHMeTHIaMH-
HOHUTpoDEeH30Ma MOAYHHAETCS NPAaBHIY BEKTOPHOH CYMMBI IWIIONEH
CBA3€El, ero MOXKHO MPEICTABUTE KAK BEKTOPHYIO CyMMy JMITOJIBHBIX MO~

MEHTOB JUMETHIAHUIHHA U HUTpOOEH301a, T. €. M #1 + 1i5. Bexropsi
HalpaBIeHbl HABCTpedy APYT APYTY, H 3HAYHT, CYMMapHbli THIOABHBIH
MOMEHT OyZleT paBeH fi; = [Iﬁqu = —1,58+4,03 =245 /1. Ha
CAMOM [IeJi€ BEJIUYHHA lgyen = 0,87 [ NI H-HUTPOOMMETHWIAHUINHA
3HAUMTEILHO npeebiwaem cyMmy |up| + |pz|. Taxum obpasoM, uH-
NYKTHBHBIM 3¢¢eKToM HaOnronaeMbIi THITONBHEIH MOMEHT OOBACHUTH
Henb3sA, [IoMMMO WMHIYKTHBHOTO CMENIEHHs JJIEKTPOHOB CYIIECTBYET
eiie Kakoi-1o 3¢dexT, KOTOPOMY HYXKHO IpHIaTh GU3HYECKUN CMBICIL.
Tak BO3HHKAIOT NPeCTaBIeHUs 0 ME30MEPHOM 3¢ddekre.

ITocKOMbKY |ttoxenr] > |p1] + |t2|, pe3oHHO mpemmonoxuTh, YTO
BEKTOPBI 4] M [1; HAMPABIEHBI HE B Pa3HbIE CTOPOHBL, 4 B OIHY CTOPOHY.
Torna BEIUMCIEHHOE 3HA4YEHHE [ OyaeT OIMKE COOTBETCTBOBATE [iskcn
{(xoTopoe Oonblle CYMMBI 1] H fi2), UEM BEKTOPHAs CyMMa, YUYHTHI-
Baromas Jumb WHIYKTHBHBIE 3G dexTrl. CaenoBarensHo, HE0OXOIUMO
npMaaTh 00paTHOE HallpaBlIeHUE BEKTOPY AUIIOJIBHOTO MOMEHTA HIIH TH-
METHIAHWIMHA WIH HUTpoOeH301a. Teopra Me3oMepHOro s¢dexra yka-
3BIBAET, UTO 3TY ONEPALHIO CIeAyeT IPON3BECTH C JTHMETHIAHHIHHOM.
CornacHo TeOpHK ME3OMEPHOT'0 CMEIICHHS DIIEKTPOHOB, IPESTIOKEHHOMH
P. PobuuconomMm, [Ix. JIhnyoprom u K. Huaromenom B 1920-x ronax,
HETofIeIeHHAas 1apa BIICKTPOHOB aToMa a30Ta AUMETHIaMHHOTPYIIIE,
B3aMMOJIEHCTBYS C HEHACBILICHHON CUCTEMOH CBA3eH DEH30IBHOTO KOJIb-
{2, CMEIIAeTCH OT aTOMA a30Ta K KOJIBILY, YTO H300pakaeTcs Ha rpaduye-
CKOH (hopMyIIe ROMOTHUTEIHHON H30THYTOH CTpEenKoil. 3T0 CMellcHHe
IIPUBOANT K BO3HHKHOBEHHIO OTHOCHTENBHOIO MOJOXHTENBHOIO (T.e.
MeHee OTPHLIATENEHOr0, YeM B OTCYTCTBHE CMEIIEHH) 3apsa Ha aToMe
a30Ta ¥ OTHOCHTEJBFHOTO OTPHULIATENLHOTO 3apA/a HA aTOMax yriepona
6en3onbHOrO Konbla. CMeniaercs p-3IeKTPOHHAS [Tapa aTOMa a30Ta, OHa
CMEIACTCA YACMUYHO, T. €. DIEKTPOHHAS IUNIOTHOCTS, CBA3aHHAsA C DTOH
rapoil, B OCHOBHOM OCTAaeTCH NpHUHAUIeXKAIEH a30Ty.

e
0 G ® 7
(CH;)QI‘—@ NpY NOAHOM CMELLLeHUM: (CHa)N =®

S 2]
{cH oN =<_:>) npu nontoM cmewiem:  (CHa) N =©:e
D . [
(CH N =@‘§ AU NONHOM CMELLeHHH: (CH3)2N=®
e‘-
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Ilpu mMe30MeEpHOM CMELIEHHH AIEKTPOHHBIE MMaphl KaK YCTOWYHUBBIE
obpa3oBanus coxpaHsorcs. Ecii OBl NPOH30LUIO MOJHOE CMEILCHHE
napbl, TO NepBOHa4albHO 0Opa3oBaics OBl IBHTTEP-HOH C KapbaHu-
OHHBIM LIEHTPOM B Opmo-IONOXKECHHH K azory. HenopeneHHas mapa B
opmo-TIOJIOKEHUH MOIIa Obl CMEWAaThCs Jaliee B napa-TONOXKEHHE U
3aTeM BO BTOPOE Opmo-MONOKEHHE,

TaxkuM o6pazoM, orpuuaTeNbHbIH 3apsan OyneT paclpeneineH Mex-
Ay ABYMs Oopmo-yIIEPOAHBIMH aTOMAaMU M Hapa-yTIEpOIHBIM aTOMOM
OCH30/ILHOTO KONMbLA, YTO M300paxaercs ¢ OOMOIIBI0 (GOPMYIHL ¢

H30IHYTBIMU CTpeIIKaMIr{1 :

HIH Habopa KaHOHHYIECKHX Pe30HaHCHBIX GopM (cM. 1. 1, pasa. 1.10):

(CH,),'N'-@ «-—-»(cH,)j:b — (cn,)ﬁ:@:eo—-(cn,)z%@
&

HIH C ITOMONIBI0 TOYEYHBIX JIMHUH, H300paXkaromuXx «YacTHIHEIE» 7-
CBSI3HU («ITOJTYCBSI3U»):

VYV kaxmoit 43 3tHX cxeM o00o03HadeHH CBOM JOCTOMHCTBA M HENO-
crarki. B psme cinydaeB npeumymiecTBo Hajg nroDoit M3 HHX HMeeT
MOJIEKYISIPHO-OpOUTANBHOE OMMHCAHHE Me3oMepHOTro dhdexra (Me3oMe-
pHUH), KOTOpoe OyzeT paccMOTpeHo B pasz. 2.3.8.

Me3oMepHOE CMEIEHHE p- KW T-3JIEKTPOHOB B MOJIEKYJIEe JHMe-
TUIIAHUIMHA HMeEeT HallpaBJIeHHE, MPOTHBOIMOIOKHOE HHAYKTHBHOMY
CMEIIEHUID o-3NeKTpoHOB. Yacto (HO He Bcerma) Me3oMepHOe cMe-
uIeHUe OPUBOAMT K CMEIUEHUIO, IpeobnafaoeMy Hal HHIYKTHBHBIM
3¢ deKToM, T. €. W-INEKTPOHHI «D0Jiee HOHBIDKHLIY, YeM ¢-3EKTPOHBIL.
3710 0OYCIIOBIEHO TEM, YTO 7-3NEKTPOHBI, HAXOAACh Ha nepupepmii-
HBIX T-OpOUTaNsAX, MEHEEe NPOYHO, [0 CPABHEHHUIO C BHYTPEHHHMU
O-3NIEKTPOHAMH, CBA3aHbI C SAPAMHM, UX TOTEHI[UAT HOHU3AUUH MEHBIIE

! M30rHyThie CTPEIKH HOKA3IBAIT HAIDARICHHE ME3OMEPHOIO CMELIEHHS f- H T-3EKTPOHOB
BHYTPH MOJICKYJIEl. B HECKONBKO HHOM CMBICIE TAKHE K€ CTPENKH HCIOIB3YIOTCH JUIA 0603Ha-
YEHNS HAMpaBjleHWs CMEHIEHHA JEKTPOHHBIX map (ofpaTuTe BHUMAHHE HA XKENAHUE COXPAHHTHL
KOHLICTIIIMIO MISKTPOHHBIX [ap) B X0OAe XHMHYECKHX peaKLHi MEeXIy MONEKYIaMH, HanpHMep:

® s
HaN:™ \>c—’:'c1—> HaN—C

(<)
7 5
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H, CIEHOBATEIBHO, IOJApu3yeMocTs Ooibire. [lo3ToMy aumonbHBIN
MOMEHT, CBS3aHHEIA ¢ Me30MEpHBIM 3 deKToM, MOXKeT mpeolnaiaTh Haj
JHIIONLHEIM MOMEHTOM, CBA3aHHBIM C MHAYKTHBHBEIM 3 (deKToM, Tak 4To
CYMMapHBI MOMEHT AMMETHJIAHWIMHA MOXET MMETh HalpaBlIEHHE OT

KOJIBLA K 3aMeCTHTEIIO.
(CH3)1N—©

J— = UHAYKTUBHbIR

MOMEHT Q._———_.___Z:I MeaoMepHuE
@ cymmapnuﬁ

OnHaKO CYIIECTBYIOT IPYIIEI, UMEIOUIME, KaK U AUMETHIIAMHHOTPYIINa,
[IPOTUBOIIOIOKHO HAIPABIICHHEIE HHAYKTUBHBIE H ME30MEPHbIC CMeIIe-
HHS 31E€KTPOHOB, HO Y KOTOPbIX HHAYKTHUBHOE BIMSHUE HA IUITONBHEBIH
MOMeHT npeobnagaer. K TakuM rpymnmaMm OTHOCATCS, HAIPHMED, rajio-
rensl. Tak, qunonsHbie MOMEHTHI XsopOeH3ona (paza. 2.2.1) wim xmop-
stuneHa (CHy =CH;—Cl) HanpaBlieHsl B CTOPOHY YITIEPOIHOIO CKENETa,
T. €. yIMepoAHas w-cucTemMa o0elHeHa SJIEKTPOHHOHM IIOTHOCTRIO (IT0
CPaBHEHUIO ¢ GEH30/10M WU ATHIIEHOM).

Bosxukaer BOmpoc: MOYeMy ME30MEpHOE CMEHICHHE B JHMETH-
NaHWIHHE HAIPABIEHO OT JJIEKTPOOTPHLATENBHOIO 3JJIEMEeHTa a3oTa
B CTOpOHY GeH30ILHOrO Kojbla, a He Haobopor? OTBET COCTOHUT B
TOM, YTO NPH TAaKOM HanpasleHHH 3¢¢@eKra B IpelesbHOM ciydae
MIOTHOTO CMEIIIEeHUs! ITOJIYYHIACh ObI CTPYKTYpa € AECSTHIO NEKTPOHAMH
B BaJICHTHOU 000/I04YKe a30Ta, HAIPUMED:

S]

(CH,),N L_®

AToM a30Ta B NPHHIMIIE MOT OBl IPHHATE JTHIIHIOK I1apy SIEKTPOHOB
Ha CBOH ITyCThie OPOUTAIIH C IABHBIM KBAHTOBBIM YHCIIOM 3, OIHAKO 3TH
OpOHTAH ¥y a30Ta JIEXAT TaK BBICOKO, YTO 3aCEJIEHHE HX 3IIEKTPOHAMH
mpHBeao Obl K CHILHOMY YBEJIIHYEHHIO DHEPIHHM MONEKynsl. B crnyuae
HOPMAJILHOTO ME30MEPHOT0 CMELICHUA HEMOACICHHOI napkl OT a30Ta K
6EH30JI5HOMY KOJIBILY aTOM a30Ta XOTS M IIPHOOPETAET HOIOKHUTEIBHBIH
3apsi, HO COXPaHIET BOCEMHAIEKTPOHHYIO BAIEHTHYIO 00OIOUKY.

C TOUKY 3pEHUS TEOPHH MOJIEKYISIPHEIX OpOUTaNIeH B3aHMOAEHCTBUE
HEMOAEJIEHHOH Naphl 3JIeKTPOHOB aToma a3oTa ¢ w-opOuramsmu OeH-
30/IBHOIO KOJIBIA, T. €. JIENOKald3alliA HEMOeIEHHON 11aphl, IPUBOAUT
K OHWKEHHIO 3Hepruy 310 napsl. ClleZIoBaTeNbHO, TOMIKEH CYIECTBO-
BaTh KOMIIPOMHUCC MEXNY IOHIDKCHUEM SHEPrHH BCIEICTBHE ME30Mep-
HOTO CMEUICHHS M TMOBBIIICHHEM SHEPIHMH BCIEACTBHE NMPHOOpETeHUS
aTOMOM a30Td YaCTHYHOTO MMOJIOKHUTEIHHOTO 3apsaa. OT BeTHYHHB! STHX
SHEPTHH M 3aBUCHT BeIMIHHA Me30MepHOro sdidexra.
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B cnygyae HHTpoOEH30/2 HAmpaBleHHS MHAYKTHBHOTO addexta H
Me30MepHOro 3ddexra cosmagaroT. MesoMepHblil 3bdext cMmeuaer
T-3NIEKTPOHBl OEH30ILHOTO KOJIbIA [0 HAMPABICHHIO K CHIBHO JIEK-
TPOOTPHLATENFHOMY aTOMy KHCIOpOJa HUTPOrpynnsl. Bo3HuKarouii
B OCH30JIbHOM KOJIbIIE YACTHUHEIH [TOJI0KUTEIbHBIH 3aPsi/l pacipeeneH
MEXAY napa- U opmo-noI0KEHHIMH, 9TO MOXHO H300pasuTh CIenyro-
LUMHU criocobaMu:

o
7
114
win Noo
0 + -
4 0"
O — O+ O — O
0 o /[ o
] ,.
Secd

Teneps BO3BpaTUMCS K AMIOJILHBIM MOMEHTaM. MTak, COIIacHO
[IPaBHIIy BEKTOPHOH CYMMBI, BCJIEICTBHE ME30MEPUHU JUIONBHEI MO-
MEHT napa-AMMEeTHIaMHHOHHTPOOEeH3071a JO/DKeH OBITh PaBeH CyM-
M€ IMIONBHBIX MOMEHTOB [MMETHIAHHIMHA M HUTpoOeH3ona, T. €.
o= +u = 158 O+4,03 IO = 5,61 1. Onnako sxcmepu-
MEHTAQJBHO OIpENCICHHAs BEIHYHHA [lgeen = 0,87 | Ha 1,26 ]|
6onpme. Takoe OTKIOHEHHE OOYCHOBIEHO TEM, HTO IO CPABHEHHIO C
HEe3aMeNEeHHBIM TUMETHIAHHAXHOM HUTPOIPYIIA B nApa-IONOKEHUH
YCHJIHBaeT ME30MEPHOE CMEIIIEHHE BIIEKTPOHOB OT AHMETHAAMUHOTPYII-

Ilpy HanUYUU HUTPOTPYNIB KOMIIPOMHCC MEXIY NOHMKEHHEM
SHEPruy HENONENEHHOH Iaph! BCICACTBHE JEIOKATH3AUN U [TOBBIIIEC-
HHUEM 3HEpruH H3-32 BOSHHKHOBEHHS HAa a30T€ MOJIOXKHUTEIBHOIO 3apaia
BO3HHKaeT Ipu 0ojiee CHILHOM CMEILEHWH p-3JIEKTPOHOB OT TPYIIIbI
(CH3);N x OeH30mbHOMY KOIbIY. MOXHO chopMynupoBaTh oOliee
IIPaBWIO: €CHH Ha OJHOM KOHIlE COIpPSDKEHHOH 7-CHCTEMBI (HarpwH-
MED, B HApa-TIONOKEHHH OEH30JIEHOTO KOJIbIIa) HAXOAUTCA M-IOHOPHBIH
(nanpumep, (CH;3),N) 3amecTuTenp, a Ha IPyroM — 7w-aKIENTOPHBI
(rnampumep, —NO,) 3amecTuTeRb, TO ME3OMEPHOE CMEIIIEHUE INIEKTPO-
HOB (OT 7-JIOHOpa K 7-aKIenTopy) B Takoi cucreme OynmeT Ooiblue,
yeM CMEIEHHE 7-3NMEKTPOHOB OT HOHOpPa K 7-CHCTEME B OTCYTCTBHE
aKUenTopa U CMEIeHHe T-3IeKTPOHOB OT T-CHCTEMB! K aKUenTopy B
OTCYTCTBHE JIOHODA.

C noMOIIBI0 3TOrO MpaBMiIa yaaercss OOBSICHHUTH aHOMAajgbHO OONb-
O AUIONBHEBI MOMEHT Aapa-TUMEeTHIaMHHOHUTPOOEH30a.

IMomuMo ycunenust Me3oMepHOTo 3ddekra HeoOX0MO TAKKE YUIH-
THIBATE TOT (haKT, 4TO B HApA-HUTPOAUMETHIIAHWIMHE WHYKTHBHBIH
sbdext rpynnsl (CH3),N MOXeT 3HaYHUTEIBHO OCHADIATHCS BIHSHUEM
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HHUTPOrPYIIIBL. JTO CBA33aHO C TEM, YTO HMHIAYKTHBHBIH 3ddexr NO,
HAIIPABJIEH B IPOTHBOIIOI0KHYI) CTOPOHY IO OTHONICHHIO K MHIAYKTHB-
uomy apdexry (CH;);N, uro ymeHplllaeT HHAYKIHIO AUIONEH BAOIB
CHCTeMB! T-CBsi3ed yriiepoa—ymniepoX (Tak Ha3bplBaeMasi HecOINIacOBaH-
Hasi WHAYKIIHS).

€, N+L_ 3--NO,
(-n (=N

Benencreue Takoro >ddexra BrIan WHIYKTHBHOM COCTABIIAIONIECH NH-
FOJBHOTO MOMEHTA JIMMETHIAHUINHA IPH BBEACHHH napa-HATPOIPYI-
TIbl JIOJDKEH YMEHbBIAThCS U MEe3OMEepHasi CocTaBisomas Oyner urparb
OTHOCHUTEIIEHO OOJIBIIYIO POJb, YEM B HE3aMEIIEHHOM JIHMETHIIAHUIHHE.
DTO TAKXKE JOKHO IPUBOIUTh K HOBBIIEHUIO JUITOIBHOTO MOMEHTA IT0
CpPaBHEHHIO ¢ BEKTOpHO# cyMMOH. TeM He MeHee ITIaBHYIO POJb Urpaet
BCE-TAKH YCHIEHHE CMEIIEHHSN JIETKO MMOJAPH3YEMBIX p(7)-31eKTPOHOB
OJI ICHCTBHEM HUTPO3aMECTHTEIIS.

JIMMeTHIaMMHO- M HHTPOTPYIIBLL COIpPSDKEHBI JIPYr C JPYTOM B
MOJIEKYHE napa-AUMeTHIaMHHOHHTPOOEH30/1a 9epe3 w-CucTemMy. B cBs-
34 C 3TUM Me30MepHBIH 3pQexT HaspBalT enie 3PpQexToM comps-
sxerus. ConpshKeHHe — 3TO B3aHMOIEHCTBHE JTOKANbHBIX 7-CBA3€H MO-
JeKynbl U Ha S3bIKE TEOPHH MOJEKYISPHBIX OpOMTaneill DKBHBAJIEHT-
HO OOpa3oBaHHUIO ACIIOKAIIM30BaHHBIX 7T-opOurtaieil. s nmposeiIeHHs
addexra HeoOXonMMO, 4TOOBI JIOKAJNBHBIE T-CHCTEMBl HAXOOUIINCH B
ONTHOH IUTOCKOCTH, TaK KaK TONBKO B 3TOM CIydae BO3MOXHO 00-
KOBOE€ IlepeKpblBaHHe opOuTanei 7-Tuma. B HEkoTOpEIX Monekynax
GOpManbHO BO3MOXHOE CONpPSKEHHE HE OCYLIECTBIAETCS M3-3a IIPO-
CTPAHCTBEHHBIX B3aUMOMAEHCTBHH, NPENATCTRYIOLINX CYIIECTBOBAHHEO
JIOKANIBHBIX 7-CHCTEM B OXHOHM IuiockocTH. Hampumep, aumonbHbIH
MoMmeHT (4,11 [1) 1-muMeTiiaMiUHO-4-HATPOTETpaMETHIIOEH301a (JTUMe-
THIIaMHHOHUTpOLYyposia) Ha 2,76 J| MeHbIIE, YeM AUIIONbHBIH MOMEHT
napa-nuMeTHNIaMEHOHUTPoOeH30Ma (6,87 /1), u muie HeMHOro onbe,
yeM MOMeHT HuTpoaypona (3,62 [1).

CH; CHg CHy CHs
(CHz) N NQ, NC,
CHy CHs CHy CHy

RAMeTRIaMHHOMKTPOAY POl w=4,11 ]I wnmrponypon u=3,62 11

B 3TOoM ciydae IMMETHNAMHHO- M HUTPOTPYITIBI HENb3s HOMECTHTD
B IPOCTPAHCTBE MEXIAY IBYMSI OpmoO-METHIBHLIMH 3aMECTHTEIISIMH,
€CJIH NIPH ITOM PAacHOIOKHUTHh HX B ILIOCKOCTH OEH30IBHOIO KOIbla H
COXPaHHThH KHOPMAJILHEIE» JUTHHEI cBsa3eH (Tabn. 2.3 u 2.4), Tak KakK 310
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Tabnuna 2.6
Me3somepHble addeKTsI REKOTOPHIX Ipynn

OrtrankuBanue w-31eKTpoHoB (+M-3¢hdexT), 7-T0HOPHbIE IPYNNbI
+
-0~ > —-0R > —-0R,

+ +
—S7 > —-SR > —S8SR; (SR; nposraser yxe (—M)-3¢dexr)
—NR2 > -OR > —F
—OR > —SR > —SeR
-F>-Cl>—-Br> -1
TIputsxeHue 7-anexkTponos (—M-3ddekT), 7-aKuenTopHbie rpymnsl
+
—CR=NR2 > —CR=NR
—C=0> —CR=NR > —CR=CR;
—C=N > -C=CR

MpHBeJeT K CHIIbHOMY NMOBBIICHHUIO JHEPTUM H3-33 B3aHMHOTO IIPOHHK-
HOBEHHS 3aI0NHEHHBIX MEeKTPOHHBIX obosouek rpynn CHs u (CH3),N
umu NO,. Opmo-MeTUNbHEIE TPYNOBl NPENSTCTBYIOT PACHOIOXEHUIO
IVMMETHIIAMUHO- U (B MEHBIIeH CTeNeHH) HUTPOTPYIIEl B IIIOCKOCTH
OeH30JBHOr0 KONbIA (3TH TPYIIBI MMOBOPAYMBAIOTCS HAa HEKOTOPHIH
yTOII), CONpPsDKEHUE HApYIIAeTCA U ME30MEpHHIH 3 (heKT CHIBHO Ocia-
6epaet. CirefoBaTeIbHO, ME3OMEPHBIN M TIPOCTPAHCTBEHHBIH 3 heKThi
CHJIPHO CBS3aHBbl.

Tak xe Kax B WHIYKTUBHBIH 3¢pekT, Me3oMepHBIA 3 dekT MoxeT
OBITh TOJIOKHATENBHBIM (+M-3¢dekr) unu oTpunaTenbHbIM (—M-3¢-
¢dexr). HanpuMmep, nuMerunamuHorpynmna obmanaer (+M)-addexrom,
T. €. CHOCOOHOCTBIO CMEINaTh HEMOJAETIEHHbIE Iaphl p-3EeKTPOHOB IT0
HallpaBJICHHIO K CBA32HHOM C HeH CONpsDKEHHOHM CHUCTeMe, HalpuMmep
0EH30JIBHOMY KOJIBITY; HATpOTpyIna umeeT (—M)-o¢dekT, T. e. IpUTIru-
BaeT T-3UEKTPOHHYIO IUNIOTHOCTh. KauecTBeHHAs KapTHHA ME30MEPHBIX
3((EeKTOB HEKOTOPHIX YaCTO BCTPEYAIOIIMXCH OPTraHUYEeCKUX IPYIH
npuseneHa B Tabn. 2.6.

Hzydenue tabn. 2.6 1103BOISIET YCTAHOBUTE P OOLIHX IPaBUI I
ME30MEepHOTO ddekra.

1. 3aMecTHTENH, CONEPIKAIINE aTOMBI 0OJIee NEKTPOOTPHIATEIBHBIX
JJIEMEHTOB NaHHOre nepuona IlepHogHYEcKol cHCTEMBI, 00namaroT
meHbuM (+M)-3dpexrom (—NR, > —OR > —F), so Oonpmum (—M)-
apdexroM (—C=0 > —CR=NR > —CR=CR;). Oanaxo npy H3MeHe-
HHH CBepxy BHH3 no rpymme Ilepuonuueckoil cucteMsl (+M)-a¢derr
ymensmaercs (—F > —Cl > —Br > —I). [locnennuit addexr Haxonut
0OBSICHEHHE B TEOPHHM MOJIEKYJISIPHBIX OpOHTalIeld, COMIACHO KOTOPOM
Me30MEPHBIH 3)heKT 3aBUCUT HE TOIBKO OT ANEKTPOOTPHUATEIBEHOCTH
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MIPOSBIISIOLETO €T0 3IIEMEHTA, HO U OT 3P(PEKTHBHOCTH NEPEKPBIBAHHSA
cocenuux p(w)-opburaneit. D(heKTUBHOCTE NEepeKpLIBAaHMU HAUOOIb-
mas JUIS JJIEMEHTOB OJHOTO M TOTO K€ IIepHOMA, U, HOCKONBKY B
OpPraHHYEeCKOH XHMMH paccMaTpUBAaeTCs B3aHMOJICHCTBHE 3aMECTHTEIN
C YIJIEPOAHBIMHU T-CHUCTEMaMH, p(7)-IiepeKpblBaHue p-opduranei gpropa
(omeMeHT TOoro Xe NepHona, 9T0 U YIIepo1) AOJDKHO ObITh at¢eKTHBHEE,
yeM I Doiee TAKEIBIX TaJIOTeHOB, 0OCOOCHHO Hona.

2. Kak ¥ MHIYKTHBHBIA 3Q(eKT, CTeleHb ME30MEpHOIO CMellle-
HHsl 3aBUCHUT OT 3AEKTPHUECKOTO 3apsaa 3aMmecturens. OTpuuarenn-
HO 3apsDKeHHBbIE TPYNIIBl ABISAIOTCH Haubolee, a IMOJIOXKHTEIBHO 3a-
PSDKEHHBIE TPYIIEI — HAMMEHEE CHIBHBIMH ME30MEPHBIMH JIOHOPaMH

+ +

(07> —-0OR > —-OR; mwm —S~ > —SR > —SR;). Haobopor, misa

(—M)-3amecTurenei Me3oMepHBIH 3¢deKT IpH HATHIUU OTOKHUTENb-
+

Horo 3apsaa ycmiuBaeTcsi (—CR=NR; > —CR=NR). 3nanue storo

(hakTOpa MO3BONIAET ONTHMH3HPOBATH YCIIOBHS HPOBENEHUS PECAKI[UH.
Tax, KHCHOTHBIE KaTalaH3aTopbl, HAPHMED MPOTOH, HPHCOEAHHSAACH K
aToMy Kuciopona xapbonunsHo# rpynmel (C=O0), pe3ko YCHIHBAOT
criocoOHOCTH, KapOOHHIBHON I'PYINEl K HYKICOQHILHOMY ITIPHCOEIH-

HCHHIO. 3
o G
C\H H

bensanbaerng NPOTOHMPOBAHHbIA
cpeaHui Gensanpaerus,
{(-M)-3gpmexr cunbHbln (M) 3peperT
MeAnehHan| o buicTpas | ©
peakuus | CN peaKuyus CN
2]
0 OH
/ /
C—CN C{CN
\H H
GHUOH LManruapuHa UMBRUAPYH

Me3zomepHEIit 3pdekT 3aMmecTuTens oOBYHO Iopa3fo CHIbHEE, YeM
WHAYKTHBHBIA 3(QGEKT, ¥ CHIBHO 3d8UCUm Om NPUpoobl OCMAAbHOU
yacmu Moaekyavl; MO 3TOH IPHYHHE €ro NPAKTHYECKU HENb3s YHH-
¢buIUpoBaTe, T. €. MOCTPOHUTH €IHHYIO IIKATY ME30MEPHBIX «KOHCTaHT
3aMECTHTENeH» IS BCEX MOJEKYJISIPHBIX CUCTEM,

2.2.3. ME3OMEPHBIH 3POEKT GPEHAJIBHOMN I'PYIIbI

®enunpHas rpymnna CgHs (1 apyrue nonobHble Tpymnnsl, HamnpH-
Mep —C=CR) comep>XHT TOJIBKO aTOMBI YIJIEpOAa U BONOPOAA, T.e€.
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aTOMBI IEMEHTOB C HU3KOW JNEKTPOOTPHUIATENbHOCTHIO. [loaTOMY 33-
Mecturens CgHs MOXeT OBITh Kak JOHOPOM, TaK M aKUENTOPOM 7r-
AMEKTPOHHOH nnoTHocTu. Hampumep, B TpudheHUIMETHIBHOM KaTHOHE
C¢Hs BBICTymaeT Kak JOHOPHBIA 3aMECTHTENb, @ B (EHOKCHIA-HOHE —
KaK aKUEINTop 7-37IeKTPOHHOHN IUIOTHOCTH OT aHUOHHOTO LEHTPA.

CeHs
o e
CeHs

(+M)-3qppeKT CeHe (-M)-3pepexT CgHg

bonpIIMHCTBO e 3aMecTUTeNell B OPraHHYeCKHX COEIHHEHUAX Couep-
JKaT anexTpooTpHuarensusie atoMbl (N, O, S u np.). Ecnu snexrpo-
OTPULIATENLHEI TeTepPOoaToM, UMEIOMUH HEMONEICHHYIO Mapy, CBA3aH
HENOCPENCTBEHHO ¢ MPOBOAIIEH 3PheKT m-CHCTEMOH (TpymIIb] ~NR,,
—OR, —SR, —F u mp.), to nposeasercs numb (+M)->ddext, a
€CIIH NEeKTPOOTPHIATENbHBIH aTOM CBS32aH JIBOMHOMH CBS3BIO C APYTHM

//O
aTOMOM H IIOCIEOHHI He UMEeT HEIIOAEIEeHHOH maphnl (Tpynnbl —C\R,

+
—NO,, =N=N u T n.), To npossierca (—M)-3¢dexr. Ipynmel -

O
.
na —NHC\ nposBastoT (+M)-3¢dekT u3-3a HaUYUs HEMOAEeseH-

HOM mapel y a30Ta, ofHako 3T0T 3ddekT ocnablieH Mo CpaBHEHHIO
¢ addexrom rpymmel —NH, BCIeACTBHE CONPSKEHHS HENONETEHHOH
rmape! ¢ KapboHMIBHOH Tpymmoid. Takum obpasom, Harpumep, B na-
Ppa-alleTHIaMUHOTPU(QEHUIIMETHIFHOM KaTHOHE 7r-3NIeKTPOHHAs IUIOT-
HOCTh MEHEE CMEUIEHA B CTOPOHY IONOXKHTENBHOIO LEHTpa, YeM B
napa-aMHHOTpnq)eHHnMeTnanOM KaTHOHE,

CeHs

N l
-@lc‘*’ NH; I

CSHS CSHS

JIBycTOpOoHHEE CONPSIKEHUE B alle THIAMWHOIPOH3BOIHOM HOCHT Ha3Ba-
HUE KPOCC-CONPANCEHUL.

C HenpeaB3sSITOH TOUKM 3pEHUs, MOXKHO IOJIaratb, 9T0 HE TOJIBKO
tdhennn, Ho moboii 3aMecturens obnanaer u (+M)- u (—M)-addexTom.
Ecau naxxe onuH U3 3TUX 3(¢EKTOB OYECHb Mal WIH PaBEH HYIIO, TaKoH
MOIXO HENb3s1 CUUTATh CIHIIKOM TPHBHANBHBIM. [IpHunHa BKITIOUEHUS
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HyJeBBIX 3((eKTOB B KAKOH-TO CTEICHH CBA3aHA C )XeJaHHEeM Kiac-
CHOHUIIMPOBATh KaXKIbIH 3amecTuresns mo BceM 3ddexraM, a Takke c
dopmanu3MoM mporpamMm st IBM.

2.2.4. ME3OMEPHBII 2®OEKT FAJIOTEHOR

Oco0sblif BONPOC BOZHHKAET IPH UHTEPIPETALUH ME3OMEPHEIX 30-
(heKTOB rajoreHoB. DTOT BOIMPOC AOCTATOYHO CIIOXKEH U Tpebyer ce-
pre3HOro BHuMaHus. [loueMy Me3oMmepHBIe 3(deKTs ranoreHoB OTHO-
CHUTENFHO MaJbl U modYeMy (GTOpY B napa-TIOINOXEHHH IIPHIIMCHIBAIOT
¢1a0b1il 2MEKTPOHONOHOPHEBIN 3(ipeKT, a APYrUuM rajaoreHam — ciaOblil
anexkTponoakuentopaslit 3¢hdexr? [Ipexae Bcero HeOOXOAMMO HMETH
B BHJy, YTO BelNMuYWHa WU HampaBieHHe >(dexTa ompenensiorcs U3
SKCIIEpUMEHTANIBHBIX HabnromeHuit. Eciou, HanpuMep, MBl Habmonany,
910 napa-F-3aMecturens yBenWYHMBAaeT CKOPOCTH COJBBOIM3A mpem-
Kymuuixiopuaa (ypaBHenue 2.1) 1Mo cpaBHEHHIO C HE3aMELICHHBIM
(napa-H) coenunennem, a napa-Cl, napa-Br u napa-I-3aMecturenn He
YBEIMYHBAIOT (MJIH YMEHBHUIAKOT) CKOPOCTh, TO MBI HOIDKHEI IIPUIMCATH
¢ropy noHopusiit (+M)-sddexr u cuurarh, yTo XNOp, OpOoM U ioA
(+M)->ddexra B 3T0H peakuuH He NposBIAOT. C Apyroil CTOPOHEI,
TIOCKOJIbKY BBelieHHe B napa-tonoxenue Cl, Br unu I cmemaer pas-
HOBECHE KHCJIOTHON HOHM3armuu ¢eHona (ypaBHeHHe 2.2) BIpaBo, a
BBefIeHHEe napa-l-3aMecTUTENs He H3MEHJeT HOJIOKEHHS DABHOBECHS
(wny crBUTAET €ro BJIEBO), MBI NOJDKHBI NPHHOHCATL XJIOPY, OpoMy H
fony (—M)->¢dext. Taxue BoIBOBI BOIMOXKHBL, €CIIH BIMAHUE rajore-
HOB TPYAHO OOBSCHUTEH NMPOCTO HHAYKTHBHBIM (—I)-3ddexToM. IToro
CIleNaTh Helb3s, Tak KaK GTop, obnanaromuit MomHLIM (—/)-3¢dbexTom,
JOoJKeH ObUT 3aMeqIATh peakuuro (2.1), a Ha OmbITe HAOIHONAIOCH
yckopenue. B peakmuu (2.2) KUCIOTHOCTE (DEHONOB YBEIMYHUBAeTCS B
psany: H (pK, B Bome 9,99) < F (9,89) < Cl (9,41) < Br (9,37) < I
(9,33), xorst HHAYKTHBHBIN 3¢ (}EeKT, KOTOPHIA TOMHKEH CTaOHIH3HPOBATD
3aMeIIeHHb (hEeHONAT-UOH M TEM CaMbIM YBEIMYHMBATE KMCIOTHOCTS,
JefcTByeT B oOpaTHOM HarpaBlIeHHH. 3HAYUT, SKCIEPHMEHTATBHBIH
a¢bdext (T.e. 0OpaTHEINR MOPANOK U3MEHEHUS KHCIOTHOCTH (DEHONOB)
CBA3aH C ME3OMEpPUEH.

MeLIeHHO ,0
x—<_=_>~cl(cr+3)2 _ x.©-c(c )zm)é'@'?((:”ﬂz (21)

Ct OH

_O_ — x—@—oe + H (2.2)

IpuHIMIUaIEHO TaJOreHbl JOMKHEI OPOSBISTEH (+M)-d3ddexT, Tak
KaKk OHM HMEIOT HEIIOJAEIEeHHbIE ITaphl JIeKTPOHOB, OJHA M3 KOTOPHIX
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CONPSKEHA C T-CHUCTEMON OCTAaJbHOU 4acTH MOIEKYbl, TeopeTHuecKu
T-JOHOpHAsl MOABHXXHOCTb 3TOH p-maphbl NOJKHA, BO-IIEPBBIX, YMEHbB-
MAaThCs € POCTOM 3NEKTpooTpunareasHocTH atoMa (I>Br>CI>F), Ho,
BO-BTODBIX, YBEIHYHBATECA OT Hona x ¢ropy (F>Cl>Br>1) B coorBeT-
CTBHH € Te€M, 4TO (TOp ~ DIIEMEHT TOT0 ¢ MeprHola (BTOPOro), 4TO U
YITIEpOJ M KUCIOPO, IO3TOMY 111 PTopa epekphiBaHKne p(m)-TUna 3¢-
¢exTuBHee. BTopoi ¢akTop MOABHXHOCTH peotliafaeT Hal NepBbIM.

(—M)-D¢dext, TeopeTHISCKH BO3MOXHBIN ANA napa-raloreHo3ame-
MIEHHBIX (PEHONST-HOHOB, MOXKET IPOABIATHCA TOIBKO JUIS TSXEIBIX
FaJIOTeHOB, HalpuMep foxa:

I @[&e NOpE-XMHOWAHAR NpegensHas T@:O
CTPYKTYpa

Mo MMeeT OTHOCUTENHLHO HU3KONEKAIME [YCThIE p-yPOBHU M MOIMY
MOXET PacIIHMpATh CBOIO BJIEHTHYIO 00onouky no genera. s ¢ropa
(—M)->ddexT uiu o9eHb Majl, WIH paBeH HYIIO, IIOCKONBKY €ro IIyCcThie
YPOBHH (CKameM, 3p) JieXXar CIHIIKOM BBICOKO W He 3aCellIIoTCH.
CrnenoBarensHo, 110 TeopeTHdecKkoMy (—M )-3ddeKTy rajoreHsl MOXXHO
pacnonoxuthb B pan: [>Br>Cl (>F).

(+M)-3ddext ro3MOxkeH I peakund (2.1), B KoTopoil obpasyercs
KaTHOH, H HEBO3MOXEH JUTA peakuy (2.2), B KOTOopoit o6pasyercs aHUOH.
Hao6opot, (—M)-3ddekT TsaKenbIX rajJoreHoB BO3MOXKEH I peaKiuy
(2.2) u HeBO3MOKEH IS peakiuH (2.1).

Me3somepHsie 3hdeKxTs! IeHCTBYIOT Ha (OHE CHIBLHBIX HHAYKTHBHBIX
a¢dexroB rajmoreHos. OTH (—I)-3ddexrs 3aMenitor peakuuio (2.1)
(bonee Bcero mas $propa) U crrocoOCTBYET CMENISHUIO paBHOBecHs (2.2)
Bpaso. Ilonyuaercs cnoxHas xapTHHa Hanoxenus (—I)-3¢dexroB Ha
(+M)-sddexrsr B peaxiuu (2.2) u (—M)-3ddekrs B peakuuu (2.2).
Ot ToHKOro fasnaHca pa3IUYHBIX IIEKTPOHHBIX CMEINEHHH M 3aBUCUT
SKCHEPHMEHTAIbHO HabJIoNaeMoe H3MEHEHHE CKOPOCTH MM IOJIO0XKe-
HuUs paBHOBecHs. 1103TOMY 3nexTpoHHbIe 3¢ ()eKTHI B IPYIIE TaJIOTCHOB
MEHSIIOTCS] «HEMpPaBHIBHEIM» 00pa3oM. B ciyuae MeHee 2IeKTpoOTpH-
uarespHeIX 3amectureneit (—NR;, —OR) unnyktuBsbii (—7)-3¢hdext
MEHBIIE ¥ OJHOBPEMEHHO BO3PACTaET CIOcOBHOCTE K (+M)-CMEIEHHUIO.
(—M)-Dddexramu 3TUX 3aMecTUTENEH BTOpoil rpynnsl [lepuonndeckon
CHCTEMBl MOXKHO npeHeOpeub. [TooToMy Me3oMepHBIH 3(QeEKT jerye
OTIEJIUTH OT HHIYKTHUBHOTO.

2.2.5. THIEPKOHBIOTANUS WIN CBEPXCOINPAXKEHHUE

MetuneHas rpynmna obnagaer (+M)-3¢¢ekroM, XOTS OHa He Colep-
SKUT HEIOAETIEeHHBIX 1ap 3JeKTPOHOB (cM. Tabi 2.5).
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Kak u3BecTHO (pasz. 2.2.1), alKuibHbIE TPYNIB XapaKTepH3yloTcs
Oo4YeHb HeOONBIIMM ITOJIOKHTEIBHBIM HMHIYKTHBHBEIM 3(heKTOM, T.€.
CllerKa OTTaJKUBAIOT MEKTPOHBL. MHIYKTHBHBIA 3(P¢eKT ajiKHIBHBIX
IPYIII YBEJIMYHUBAETCA B PAOY:

CH; < CH3CH; < (CH3),CH < (CH;)sC.

B atom ke pspy yBenuuHBaeTCA M OTHOCHTENbHAA CTAOHIBHOCTH ail-
KHIIBHBIX KaTHOHOB (CM. TI1. 9). bonee BbicoKas CTaOHIBHOCTH 3TUIHHOTO
KAaTHOHA 110 CPAaBHEHHIO C METWIBLHHIM OOBSICHSETCA NEpPEKPHIBAHHEM
nycToil p-opburanu ¢ o-opdburamsiMu CH-cesa3eit cocenneil MeTHIBHOR
rpymmnbl, Atot addexr ycunuBaercs s mpem-OyTHIBHOTO KaTHOHA,
[I€ UMEIOTCS TPHU METHIbHBIE TPYIILI, CTAOMIH3HPYIOIIHE TIONOXKHU-
TeIbHbIH 3apsj KapOOKaTHOHA 3a CYeT AelIoKanu3alud. Takod s¢dext
TIONIy4HJ1 Ha3BaHUE ZUNEPKOHBIOZAYUU, WIH CE8EPXCONPAINCEHUA, XOTA
3TOT TEePMHH HeyJadeH, ITOCKOJIbKY [0 BeMHuHHe 3G¢exT ropasno
MEHBIIE, YeM 3(GhEKT CONpsKEHHsA KpaTHBIX cBA3eH B 1,3-Oyranuene
H COIIPSDKEHHBIX nojiueHax (cMm. mL. 7).

['MnepkoHBIOTallUi0 U300pa)aroT ¢ MOMOIIBI0 H3OTHYTHIX CTPENOK,
HampHuMep:

HH A

H}KAE’CH, H}c\-@cnz Hﬁc}—c‘*’

H H H ,“D\
STURbHSIA ngpa-MeTANBeN M NoHbA HuH |
KaTHOH KaTHon 7pe7-8Y T NbHBIK

KaTuoH

OtH QopMyNBl 03HAWAKOT, YTO O -dMIeKTpoHBl cBsa3eit C—H wacTuu-
HO CMEUIAIOTCS Ha BaKaHTHBIE p- HIH w-opbuTand. CrnocobHOCTh
O-3NIEKTPOHOB K TaKOMY B3aWMOJIECTBHIO 3aBHCHT OT KOHKPETHOTO
THNa o-cBs3H. D¢Pdexkr He npogsiasercd B ciaywae o-cBaze C—C
{mpem-OyTunbHas rpymnmna), 3aMeTeH B caydae o-ceszeit C—H u ouens
BEJTWK A o-cBA3ell C—MeTaul B METAJUIOPTaHMIeCKHX COETMHEHHSIX
(cM. 1. 19). B Hacrosmiee BpeMsi Hapsy ¢ TEPMHHOM «THHCPKOHBIOTa-
[UsD» YacTO UCIIONB3YETCS TEPMUH (T, T ,-COIPSDKCHUE.

O¢dexr THNEPKOHBIOTALUH TPOABISETCS HE TOJIHKO B CKOPOCTSX
peakuuii, HO U B CTATHYECKOM COCTOSIHUH MOJIEKYJI, HauphMmep B
BEIMYHHAX TUIIOIBLHBIX MOMEHTOB. Tak, AUMOIBHBIH MOMEHT MACIISHOrO
anereruna (OyTaHasnst), BBIYMCIIEHHBIN 10 NpaBUJly BEKTOPHOHW anau-
THBHOCTH, HCXOJS 13 MOMEHTOB [TPOIIMOHOBOTO aJbAeTH/a (1ponaHans)
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M NIPONaHa, OTNHYAETCA OT IKCIePHMEHTAIbHO ONPENSICHHOIO BCEro
Ha Ap=0,03 1:

O

7
CH;CH,CZ. p=2,54 ]I
H
npoIasaJib
CH3CH2CH3 M= 0
IIPONAH
/O
CH;CH,CH,CT_ Lo =2,54+0=2,54 I

H Hsken = 2,57 1
5yTaHaJIb A‘U, — 0,03 IL

B TO e BpeMs AHITOJIBHBIH MOMEHT, BEIYUCIIEHHBIH U KPOTOHOBOIO
anpaeruna (nponmieH-1-kapbanpaeruaa), UCXOMd M3 IUMOIBHBIX MO-
MEHTOB aKpOJIeHHa (IPONeHaNs) U NPOMIIeHA, OTJINIAeTCSA OT IKCIIEPH-
MeHTainsHOM BenuyuHs Ha 0,41 O:

0
V4
CH,=CH-C7 1=2,90 IT
“H

AKPOJIeHH

CH;—CH=CH, 1=0,36]]

CH3\CH_ ~ B
~CH\ //O Moy = 2,90 1 +0,36=3,26 [T
C
\H Poxen = 3,67 [,

mpallC-KPOTOHOBbIﬁ aJbaerua Au= 0’41 VH

Taxum obpazom, gepes w-cucreMy —CH=CH-rpyrmma CH; B3aumo-
ngeicteyer ¢ rpynnoit —CH=O0 ropasno cuisHee, YeM uepe3 o-CBS3b
—CH;—CH;—. 370 saBIseTCA JOBOIOM B ITONE3Y FHNEPKOHBIOTALMH.

Teoperuieckoe 00bsCHEHHE THIEPKOHBIOTALIMH JIETYE BCETO JaTh C
MTOMOIIBIO METOA BO3MYIIEHHI MOJIEKYIsPHBIX OpOUTasiell, u B pasaeie
2.5.4 MBI BEpHEMCS K 3TOMY BOIIPOCY.

Ecmu cymectBytor (+/)- u (—I)-3¢pdekrel, a Tarke (+M)- u
(—M)-a3dbdexTs1, To clieayeT oxugarb, 9to kpome (+AM)-sddexra cps-
3eit C—H nomxHsbl cymectBoBaTh CBa3M C—X C IMPOTHBOIOIOXKHBIM
(—M)-3ddexToM, OCYIIECTBISIOMIMMCS [10 TUILY O, T-CONPIKEHHS. DTOT
adpexT nMeeT Ha3BAHUE OMPUYAMENbHAA SUNEDKOHBIO2AYUS; €TO Clle-
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OyeT OXUJaTh, HapuMep, U TPHGTOPMETHNIBHOM IPYNIILI B nApa-Tio-
JIO)XEHUH TPHGTOPMETUI(DEHONITAHHOHA:

OTHAKO CTPOTHME 3KCIIEPUMEHTAILHEIE JOKA3aTEBCTBA OTPUIATENBHON
THIIEPKOHBIOTAIMH OTCYTCTBYIOT.

2.2.6. ME3OMEPUSI B OPTAHNUYECKHX KPACUTEJIAX
U DAI'MEHTAX

MesomepHbtit 3ddexr Mb MOXKEM HaONIOAATH HENOCPENCTBEHHO.
OxpanieHHrIe OpraHUYeCcKHEe COEAMHEHHS COCTOAT U3 MOJEKYI, B KOTO-
PBIX UMEETCS CONPSKEHHE MEXKIy KPaTHBIMU CBA3SMH M, KaK IIPABHIIO,
Ha OJHOM KOHIIE COIPSIKEHHOH m-cucTeMsbl, cocrodmed u3 C=C u
N=N-cBs3eit, Haxoaurcs (+M)-rpynna, a Ha ApyroM — (—M)-Tpynmna.

Ham mia3 criocobeH BOCIPUHAMATE 3MEKTPOMATHUTHEIE H3TYUEHUA
B niuarrazone oT 400 1o 800 HM, KOTOPBIH [TO3TOMY Ha3bIBACTCA 8UOUMOU
obnacmero. Ecny Ha ceTyaTKy Iviaza MONAAAIOT ONHOBPEMEHHO M C
O/IMHaKOBOI HHTEHCHBHOCTBIO JTy4H BCEX JAIHH BOJH BHIUMOH obnacTy,
HAIpPUMEP OT COJIHIIA, MBI BOCIIPHHUMAaeM HX Kak Genbiii cBeT. Ecnu a3
PETHCTPUPYET JHING YACTh 3TOTO U3IYUYCHHS, TO JIYUH OIpENEIeHHOM
JUTHHBI BOJIHEI KaXYTCsI HAM OKpallleHHbIMU. EciM Ha ceTuaTKy Boobue
He MONaJaoT JIyYH YKa3aHHOIO JHana3oHa, TO A 4el0BeKa HAacTymaeT
TEMHOTA.

Korma Ha KpacuTends (MIHM IMTMeHT') mamaeT Genblif CBET, 4acTh
HIIYYEHUs C ONPENEICHHOM IJHHOM BOJHB! IOIVIOIIAETCA, a JApYy-
rasi 4acTh OTpaXkaercd. JTa OTPaXEHHAs YacTh NOCTHIaeT CETYaTKH,
BBI3HIBAA OIIyINeHHE IBeTa. Eciu, Hampumep, KPacHTENb IONIOMIAET
JKENTYIO KOMITOHEHTY BHIHNMOTO CBeTa ([UIMHA BOMHBI 580 HM), TO MBI
OyZeM BOCIPHHHMMATE IPEJIMET B TaK HA3BIBAEMOM JOMOIHHTEITHHOM
UBeTe, B JIAHHOM Cilydae kak cuuuil. B Tabn. 2.7 npuseaeHsl 1BeTa
HEKOTOPLIX OTHEIBHBIX Jy4del CBeTa, NOMIOIAEMBIX KpacHTENleM, U
COOTBETCTBYIOUIME AOIOTHHTEIBHEIE 1[BETA, BOCIPUHUMAEMBIE TIIa30M
KaK LIBET KPacHUTels.

INormolnas KBaHT CBeTa OINpPEAEIeHHOH YacTOTHI, MONEKYNH Kpa-
CHUTENIs Tepexonsar B Bo3OyxneHHoe cocTosHHe. Ecnmu B Momekyrme
COIPSDKEHUE TepenacTcs ¢ IOMOMIBIO 7-CHCTEM OEH3ONIBHBIX KON,
TO BO30YXICHHOE COCTOSHHE MOXHO OIHCATh XHHOMAHOMN CTPYKTYpPOIit,

| Kpacurens oToMuaercs OT NHIMEHTa TeM, 4TO KDACHTENh DACTROPHM H OKPALIMBAHHE
HIPOH3BORHTICE M3 PACTBOPA, a ITMIMEHT HEPACTBOPHM M [UIS OKPAlIMBaHHA HCHOIB3YeTCs B BHIE
CYCIIeH3HH.
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aHaJOTHYHO TOH, KOTOPYIO MBI PACCMATPUBAIM NP OOBACHEHHH Me30-
MepHoro >¢dexra. HanmprMep, s kpacHTeNss METHIOBOTO KPACHOTO:

HO 0 o
\C£ HO\C e
I o o
PPy (e
METUN0BLIA KpaCHBIN BOIBY:KAeHHOR UBUTTep-HOHHOR

(ocHosHoe cocTosmue) {6eTanHomoe ) cocTossme

YeMm Oonbmne CKIOHHOCTh MOJIEKYNBI K ME3OMEPHH, T. €. 4eM Oonee
HNPOTSKEHHAsT CONpPSDKCHHAs CHCTEMa, TEM MEHBIIE SHepreTHyecKas
mienb MEXIY OCHOBHBIM M BO30YXXIEHHBIM COCTOSHHAMH. Takyio Mo-
JeKyl1y nerde Bo3OYNHTH, T.€. OHa OymeT BO3OYKIAaTbCcsi CBETOM C
OopIIol AMHHOM BOTHEI (MaNoi 4acToTol). 3TO 0O3HaYaeT, HanpUMep,
YTO B KpacHOM KpacuTese, KOTOpPEIH MONIOMAET CBET ¢ A ~ 540 HM,
Me30MepHBIH 3pdexT Oonbpiie, YeM B aHAJIOTMYHOM [0 CTPOEHHIO,
HaIIpUMeED JKeNnToM, Kpacurene (A ~ 480 um).

B kadyecTBe mprMepa CPaBHHM CXOIHBIE IO CTPOCHHIO allbJAETHIBI
(A), (B) u (B), ornmuuaronmecs IIMHOM HEMH COMPIKEHHBIX IBOMHBIX
CBA3CH MEXAY TUMETHIAHWIMHOBOH U KapOOHMILHOM IpyNIIaMu:

Ayax® 384 M

AMax=498 HM

(8)

<P

Coenunenue (A) ¢ oqHoi C=C-CBA3bI0 MEXKIY 3THMH [PYIIIaMH HMEET
O1enHO-KenTy> OKpacky (maineByio), coeiunenue (B) ¢ ueTbppMs
TAKHMMH CBA3SIMH JKENTOE, a coeuueHue (b) c BOCEMBIO CBA3SIMHU — SIPKO-
opamxeBoe. [IpuHATO roBopHTS, uTO (B) HMeeT Horee miy0oKyro okpac-
Ky, ueM (b) mm (A). Camas nrybokast okpacka — 3€JICHas, HauMcHee
m1y0oKas — 3eJIeHOBATO-XeNnTasl; YyIIyOJeHHI0 OKPAacKd COOTBETCTBYET
Nepexo]] CBepXy BHHU3 BIOJb MOCTeaHed KomoHku 1adn. 2.7. Takum o6-
pa3oM, 3eleHble KPACHTEIH JODKHBI XapaKTepHU30BaTLCS 7 -CHCTEMAMH,
CKJIOHHBIMH K CHIIBHOMY ME30MEPHOMY CMEIICHHIO T-3JIEKTPOHOB.
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Tabnuna 2.7
JInKHAa BOJIHBLI M UBET MOIJIOUIAEMbIX Jy4eil H XOHOJIHHTEIb-

HblE LBETA

An "Ka:;nﬂm TTornomaeMsiit 1BeT JIOMONHUTENbHEIH UBET
400 ¢uonerossiit 3€JICHOBATO-KENTHIH
480 CUHHUH JKEATBIA
530 3€JICHBIN NypHypHBIH
580 JKEITHIA CHHUH
610 OpaHXEBbIH 3€JIEHOBATO-CHHHUHA
660 KpacHBI’ CHHEBATO-3CJICHbIH
720 TEMHO-KPacHBIH 3€JIECHBIA

HumuansuanneHasg rpynna —C=C(CN), sBusercs §ojee CHILHBIM
aKIENTOPOM 7T-3JIEKTPOHOB, YeM KapOoHunbHas. [1oaToMy coennHeHne
I' (puoneroBoe) okpameHo miyoke, 4eM POACTBEHHOE €My COeIHHEHHE
B, a coequnenue ]| (cunee) — miybxke, YeM COOTBETCTBYIOIIEE COEIUHE-
Hue B.

s BO3HHKHOBEHHS OKpPacKd BOBCE HE OOS3aTENbHO HAIIMYHME HA
OJTHOM KOHLE COIIPSDKEHHOH IeNH 7T-JIOHOPHOH, a Ha JPYTOM KOHIlE —
T-aKUEIMTOPHOH I'PYIIIIbI, KAKOBBIMH B IIPUBEAECHHBIX BhIILE IPUMEPAX
SIBIAIOTCS AMMETWIAHHIMHOBAsA H KapOOHUNbHAs WIH JHIUAHBHHHIIb-
Hasg rpymnel. OKkpacka BO3HHKAeT Jaxe B IIPOCTHIX IMOJNHEHAaX IpH
JOCTAaTO4YHO AJIUHHOM lieriodke conpspkeHHbx C=C-cBs3eit.

K 44CTO YIIIeBONOPOMHBIM KPAaCHTEINSAM OTHOCSTCS, HallpUMeD, IPH-
POOHBIC KAPOTHHBL, HMEIOMTHE XKEIITYIO HIH KPaCHYIO OKpacky. Jlns toro,
4TOObl Y HEHACHIIIEHHOIO YITIEBOJAOPOAa MOSBH/IACE Takas Hermyboxas
OKpacka, KaK JKeiaTas HIM KpacHas, HeoOXOIMMO, 4TOOBI B COIPsDKE-
HUH Haxomwioch Gonsmoe gucio C=C-ceszeit. Tak, B [-kapoTuHe,
OCHOBHOM KpacsIIleM BeIeCTBE MOPKOBH, YHCIIO CONPSHKEHHBIX CBs3eH

aocruraer 11. CH,
AN
(iHs C‘H, ICHS CHy— ‘ B-kaporsn
/\\/\\/\/\/\/\/\/\\/\/\/\I/
CH,
AV CH, CH,
CH,

2.2.7. CTATUCTUYECKHME M JUHAMHUYECKHE
JJIEKTPOHHBIE 2PPEKTDBI

WunyxrusHbIN 4 Me30MepHBIH 3 (EKTH, ONpeie/IeHHbIE H3 JIUTIONb-
HBIX MOMEHTOB OPTaHHYECKHX MOJIEKYJ, XapaKTepH3yIOT pachpenerne-
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HHE ICKTPOHHO! IIOTHOCTM B HEPEarHpylomnx Mojekymaax. Taxue
3(hdeKTsl HOCAT HAa3BaHUE CMAMUYECKUX DaKxmopoe paclpeneieHus
MEKTPOHHON IoTHOCTH. Hanuuue ornpeneneHHbIX rpymn, obragaro-
UX 3THMH JJIEKTPOHHBIMH 3 dekTamy, 00yCIOBIMBAET NOISAPHOCTH
JIaHHOM MOJIEKYIIbl, T.€. €€ MOCTOAHHBIA JUITONBHBIH MoMeHT. OpnHa-
KO B XOIi¢ XHMHYECKOH PEaKIHMH, KOrAa paccMarpHBaeMasi MOJEKY-
Ja TecHO CONMKaeTcs ¢ MOJIEKYIOH BTOPOro IOJSIPHOIO pearcHra,
OHAa MOIAJAET ITOJ BIMSAHHE €ro 3JICKTPUUYSCKOTO ITOJIS U HOITOMY
IEPBOHAYANIbHOE paclpe/ielieHHe JIeKTPOHOB HapymaeTcs. JAuronbHbie
MOMEHTHI COMTU3UBILINXCS H ONPEICICHHEIM 00pa30M OPHEHTHPOBAHHBIX
0 OTHOIICHHIO APYr K ApPYry PEarcHTOB YK€ He Taxkue, Kak Juis
W30IMPOBAHHBIX MONeKyl. M3MeHeHHe MUIONBHBIX MOMEHTOB 3aBUCHT
OT HOJAPU3YEeMOCTH peareHToB. HoBoe pacmpenerneHue 3IeKTPOHHOI
IJIOTHOCTH B CAMOM Hadajle peaxiyu o] BIUSHHEM BTOPOro peareHTa
HAa3bIBAETCA OUHAMUYECKUM AKMOPOM.

Bo3HukaeT BOIpoc: MOKHO JIK CBOHCTBA MOJIEKYN B HEpEarHpyroIleM
COCTOSIHHM [EePEHOCUTHh Ha pearupyiolue MOJIEKyNbl, T. €. BCA JIH
wHQOpMaHs O PEaKIMOHHOI CIOCOOHOCTH 3aJIOKEHA B CBOWCTBAxX
HCXOJHBIX peareHToB? JTO MPpUHLUMIIMAJBHO BAXKHO, [OCKOJIBKY CBOH-
CTBa CTa0HIBHBIX PEareHTOB MOXXHO HCCIIENOBATh 3KCIIEPHMEHTAIBHO
(HanpumMep, ¢ IOMOLIBIO PA3IHYHBIX BHIOB CIEKTPOCKOITHH), TOIa KaK
O CBOMCTBaX IEPEXOAHOrO COCTOSHUS MOXKHO CYAMTh IHIIb KOCBEHHO.

OTBedass Ha 3TOT BOIPOC, MOXKHO CKa3aTh, YTO MHOIOYHCIIEHHBIE
SKCIIEpUMEHTAJIbHBIC JaHHBIE, [TOJYUCHHBIE NO HACTOAIIETO BPCMEHH,
MOKa3bIBAIOT, YTO HHGOpPMAalUsi O pPEakMOHHOH CIIOCOOHOCTH YiKe
HMEETCs. B HEPEeArupyrOIIMX MOJEKyJIaxX, oqHako He Bcs. OCHOBHOU
MIPUHLIMAM, KOTOPHIM CIIEAYET PYKOBOJCTBOBATbCS, COCTOMT B CIEAYHO-
IIEM: €CJIH B CTaTHYECKOM COCTOSHHH MOJIEKYIIEI IIPOSIBIISETCS Olpese-
JEHHBIH 3IeKTPOHHEIN 3(d(EeKT, TO B INepeXOIHOM COCTOSHUHU pEaKLnU
OH MOXET TOJBKO YCHJIMTHCS WM HE MPOSABIATHCS BOBCE, HO HE
MOXET U3MEHUTH CBOH 3HAK Ha IMPOTHBOIIONOKHBIN. Hanpumep, aHIMH
pearupyer ¢ 31eKTpoQUILHBIMH areHTaMu, JaBas MPOAYKTHl napa- |
Opmo-3aMeIIeHY

NH, NII-I2 NII-I, .
[
N N\ 2N\
+E€B_>k u + ” 3aMeleHHBe AHUIHHBL
N\ N/ AN
§
napa- opmo-

Takass opueHTanus HaOnMrOgaeTcs HE3aBHCHMO OT TOrO, Kakoit Geper-
csa snekTpoduia, u obvscuiaercs (+M)-3¢gdexToM aMHHOTPYNINEBL (CM.
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mi. 13). OgHako OpM HUTPOBAHMH a30THOM KHCIOTOH obpadyercs
mema-auTpoanunuH. Chenyst IPUBEJEHHOMY BBIIIE€ MPHHIUITY, MOXHO
yTBEPIKIATh, YTO 3TOr0 ObITh He AOJDKHO. M nelcTBUTENLHO, Mmema-
3amereHne 00yCIIOBIIEHO TEM, UTO B A30THOM KMCIIOTE C 3NEKTpodHIOoM

(NOY) pearupyer He caM aHHINH, @ MOH aHUITHHUS:
HOH 2HHJAHHAA

Nf'i, ONH, GBNH, EBNH
7\

l\ ﬂ+H@z|/J ﬂ l +NOP L\m
N/ N\

B voHe aHWIMHHS HENOZE/IeHHas Mapa 37IEKTPOHOB a30Ta CBA3BIBAET
mpoTOH U Me3oMepHslid dddexT ee yxe He nposiBisercsa. Bmecto 3toro
meictByer cubHblit (—/)-3ddexr rpynne NH;. JpyruMu cioBamy,
HCTUHHBIM PEareHTOM SIBIIAETCS HE aHWIMH, @ HOH aHWIHHMSA, KOTOPBIHA
TI0 3IEKTPOHHOMY pacnpeieleHHIO COBEPIIIEHHO HE IIOX0X Ha aHUIIUH.
TaxuMm o6pa3oM, cHOpMYTHPOBAHHBIN BHINE Ka4€CTBEHHBIA MPHHITAI
MOXKET CIIY’KUTH ITYTEBOAHOH HHUTHIO IPYU aHATH3E BO3MOXHBIX MeXa-
HH3MOB M3y4aeMOH peakIliy.

JMHaMu4ecKuii (haKTop 3aBHCHT OT KOHKPETHOM peaKiluy, HanpuMep
OT XapaKTepa peareHTa B OJJHOTHITHBIX NIpeBpainennsx. B kadecTse npu-
MEpa PacCMOTPHUM PEeaKIHIO HOHH3AINU HApd-MEeTOKCUDEH3WIXIIOpHIa
oA AeHcTBHeM pasHbIX kucaoT Jleronca MX, (AIClL;, GaBrs, TiCly

HT L) ®
CHSO—Q-CHZ—CI + MX, cn;@@cnl MX,cl

B ucxonmHoOM XJIOpHAE METOKCH-TPYIIA CONpsKeHa TONBKO C 7-
CHCTEMOH OEH30JIBHOTO KOJBIA, OJHAKO B 00pa3yromieMcs KaTHOHE B
COIIPSUKCHHH YYacTBYET eIe ¥ IycTas p-opbutans Ha OEH3UIBHOM
aroMe yrieposa.

B mepexonHOM COCTOSHMM Ha 2TOM aTOME ITOJIOKUTENBHBIH 3apan
U mycTas p-opOuTanb pa3BUTH HE MONHOCTHIO. Crenosarensno, (+M)-
a¢ ekt rpymnmnsl CH3O gomkeH GBITE MEHHMAJICH B HCXOITHOH MONIeKyIte,
MaKCHMasleH B KOHEYHOM KaTHOHE Y HMETh IIPOMEKYTOUHYIO CPENHION
BEITMUYVHY B IIEPEXOTHOM COCTOSHHU:

®
CH;OCHza CH30 cnz- <+-CIMX, CHs0 =<:>=cnz

NepexogHoe XUHOWAHAR NpefentHas
M)\ un cOCTOSHME (opMa_ KaTuona
(+M/cp (+Mhuaxe

B sroit peakuud QvHAMHYECKHH Me30MEpHBIH 3ddexr cuimpHee cra-
THYECKOTr0. MOXXHO, OXKHATh, YTO CTEHEHb Pa3BHTHA KapOOKaTHOHHOMH
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CTPYKTYPHI B IEPEXOAHOM COCTOSIHUH OVIET 3aBHCETH OT MPHUPOIBI pea-
redTa MX,,. [loatromy u (+M)-3¢ddexT METOKCH-TPYIIIL IPH H3MECHEHUH
kucnoThl JIstonca Oyner N3MeHAThCS.

WHorna nuHamMi4ecKrid MHAYKTUBHBIH 3¢ (eKT HA3bIBAKOT HHAYKTO-
MepHEIM 3dihexToM, a auHamuueckuit MesoMepHbli addekT — anexTpo-
MepHBbIM! .

2.3. BOSMYIIEHUE MOJIEKYJISIPHBIX OPBUTAJIEH

B Teopuu cMeneH it 3JIEKTPOHHBIX AP BHYTPUMOJIEKYISIPHEIE B3aU-
MoneicTBHA 0003HAYAIOTCSA CTPEIKAMU: IPIMBIMU — IJIS. HHAYKTUBHOTO
U HHIYKTOMEPHOTO 3(hGEeKTOB WM H30THYTHIMH — A ME30MEPHOI0
H JIEKTpOMEPHOTO 3(QeKToB, a Taxke HIA B3AUMOACHCTBUS MEXIY
(bparMeHTaMi MOJIEKYIBI BO BPEMS BHYTPHMOJIEKYIISIPHBIX IIEPErpyInH-
POBOK YIIIEPOIHOTO CKelleTa. MeXXMOIeKyIsIpHEIe B3aUMOEHCTBHUS, T. €.
CMEIIECHHS IEKTPOHHBIX Nap OT OJHOH MOJEKYJIBI K Apyroi B xoxe 6u-
MOJIEKYISIPHOM XUMHYECKOH peakiun, TakKe 0003HAYAIOTCS CTPEIIKaMU
(xak mpaBHIIO, H30THYTHIMH, XOTS MOXKHO NIPUMEHHUTH M NpsMele). B re-
TEPOJUTUIECKUX PEAKIIHIX KaXKIasl CTPENIKa 03HaYaeT CMEIICHHE OTHOH
TIaphl; YAC/IO CTPENIOK YKA3HIBAET, CKOJIBKO 3MEKTPOHHBIX ITap «yJacTBYET
B AaHHOH peakuun». [loxcuer uymcna >IEKTPOHOB, YYAaCTBYIOHIHX B
peakuusaX, MMeeT IPHHIHUNHAIGHO BaKHOe 3HaueHue. Hanpumep, B
MEePUIMKINYECKUX PEAKIUAX, OCYIIECTBISIOIMXCS Yepe3 HHKIHIECKOS
[IEPEXOIHOE COCTOSHHE, MIPOIECCHI, OIMCHIBAEMBIE CXEMAMH C YETHBIM
YHCIIOM H30THYTBIX CTPEIOK, B OCHOBHOM DJJIEKTPOHHOM COCTOSHHH
MOJIEKY]I MU CHJIBHO 3aTPYAHCHBL, MM BBEIOHPAIOT COBEPIHCHHO HHOH
CTEPEOXMMHUYECKHIA NYTH IO CPABHEHHIO C IPOLIECCAMH C HEYETHBIM
JHCIIOM CTpENIoK (CM. TIL. 25).

Teopus cMeleHUs HTEKTPOHHEBIX Tap OOUIEIIPHU3HAHHA H Y)KE B TeUue-
Hue 60 JeT ABAeTCS OCHOBOM H3YUEHHS H MPEIOIaBaHUs OpraHuIeCcKoMH
xuMuy. TeM He MeHee B HACTOSIIEC BpeMs OHAa Bce Donplie ¥ Honplie
yCTyHaeT MECTO IPYTOH TEOPHH CTPOEHHUS H PeaKIIHOHHOM CTIOCOOHOCTH
OpPraHHYECKHX COCAMHEHHUH, OCHOBAHHOH Ha IIPEICTABICHUX O AeJIOKa-
JIM30BAaHHBLIX MOJICKY/ISPHBIX OpOHTAIsAX. [7TaBHBIM CTHUMYIIOM K 3TOMY
[TOCIIYXHIIO OTKphIiTHE B 1965 1. P. BynBopaom u P. I'opMaHOM npuHIIMNa
COXpAHEHUS] OpOUTANbHOH CHMMETPHH B DPEakHHAX, MAYIIHX depes
LUUKIMYECKUE MEPEXOIHBIE COCTOSHMS (CM. I 25), a TalKe pa3BUTHE
HIeu O IepBOCTEIIEHHOH POIU I'PAHUYHBIX OpOUTaneil B XUMHYECKHX
p3aumopeiictusax (K. @ykyu, 1957). B nansoi kaure obe Teopuu OymayT
HCHIOJIb30BATHCS HapauIelIbHO.

UB crapoit xumuueckoil TUTEpaType s UHIYKTHBHOTO dddeKTa BCTpedatoTes 0603HaveHHs
I (crarnueckuit) u I; (nunamudeckuii). s Mezomeproro a¢dexra GblIH NPeANIOKEHB! HA3BAaHUS
konvrocayuounstll spgexm (K), maymomeproiit s3¢pghexm (T'), onHaxo 31H 0603HAUEHHUSA U HA3BAHUSA
He TIPUBHIIHCE.
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2.3.1. PABHOBECHUE MOJIEKYJIA-1TUMEP

B pasgene 2.1 yxa3pIBajIoCh, YTO B OPraHHUECKOM BEUIECTBE MEXAY
MOJIEKY/TaMU Ha BOJIBIIMX PACCTOAHUAX (B MOJIEKYJISPHOM IIKane) Jei-
CTBYIOT CHJIBI NPUTKEHHUA, 00yCcIOBIEHHbIE B3aUMONCHCTBIEM MEXAY
HOCTOSHHBIMH JHITONISIMH TTONSIPHBIX CBA3EH U (MJIH) HHAYLMPOBAHHBIMU
munonaMu. [locTosiHHOE NelCTRIE CHI MPUTSKEHHS UMEET XUMUYEeCKe
NOCAEACTBUS. DTH CHIIBI CIOCOBCTBYIOT O0paz0BaHHUIO KHAKOCTEH U
MOJICKYIISIPHBIX KPUCTAIJIOB M YBEJIHUYMBAIOT CKOPOCTh XHUMHMUYECKHX
peaKkuyil Mexay MOIEKYIaMHu.

Ilpu Gosee TecHOM COMMKEHHH MOJEKYT HAUMHAIOT ACHCTBOBATH
CUJIBI OTTAJIKMBAHHS 3allOIHEHHBIX BAJEHTHBIX 000NI0UeK; B PABHOBEC-
HBIX yCIOBHAX Halmromaercs 0alaHC MeXAY CHJIaMHU IMPUTHKEHHS H
CHJIaMH OTTaKHUBaHUSA H MHHUMAIbHOE PACCTOSHUE, HA KOTOPOE MOTYT
COMU3UTHCS MOJIEKYJIBI (WJTH TPYIIbl BHYTPY OIHOH MOJIEKY/BI), ONpe-
JeJIsIeTCsl BaH-JepP-BaaIbCOBLIMY PaiMyCaMU COCTABIISIIONIUX aTOMOB.

TeM He MeHee B HEKOTOpBIX CilydasX NpU KOHJAEHCALMHU rapa B
JKUAKOCTB M TBEPAOE TEJIO PACCTOSHUE MEXKIY MOJIEKYJIaMH CTAHOBUTCS
MEHBLIC BaH-Aep-BaalbcoBa. MEXMONEKYISIPHOE PACCTOSHHE MEHBIIE
BaH-JIEpP-BaajJbCOBOI0 O3HAYa€T, YTO MOJEKYJIbl HAXOIATCS B XHMHUUeE-
ckoif cBsi3u. O0pa3yromascs XHMHIECKast CBsi3b MOXKeT OBITE CHIIBHOM,
cpenHe cuiIsl Wik ciaboil. Hanpumep, cBexelieperHaHHbId [HKIIONCH-
taguen CsHg npu xpaneHnu ObicTpo npeBpamaercs B xumep CioHip B
pe3yabTaTe peakluH [UKiIonpucoenuHenus. Harperanue aumepa npu-
BOIUT K OTIOHKE MEPBOHAYAIBHOIO MOHOMEPHOIO IUKJIONEHTAJHEHA.
OTO 03HAYAET, 4TO IIPU . YMEPCHHBIX TEMIIepaTypax CYIECTBYeT AMHa-
MHYECKOE PABHOBECHE MEXIAY ABYMS MOJIEKyIaM{ HUMKIONCHTAAHEHE H
MOJIEKYIIOH IuMepa, T. €. B JKHAKOM 00pasle LHUKIONCHTaAHCHA aTOMBI
yrepona 1 u 1/ 1 4 1 2’ MoryT cOMMKaThCS Ha PACCTOAHHUE, 3HAYUTENIHLHO
MCHBIIE, YeM CyMMa BaH-Iep-BaajlbCOBBIX PaANLyCOB:

S

.
21 1: 5
Do L T
5 ’ 4

% 3

UUKnonexYagues AUMeEp uMKnonenTaguela

(2.3)

Mexny aromamu 1 u 1’ 1 4 u 2’ 06pa3yroTcs HACTOSALIME IIPOUHBIE
KOBAJIEHTHBIE CBSA3U O -THIIA.

JuHaMHKY peakiid (2.3) MOXXHO OIHCaTh CJEAYIOIIAM 00pa3oM.
Korma nBe MOIeKyJabl IUKIONEHTAAMEHA NOCTAaTOYHO YHANEHBI Ipyr
OT Jpyra, MEXIY HHMH [EHCTBYIOT CHJIBI NpHUTSDKEHUs. [TockombKy
MOJICKYIBI HCMOIAPHLI, NIPUTSIKEHUE OCYHIECTBIACTCS 32 CYET craberx
B3aHMOACHCTBU, CBA3aHHBIX C THUCIICPCHOHHBIMH CHIaMH (pazn. 2.3).
IlycTs 2TH MUCTIEpCMOHHBIE CHIIBI MPUBENH K 00pa30BaHUIO MOJICKYIAP-
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HbIX map (CsHg - CsHg), B KOTOPBIX PacCTORHME MEXNY MOIEKYIAMHU
COOTBETCTBYET BaH-J€p-BaadbCOBEIM pajguycaM. B onpeneneHHbii Mo-
MEHT BPEMEHH CpEJlH 3THX Iap ONpeesieHHas 4acTh YCTPOeHa Tak, YTO
aroMsl 1 u 1’ u 4 u 2’ naxonsarcs B BaH-JIep-BaaJIbCOBOM KOHTaKTe. Torna
HEKOTOPHBIE W3 ATHX OJIATOIIPUATHO OPHEHTHPOBAHHAIX M1ap MOIEKyI Oy-
IYyT UMETh JHEPrHIo, JOCTATOUHYIO JUIsl IPEOLOIEHUs JHEPreTHIECKOro
Oaprepa, u npowusoiiner peakuus (2.3). Hempopearuposasuiie napsl
MOJIEKYJT BCIIEICTBHE TEIUIOBOTO JBHIKEHHS MOIYT paclacTbcs, CHOBa
JlaTh HOBBIE [1aphl, 4YACTh KOTOPBIX Oy#eT OIaronpusaTHO OPHEHTHPOBAHA,
CTEleHb IHMEPHU3allMi BO BpeMEHH OyneT YyBeJIMYHBATHCA, HO HEKO-
TOpBle MOJIEKYJHI AuMepa OyayT BHOBBL PaclanaThCs Ha MOHOMEpHBIE
monekynsl. TakuM o0pa3oM, YCTaHOBHUTCS IIOJIOXKEHHE pPaBHOBECHS,
COOTBETCTBYIOIICE TeMIEpaType odpasiia.

2.3.2. BOJOPOJHASA CBA3b

Ecnu B MOJIEKylle COOEpXXUTCA TMIPOKCHIbHas rpynna (HalpHMep,
B cHHpTax, (QeHonax, kKapOOHOBBIX KHUCIOTaX), TO aTOMBI KHCIOpOAa
THAPOKCHUABHBIX I'PYINI ABYX MOJEKYJI MOTYT TECHO COMH3HTBCS H3-32
00pazoBaHUA 8000pOOHbIX cés3eli. BONopogHble CBA3M OTHOCATCS K
YUCIIY XMMHYECKHX CBH3€il CpejHe#l CHIIbl, HO, KOTAa HX MHOIO, OHH
croco6cTBYIOT 00pa30BaHUIO MPOYHBIX JUMEPHBLIX HMIIM HMOTHMEPHBIX
crpykryp. OOMEH3BECTHHIMH NpPHMEPaMH SBISAIOTCA (-CHHpaTbHAs
CTPYKTYpa Ae30KCHPUOOHYKIIEMHOBOM KHCIIOTHI U APYTHX IPHPOTHBIX
NIONMMEPOB M anMa3zonofioOHas CTPYKTypa KPUCTANIHYECKOro JbIa.
Bopopoausie cBsa3u o0pa3yroTcsi He TOIBKO MEXAY ABYMs [PYIIIIaMU
—OH, o 1 Mexny —OH u kucnoponoM kapGoHuabHOIH Irpynnsl C=0,
azotoM amuHOIrpymnel —NH, 1 1. 1.

B ruipoKCHIBHOM IPYITIE HONOKHTENBHBIA KOHEIl U0 HaXOIUT-
€ y aToMa Bogopona, Omaromaps 4eMy uepe3 BOLOpOA MOXeT oOpa3o-
BHIBATLCA CBSI3b C @HMOHAMH WM 3JIEKTPOOTPHUIATENFHBIMH aTOMaMH,
HMCIOIIHMHU HEIOJIEJICHHBIE Maphl, HANPHMEP C aTOMOM KHCIOPOAa
Ipyroi Monexymsl. [TouTH BO BCex INpyruMX MOJSPHBIX TPYIHIAX IONO-
KUTENbHBIM KOHEH AUNOAS HaXOMUTCS BHYTPH MONEKYJIBl U HO3TOMY
TPYAHO JOCTYIEH JUIL CBA3bIBAHUS:

CH CH - Me:N -
RO®~ —H*" Sc=o -0 MeNSP=0
CH, CH; Me;N
cnuptst (R=AIk), aunerou JUMETUN- TreKcaMeTuI-
denonsl (R=Ar), cynehokcun  docdop-
KapOOHOBBIE KHC- (AMCO) TPHaAMUL
norel (R=RCO); (I'MDTA)

[1OJIOKUTENBHBIH
xoueu aunons OH
CHAPYX U MOJEKYNIbI
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H3-3a OTCYTCTBUsL CTEPHUYECKHX IIPEISITCTBHI BOZOPONHAs CBA3b
obpasyetcs erko. Ee cuna onpenensercs TeM, 4TO OHA B 3HAUUTCIALHOM
CTElEeHH HMMeEEeT KOBAJIEHTHBIH XapakTep, T.€. JIBe Mapbi 3JIEKTPOHOB
(cBa3BIBalOIIME O-3NEKTpOHBI CBs3M O—H Monekynsl, ABIArOIIeHCs
JOHOPOM BOAOPOMHOW CBS3M, W HEMONENEHHAas Itapa MOJEKYNIbl aK-
IIENITOPa BOHOPOJHOH CBS3H) HNENOKAIH30BAHBI MEXAY TpeMs sSApaMH.
Bonopoanas ¢Ba3b 00bIYHO H300paXkaeTCcsi IyHKTHPHOU JIMHHEH MEXIy
JIOHOPOM M aKIEITOPOM, HarpuMmep IS cliydas COUPTOB:

R-O—H------ O—R
H
nouop H-cBazn axkuenTop H-cesa3u

PaccTosHus MexXAy AByMs aTOMaMM KHCIOPOAA U BOAOPOIHOM CBSI3H
O—H:--O 0o6bIYHO 3HAYUTEILHO MEHbILE CYMMBI BaH-/I€p-BaallbCOBBIX
paguycoB aTroMoB kuciopoza. CreaoBarensbHO, AODKHO OBITH 3HA-
YHTEIbHOE B3aHMHOE OTTAJIKHBAHHE 3NIEKTPOHHBIX 0BOI0YEK aTOMOB
kuciaopoaa. OfNHAKO CHIIBI OTTAJIKHBAaHHUA NPEONOTEBAIOTCH CHIION BO-
JOPOITHOM CBSA3U.

B o0meM, cuaa BOTOPOTHOMN CBSI3H 3aBUCHT OT AIIEKTPOOTPHLATENb-
HOCTH CBSI3bIBaEMBIX €10 aTtoMOB. UeM Ooliee BIIEKTPOOTPHIATEIBHEI
aToMbl, TeM Oojee MpodYHas BOAOPOMHAS CBS3b OOpa3yeTCs MEXAY
HAMH. Tak, OYeHb CHIIbHBIE BOAOPORHBIE CBS3H OOPa3yroTCs MEXAy
monekyaamu H—F. B xugxoM aMMuake U aMHHaX BOIOPOJHbBIE CBSI3H
MeHee NpOoYHBIE, YeM B BoAe U cnuprax. IlogpoOHee Bompoc o cuie
BOIOPOAHEBIX CBs3ed Oyner paccMoTpeH B rmmaBe 3 (pasz. 3.3.3) npum
o0cykIIeHHH KHCIOT bpeHcrena.

2.3.3. JOHOPHO-AKIENITOPHBIE KOMITJIEKCHI

Eme omuH BUA CHIl MPHUTSKEHUS, CONMKAIONIMX MOJEKYIbl Ha
paccTOSTHUE MEHBIIE CYMMBI BaH-Jep-BaanbCOBBIX PagUyCOB, CBS3aH
c oDpa3oBaHHEM JOHOPHO-aKUENTOPHHIX KomruiekcoB. Ecmu oGpazers
SIBJISIETCS. CMECBIO JIBYX COEIMHEHHWH, OMHO M3 KOTOPHIX MMEET MYCTYIO
HH3KOJIEXaU[yto opObHUTas, a Apyroe — 3aroTHEHHYH0 HECBA3BIBAIOLY IO
opbuTank, TO MEXIY HUMH BO3MOXHO B3aUMOJEHCTBHE, KOTOPOE MOXKET
TIPUBOAHTE K 00pa30BaHUIO I0BOJILHO IIPOYHBIX KOMILIEKCOB, HAIPUMED:

i M e o
#CHs NE @ CH
CcsO + C>N’< SE—R 24
i CH CH3’/ \
CHy CHy 3 CHg CHs
aKuenTop A0oHOD
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Iockonbky m060€ KOBaJEHTHO MOCTPOEHHOE OPraHUYECKOe COeu-
HEHHE COJCPKUT M 3aHATHIC (CBA3BIBAIOIIME M HECBA3LIBAIOMIME) W
IIyCThIE (HECBA3BIBAIOIINE U Pa3PhIXJIAIOLINE) MOJEKYISIPHBIC OpOUTANIH,
06pa3oBaHUe JOHOPHO-2KIENTOPHEIX KOMILIEKCOB JOIDKHO OBITH OOIIHM
sBIcHIEM. BO3MOKXHOCTE HIM HEBO3MOXHOCTH HENOCPENCTBEHHO Ha-
6ironaTh TakWe KOMIUIEKCHI 3aBUCHT OT YCTOHYHMBOCTH KOMILIEKCA, T. €.
OT IIPOYHOCTH JOHOPDHO-AKIUEITOPHON CBSA3H.

O0pazoBaHHe KOMILIEKCA MEXAY JBYMs HEPBOHAYAIBHO KHHETHYE-
CKHM HE3aBHCUMBIMH MOJEKYJIaMH CBS33HO C YMEHBIICHHEM SHTPOITHH,
NOJTOMY CIENYeT OXKUAaTh, YTO JOHOPHO-aKIENTOPHOE B3aUMOJECH-
cTBHe OyneT oCoOeHHO BEIHKO, €CJIM JOHOPHA M aKUEHTOPHAS IPYIIIbL
HaxOAATCs BHYTPH OHOH MOJIEKY/JIBl H BCIEACTBHE O0COOEHHOCTEH MO~
JIEKYIIIDHOH reoMeTpHH cONMMKEHB! Ha PacCTOSHHE, JJOCTATOYHO Majoe
714 OCYHIECTBICHHS TaKOI'O B3aMMOJEHCTBHA. DTOT THI BHYTPHMOJIEKY-
JISPHOTO B3aUMOJAEUCTBHS HA3BIBACTCH MPAHCAHHYIAPHLIM Ihexmon.
OH xapakTepeH, HallpuMep, U1 aTPaHOB — MEMEHTOOPTaHHYECKUX CO-
eAMHEeHMH co cBA3aMu Ttuna N:—M, rne M=B, Si, u ap.

cH CH
CHy N/’ 2CH, CHa N//\z/c”z
CHyCH | CHey CHeHy cH, | Hi/CHz
B\ Si\
0~ \I~o 0~ \J~0
0 0
GopaTpati chnatpan

3necs IOHOPHO-aKUENTOpHas CBA3b O0O3HAauYeHa CTPENIKOH, Hampas-
JIEHHOH OT a3oTa K O0py HiIH KpeMHHIO. JTa CBS3b HE SBIAETCA
IIOJIHOCTBIO KOBAJICHTHOM, T.€. CTPYKTypa MOJIEKYJ HE SBIsieTcs MOJ-
HOCTBIO IBHTTEPHOHHOM, comepxkaiieii ¢parmentr N*—M™. Jlpyrumu
CIIOBaMH, pa3zielIeHHe 3apsaIoB (T. €. Tepexo]] Maphl SNEKTPOHOB OT a30Ta
K atoMy snementa M) Hemonnoe (N:%* — M%), Tlo stoit mpuunue
JIOHOPHO-aKLENTOPHBIE KOMILIEKCH Ha3BIBAIOT EIlE KOMHUAEKCAMU C
nepenocom 3apsada (KI13).

IIpu GoroBo30YX1€HHH NMPOHCXOXUT ITOJIHBIA IEPEeHOC 3aps/ia, Ho-
sromy KII3 wacto ynaercs HabmronaTe cnekTpailbHo. Ecnmu pactBop
cMecH JOHOpa W akuenropa B Y®d- Wiy BHIMMOM CIEKTpax JaeT
HOBYIO IOJIOCY, KOTOpasi OTCYTCTBYET B CIIEKTpax pacTBOpa JOHOpa H
aKI[enTopa, CHATHIX 110 OTAENBLHOCTH (II0JI0CA IEPEHOCa 3aps/ia), TO 3TO
SBIISIETCA JIOKa3aTeabCcTBOM o0OpazoBanus KI13:

(,Z(OHOp)6+ — (aKHeHTOp)J_ ﬁ%‘;_c;{—} (zosop)® — (akuenTop)®.

Ieperoca

3apsja

Baxso IIOAYECPKHYTh, YTO IIPH AOHOPHO-aKUECUTOPHOM B3aHMOEH-
CTBHM HECPEHOC 3apsala NPOHMCXOMWMT TOJIBKO IIpU TECHOM cONMMKEHNN
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MapTHEPOB. DIEKTPOHBI IIEPEXOAST OT JOHOPA K aKIENTOPY BCIACACTBHE
[IEPEKPLIBAHMS yCTOM OpOUTATH aKIEITOPA C 3aI0OJIHeHHOH OpOHTAIIBIO
IIOHOpa, T. €. «IEJIOKATU3YIOTCS» MEXIY INOHOPOM M aKLENTOpOM B
obnacti mepekphiBaHUA. JJOHOPHO-aKLENTOPHOE B3aUMOJCHCTBHE Xa-
PaKkTepHO I 7-CHCTEM, JJIEKTPOHBl KOTOPBIX JIETKO IOJISIPU3YHOTCA
M opOUTalM JIETKO NPOHHKAIOT OnHa B HpyTylo. Ilo cymiectmy, co-
NpspKeHHe KPaTHBIX CBsi3edl —3T0 00KOBOE JIOHOPHO-aKUENTOPHOE
B3aUMO/eiiCTBHe, Belylllee K NEI0KaIM3alHH, T. €. IIEPEHOCY 3apsja.
[Ipy AOHOPHO-AaKIENTOPHOM B3aUMOACHCTBHHU ABYX MOJIeKyl oOpa3y-
K0TCS TM-KOMNJEKCHL.

C ToukH 3peHMA TEOPHH KHCIOT W OCHOBaHMIl (BakHeHIen
KOHIIeNINH, OOBEAUHAIOIIEH! OpraHUYEeCKYI0 M HEOPraHUYEeCKYIO XH-
MHIO), aKLENITOP — 3TO KUCIIOTA, 3 JOHOP — OCHOBaHHUe. CIIeI0BaTEIBHO,
JOHOPHO-aKIENTOPHOE B3aUMONEHCTBHE U KHCIOTHO-OCHOBHOE B3aUMO-
NeHcTBUE, N0 CYHIECTBY, OAHO U TO *e. KHCIIOTHO-OCHOBHBIE B3aUMO-
JIeHCTBUA paccCMaTpUBAIOTCA B IUI. 3.

2.3.4. TEOPUS BO3MYLIEHUA MOJEKYJISPHBIX OPBUTAJAEN

Ecny mpouCXOIUT peakius Mexay ABYMsS MOJIEKYJIaMH, TO B pe-
3yJIbTaTe MEXIY IIEPBOHAYATNLHO HECBI3aHHBIMU aTOMaMH 00pa3yroTcs
HOBBIE XHMH4ecKHe CBi3d. [IpM 3TOM crapble XMMHYECKHE CBS3H,
OBIBIIHE B pEareHTax, MOCYT COXPAHATHCH, KaK, HallpUMep, B PeakIHH
(2.4) tpumerunbopa ¢ TPUMETWIAMHHOM, MJIH OOpa30BaHHE HOBBIX
CBf3eH MOXET COIPOBOXKIATHCS Pa3pPHIBOM HEKOTOPBIX CTApPHIX CBA3EH.
TIpumepoM gBieTca AUMEpH3anMd UKIIONeHTagHeHa (peakuus (2.3)).

B Teopun BO3MyIIEHHS MONEKYISpHBIX opbutaneit (BMO) peak-
I[HA PACCMATPHUBAETCS TOJNBKO B CaMblil HaYaJIbHBIH MOMEHT Pa3BHTHSL.
OCcHOBHOM BONPOC, Ha KOTOPHIX oTBedaeT Teopuss BMO, cOCTOUT B TOM,
MIOBHIIIATLCA MITH TTOHIDKATHCs OyleT SHepIus CHCTEMBI, €CJTH JIBE MOJie-
KYJBl WK JBa (parMeHTa BHYTPH OOHOH MOJNEKYIIBl HAYHYT COMHXaTh-
C4 HaMHOI'O TECHEe, 4eM 3TO IIPEHOIpPEeIeH0 BaH-/IeP-BaabCOBBIMU
pamuycamu. Ecnu sHEprusi MOBBIIAETCA, MOJIEKYIBI PacXoAdTcs, a
€CJIM JHEPrusl NOHMKAETCs, NPOUCXoauT peakius. B teopuu BMO He
paccMaTpHUBaeTCs BeCh IYTh OT peareHTOB Uepes3 [EPEeXOoNHoe COCTOSHHE
K nponykraM. CMBICT TEPMHHA «PEaKIUOHHAS CIIOCOOHOCTHY» B 3TOH
TEOpHUH 3aKJIIOYaeTCS B TOM, YTO CIIOCOOHOCTH MOJIEKYN BCTYyNaTh B
PEaKIUIO ONpEneIeTCA UX COOCTBEHHBIMH CTPYKTYPHBIMH CBOMCTBAMM.
Taxum obpasoM, MeTron BMO aHanu3upyercs 3aBHCHMOCTBIO I1yTeil pe-
aKIUH OT CBOHCTB peareHTOB, a TOYHEE OT aIeKBATHOIO COYETAHHUS OlIpe-
JIEJIEHHBIX MOJIEKYIIPHBIX CBONCTB, IPUCYIIUX NAPTHEPAM I10 PEaKiluy.

Korna HaywHaeTcs B3aUMOZEHCTBHE MEXIY MOJIEKYIaMH, BHadase
PEeareHT MCIBITEIBAET MaJIbie BO3MYIIEHHS CO CTOPOHBI JIPYIOTO pea-
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reHTa. DTHM MallbiM BO3MYLICHHSIM COOTBETCTBYIOT MAlble H3MEHEHHUS
JHEPTHM, KOTOPHIE IPEACTABISAIOTCH KaK pacUIeliIeHHe IepBUYHBIX
ypoBHel sHeprud. [Ipenrnonaraercs, 4To Npyu NepeKpeIBaHAH opOuTanci
pearupymomux MoJeKyn ase (Wwid Ooybllee YHCIO0) NEepBOHAYaILHO
HEeBO3MYIIECHHBIE (0a3HcHBIe) OpOMTANM BO3MYIIAIOT JAPYr Apyra U
00pa3yioTcs [1B€ HOBBIE BO3MYIICHHBIE OPOHTAIH, OHA H3 KOTOPBIX
umMmeeT Hoee HU3KYIO, a pyras — 0oliee BRICOKYIO DHEPrHio, 1€M HEBO3-
MyHIeHHbIe OpOuTany. BaxHo MoguepKHyTh, 4TO 3TH J(BE BO3MYIIIEHHbIE
OpOHTanH He SBIAIOTCA OPOMTAISIMH KOHEYHOTO TNPOAYKTA PEaKIIHH,
2 COOTBETCTBYIOT cIabOMy KOMIUIEKCY MEXAY IBYMS MOJIEKYJTaMH,
obpasyromeMycss Ha paHHeH cTaiud peaklud, KOTOPBII MOXHO pac-
CMaTpHBATh KaK napy cOMHKEeHHBIX IPYT ¢ ApyroM Monekyil. [lo-unomMy
3TOT KOMITJIEKC HA3BIBAIOT cynepmonexkynaoi. B cynepMoiekyne Kaxaslid
M3 COCTaBIIIOLIUX €€ IMAPTHEPOB Houmu COXPAHAET CBOIICTBA H3OIHUPO-
BaHHOM MOJIEKYIIBL

Hampumep, B peakuuu (2.3), KOTOPYIO MOXXHO pacCMaTpHBAaTh KaK
B3aUMozeHcTBHE T-opOuTaneil 6yTagueHOBOrO THIIA OJHOM MOJIEKYJIbI
¢ -OpOHTAIIMH ABOHHOM CBS3U JPYroif MOJIEKY/IHl, B IEPBOHAYATHHOM
KOMILIeKce B3auMozaeiictsyronme MO ocTtaroTca opbuTansaMu n-THIIA U
TONBKC Ha Dosee TIyOOKOH CTyIeHH peakiud HAYMHAIOT [TEPEXOIHTH
B o-opburamu npoaykra. [lmockas reoMerpus IHKIONEHTaIHEHOBBIX
IIMKJIOB B IIEPBOHAYAIFHOM KOMIUIEKCE NPaKTHUECKH eIlle He H3MEHeHa:

T 7
6
S S
Kyl po
¥ {s-opbutanu soamyulens)) APOAYKT peaKum

Peaxmus (2.3) npuBOAUT K 00pa30BaHHIO JONOJHUTENBHOTO IIMKIA B
MOIEKyJIle IPOIyKTa, H MOXKHO II0JIarath, 4TO OHA IIPOHCXONHT CHHXPOH-
HO. 37eCh UMEIOTCH J1B¢ O0NAcTH B3aUMOIEHCTBHS, W TaKas peaxIus
HA3BIBAaETCA NBYCTOpPOHHeH. B peakuuu (2.4) mpoHCXOAUT OIHOCTO-
pOHHee B3aHMOJCHCTBUE HecBs3biBaronied MO TpuMeTHIaMuHa, HECY-
mielt HeMOACICHHYO Mapy 3IEeKTPOoHOB, W mycTod MO TpuMmernnbopa.
Hecsspraromas MO TpUMeTHIAMHHA MOYTH IEIMKOM JIOKAIM30BaHA
Ha atoMme azora (cM. opbmrasm NHj; pwe. 1.19, ri. 1); a mycras
opOHTaNh TPUMETHIOOpA ITOYTH LEIMKOM LIPHHAANEXHUT atoMy Gopa.
CnenoBatensHO, B 3TOM CIIyHae B3aMMOEHCTBHE OCYIIECTBISIETCS C
ydacTHeM rubpunHoit (sp® B TpPIMCiHJlaMPIHC) U HeTHOpUAM30BAaHHOMH
(4MCTas p B TPUMETHWIOOpPE) AaTOMHBIX OpOUTaICH.
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2.3.5. BOSMYIIEHHE INEPBOI'O U BTOPOYO ITOPSAJKA

OaHOCTOPOHHHUH mponece MexAy Monekyidamu [ (noHop) U A (ak-
LIEMITOP) MOXKHO BEIPA3UTE CIEAYIOIICH cXeMOi:

d »,— " —"~L 8
Commi s~ @i

% ¥a

Ha 3701 cxeme oboronoocTpasi MyHKTHPHAS CTPEIKa O3HaYaeT B3aUMHOE
BO3MYIIEHHE OpOUTANEH, KOTOPHIE JTOKAM30BaHbl Ha aTOMe d MOJIEKYIIBI
J u atoMe a Monexymsl A.

Bo3amymienue MoexynspHbIX opOuTaneil mpu oOpa3oBaHHH KOM-
mrekca JI—A CoOBEpIIEHHO aHATOTHYHO BO3MYIIEHHIO aTOMHBIX OpOH-
Taneil npu o0pa3oBaHHH MOJEKYJI H3 aroOMOB. AHAJOTHYHO TOMY, KaK
MOJIEKY/ISIpHble OpOHTAIH NPEACTABIAIOTCH B BHIC JTHHEHHOH KOMOH-
HalMY aTOMHBIX opbuTanel, opbutanu xoMinekca JI— A asagrorcs au-
HeHHO KOMOMHAIHEH B3aNMONSHCTBYIOINX MOJEKYJIAPHBIX OpOUTaICH
monekyn [l u A.

TIpu Bo3mymeHun opburtanei v, M 1y MOIYyYArOTCS [BE BO3MYIICH-
Hble opburamu V. u W_, oTHOCANIHECS K cynepMolekyie A—D. Otu
OpOUTAITH CTPOATCS Ha OCHOBE CIEAYIOIIETO IPaBHIIA.

Hpasuao 1. [Ipu o6pazoBaHHH BO3MYINEHHOW HEXHEH opOurtamu
0asucHple OpOHTAaNH OOBERMHSAIOTCA C OJMHAKOBBIMH 3HAaKaMH H B
pafioHe HX B3aumopeicTBus Oyner cBs3biBaHue. [Ipu 00pasoBaHHH
BO3MYUICHHOH BepxHeH opburtany 6a3ucHele opburanu oObeIHHSIOTCS
C pa3HBIMH 3HaKaMH (OTHOCHUTEILHBIMH) H B pe3yNbTaTe OyZleT aHTHCBA-
3BbIBAHHE:

BO3MYLLLEHME OC "
T T pacuiennenve
'O ypoBHen aHTHCBA3bIBaHWe
V{i y{l cesabIBanme

oy,

Ecnu 0603Ha4uTE SHEPrUI0 OPOHTAIH Uy KaK vy, SHEPTHIO Y, — KaK
Oy, @ cuMBOJIOM E 0003HAYUTL 3HEPTHH BO3MYIIeHUs: opbutaneii ¥, u
Y _, TO IO TEOPHH BO3MYIICHHN

(aa — E)ey — E)= (8~ SEY, (2.5)

rae [ — pe3oHaHCHBIH ugTerpan (puc. 2.1,6), XxapakrepusyOmMi CHIy
B3aUMOJNIEUCTBHUS 1) U 1), HA JAaHHOM PACCTOSHHHM, S — MHTErpai nepe-
KpPBIBaHU, XapaKTEPU3YIOUIUH CTEIEHb IEPEKPhIBAHHS B3aUMOIEHCTBY-
IOMIUX opOHUTamei.
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o\ e SR K /&
AY + 7+5 /, \ ﬁ !
\ 7 \ /
A Vs \ 1)
jU-{»- = !ZU /E+ =d+p
+
a d

Puc. 2.1. Bzaumuoe Bo3myuieHue opbuTayiel ¥y M P, NEPBOro NOPSAKa € yYETOM
nepekpoiBanus (@) n 6e3 yuera nepekpoiBanus (6)

Bo3myuienne nepBoro mopsiaka. B ciryuae BRIpoXKIEeHHBIX (OIHHA-
KOBOM 3HEPrumn) opbutaneit ¥, U 9, ag = &, = (¢ U TTOITOMY

(o — E)=+£(5 - SE),

OTKYAA, YUXATHIBAS, 9TC @ ¥ [ — OTPHUUATE/IBHBIE BETHIHUHEL, ITIOIydaeM

+
E,= %+—§ (oHeprus HuxHel BO3MYIeHHOH opburtanu W.),
a—p y y
E_= =3 (oHEprHUs BepXHEH BO3MYMIEHHOM opburamu ¥_).

Ilockombky  WHTErpan  IepeKkphlBaHWs  Bcerza  MOJIOKUTENEeH,
(1+S5) > (1—S8), 1. e. HIKHAS BO3MYILIEHHAs OpOUTaNb MEHEE CBAZHIBACT
J 1 A, yeM BepXHSAS BO3MYHLICHHAs OpOHUTANbL Pa3PLIXILET 3Ty CBSI3b
(puc. 2.1,a).

OueHb 4acTo HCMONB3YIOT YHOPOIEHHE, 3aKI0JaroIleecs B IpeHe-
OpeKEHHH MHTErpajoM TEepeKpBIBaHMsA, T. €. NIPHHUMAIOT, 4To S ~ 0.
Torna (puc. 2.1,6)

E=a+ 3, (2.6)

T. €. MCUE3aeT aCHMMETPHUs PaCIIeIIeHHs] YPOBHEH.
Bonnosele ¢ynkuuu Wi u U_ uMeroT BHA

U = Cythg + Cota,

v = C(:?/Ja - C;d}da
mme C 1 C* —xo3(hHUHEHThl, ¢ KOTOPbIMH BBIXOAAT OPOHTAIH Yy
u 1, B opburam W. m W_. Jlng BO3MYIIEHHS NEPBOTO IMOPAAKA
Bce Koa(dunuents! oguHakoBel: Cy = C, = C; = C; = 1/V2.
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Drta BeJIMYHHA BO3HUKAET W3 YCIOBHS HOPMHPOBKHM (1. 1, pasa. 1.3),
CODJIACHO KOTOPOMY JUTSl KaxzI0it opburamu LC2 =1,

Bo3mymenne Broporo nopsiaka. Teneps Bo3bMeM Jpyroil kpalHUH
cyuaii — p3auMoeicTBre opbuTane ¥, U 1, CHIBHO OTIIHYAOIINXCS
o 3Hepruu (ckaxeM, oy << ,; puc. 2.2). B atoMm cayuae koadpdunuen-
161 Cz ¥ C,; B IByX HOBBIX BO3MYIIIEHHBIX OPOHTAIAX

V. = Cytpy + Catly,
v_= C;"l)a + C;wd

CHWIBHO OTIM4aloTCcs. B 3ToM cnydae Oyner HaOmrogarbes BO3MYILEHHE
Broporo mopsuaxa. st BosMymienns sroporo mopsiaka Cy > C, H
C; > Cy4. OTo 03HAYAET, YTO OA3UCHBIE OPOUTANH 1y U 9, «CMEIIUBAIOT-
Cs1» HE B PaBHBIX [PONIOPLMSX, KAK B CIy4dae BHIPOKIEHHBIX opOuTanei;
onHa opburans «ropMeniuBaercs» K apyroid. IIpm obpazoBanum V.
opbuTans 1, NOIMEMUBaeTCcs K OpOUTanu 1y, a npu obpazoBanuu W_
opOHTaNb 1y MOOMEIIUBAETCSE K ¥,. JpyruMu ciosamu, opbutans W,
fosble MoxoxKa Ha Yy, a ¥_ —Ha 1, T. . 1o dHeprun ¥, Omu3ka K ¢y,
a ¥_ —x v, Hapuc. 2.2 370 0603Ha4eHO CTpENKaMH, HaPaBICHHBIMH
oT sk Pouory, k V_.

Ly 1
\;.'“__._.___.___—:_‘f-
! A
{ | a
/ ]
{
! ’I AE&
II !
od | N
D S i
#’:%'ﬁl%

Pyc. 2.2. Bo3MyllieHue BTOpOro nopsaka

B maremarnueckoit opMe BOIMYIIIEHHE BTOPOTO HOPSAKE MOXKHO
3anMcaTh TAKXKE CAEAYIOUIHM 00pasom:

W > 9y + Atfg,
Vo >yt xpy, (0<A<1)

e A — KOO()OHUIHEHT «ITOAMENIMBAHUIY ONHOHW Oa3uCHON opbuTamu
B npyry:o. [Ipu o6pa3oBaHHN BO3MYIIEHHBIX OpOMTanell M3 Da3HCHBIX
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opburtaneil ¢ CHJIBHO OTIHYAIOIIUMHUCS SHEPIHAMH [TOMHMO IpaBHia 1
Heo0X0AMMO TI0JIb30BaTHCA TAKXKe NpaBmiamMu 2 K 3.

Hpasuao 2. Korma HeBO3MyICHHBEIE OPOHTANH HMEIOT Pa3sHYIO
3HEPIHIO, BO3MYIIEHHE NPHBOAUT K TOMY, YTO OpOHTalb, NEpBOHA-
JanbHO HMMeBIIas Gojiee HU3KYIO JHEPrHI0, emle 0osiee MOHMXKAETCH,
a opOuTass, EpPBOHAYANBLHO HMeBLIAsS GoJee BHICOKYIO SHEPIUI0, elle
6oree noBeimaetcs. Takue U3MEHEHHS YHEPrUM TeM Ooliee BBIPAXKEHBI,
yeM JIydlle IIEPEeKphIBaHHE, U TeM MEHEE BBIPAXKEHEI, YeM Oonblie
NIEpBOHAYAIbHOE PA3NIUUME MEXKAY DHEPTHiMH B3auMOJAeHCTBYIOUIMX
opburanei.

HpaBuno 3. Opburans ¢ nepBoHaYanbHO Oojiee HH3KOH BHEpTHei
H3MEHAETCA IYTEM YacTHYHOTO HOAMEIINBaHus Ooliee BBICOKOH opOuH-
Tanu CBA3BIBarONIMM obpasoM (B daze BomHOBOH dyrKUMH). OpbuTans
C IepBOHa4yaNnbHO Oojee BHICOKOH JHEpryed HM3MeHseTcsl myTeM dYa-
CTHYHOIO NOAMENHBaHus DoNiee HU3KOH OpOUTAaIM aHTHCBI3BIBAIOLIUM
o6pazoM (B nporuBodase). B kakaoM ciydae cMenMBaHUE TeM OOJIbIIIE,
YyeM Jydlle NepeKkphiBaHWe, H TeM MeHblIe, Yem Oonblle HadalbHas
Pa3HHIA B SHEPrUAX B3aUMOEHCTBYOIMX OpOHTAIEH,

B nepBoM MpHOMMKEHHM B BBEIPOKEHHH (2.5) mna BO3MYyLIEHHOH
opburanu ¥, (a«—F) MOXHO 3aMEHUTH Ha (o, —ry), 2 g opburamy U _
aHATOTHYHO ((ry— F) MOXHO 3aMeHHTH Ha (ay—ay, ) (M. puc. 2.2). 3atem
MO)KHO IpeHebpeds HHTErpaioM HepeKphIBaHUA (B JaHHOM ClIydae 3TO
Oyner meHee rpy6sIM NpuOIMKEHHEM, YEM B CIydae BBIPOXKIECHHBIX
opOuraiel, Tak KaKk SHEPrUs IIePeKPHIBAHUS MEXAY CHWIBHO OTIMYalO-
LIMMUCS 10 S3HEPTHH opbUTaIsaMu 1oipkHa 66ITh Hebonbinoi). Torna u3
ypaBHeHHUH (2.5) nomydaeM

(ag— EXog —a)=6% (um opburanu ¥,)

(g — o), — E)=(% (ana opburamn ¥_).

VBend4ueHHe DHEPIHH BEPXHEro YPOBHA M YMeHbIUEHHE 3HEPrHH
HWDKHEro YpoBHA (_ ¥ &+ Ha puc. 2.2), Habnonaommecs npy Bo3My-
IIeHWH, CBA32HBI C DHEPreTHYecKOH pasHHIEeH MexXIy HepBOHAYaIBHO
HEBO3MYIIIEHHBIMH YpoBHAMHE (AFE,) COOTHOILEHHEM

e e~ (2 AE,.

TakuM 00Opa3oM, BOIMYIICHHE YMEHBIIAETCS, €CIIH YBEIHIHMBAETCH
SHEPTeTHUYECKOE Pa3IMIHE MEKIY B3aUMOACHCTRYIONIMMH OpOHUTATIIMU
(npaBuito 3).
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B3auMoneldcTBHE MeXIy BBHIPOXIEHHBIMM (MJIM OY€Hb OH3KHUMH)
opOHTaNIMH, KOTOPOE B MEPBOM MPUOIIDKEHHH H3MEPSETCS B BEJIHYH-
Hax [ (ypaBHEHue (2.6)), HOCUT Ha3BaHHUE GOIMYUJEHUS NEPEO20 NO-
padka. BiauMoneldcTBIE MEXIy CHIBHO OTIMYAINMMUCH OpOUTaNIMHU
CBA3aHO C [3° M HOITOMY HA3BIBAETCSH BOIMYLYEHUEM 6MOPO20 NOPAOKA.
SlcHo, YTO JOMKHBI CYNIECTBOBATL M KaKHE-TO IIPOMEXYTOYHBIE CH-
Tyal(|u, KOrAd 3aBHCHMOCTH 3HEPTHH BO3MYyIIeHHs OT [ Oymer Oosee
CJIOKHOMH (IpobHOTO mopsaka).

2.3.6. JHEPTETUYECKHE COCTABJIAIOUINE
B3AUMOJEACTBUA MOJIEKYJT

Korma nBe MOJeKy/Ibl WM JBE YaCTH OIHOH MOJIEKYJIBI BCTYIIAIOT B
peaKIvio, IPOUCXOIAIIEE H3MEHEHHNE 3HEPTUH O0BIYHO PACCMATPHUBAIOT
KaK CyMMY TPeX BKJIaAOB: 1) SHEpPruy B3aUMOJICHCTBUS MEXAY 3aHSTHI-
Mu MO; 2) 3Hepruy B3auMOIEHCTBH MEXAY 3allQTHEHHOH opbuTaibio
OJTHOTO peareHTa ¥ IyCcTol OpOHUTANBIO JAPYTOTro peareHTta; 3) SHEprHH
MEKTPOCTATHIECKOTO B3aUMOACHCTRHS.

B3aumopelicTBHe MeXAy NMOJHOCTHIO 3aHATHLIMM OpPOHTAISIMH.
B nepsoM mpubmmkxenun (puc. 2.1 M 2.2) B3aUMONEHCTBHE MEXAY
JIBYMsI 3aIIOJTHEHHBIMH OpOHTANIMU He IPUBOAUT HU K BBIMTPHIITY HH K
TIPOUTPBINY 3HEPTHH, MOCKONBKY MOHIKEHHE 3HEPrUH NipH obpasona-
HHUH HIOKHER BO3MYIIECHHOH opOuTany ¥, MONHOCTHIO KOMIIEHCHUPYETCA
[OBBIICHHEM 3HEPruy NpH 0Opa3oBaHUH BEepPXHEH BO3MYIIEHHOHW Op-
outamu W_ u obe 3TH opOuTaNH 3aceleHBI EKTPOHHBIMH MAPaAMH.
Korpa xe mpuHMMaeTcs BO BHHMAaHHNE I1EPEKpBIBAaHHE, CYMMAapHBIM
stdexrom Oyer MOBLILIEHHE IHEPTHH, TaK KaK e+ | < [e_[ (puc. 2.3,a).
TonyyaeTcs cuTyanus, aHamorudIHas ciy4daro Monexkynsl He, (puc. 1.7,6
B 1. 1). [loBblmieHHe SHEPrUM O3HAYAET OTTAJKHBAHUE MEXIY MO-
JeKynaMH, ¥ €CIH HeT JAPYTHX B3aUMOREHCTBHH, CIIOCOOCTBYIOIIHX
MIPUTSHKEHUIO MEXKIY MOJEKYIaMH, HUKaKOd peaklHyd HE IPOH30MIET.
Ecau sxe apyrue B3auMOAEHCTBHS, HAIIPUMEP MEXy NyCTOH U 3aHSITOH
opOUTATBI0 MM YHCTO KYIOHOBCKOE B3aUMOJEHCTBHE, ITOMOTYT Hpe-
OJI0JIETH OTTAJIKUBAHHS, TO PEAKIUs BCe xe OylIeT UMeTh MOBRIIEHHYIO
SHEpPTrHIo akTUBAIMK. OOBIYHO KOTNa CPABHUBAIOT OMHOCUMEbHYIO PE-
AKIIHOHHYIO. CIOCOOHOCTE MOJIEKYTI, H3MEHEHHIE SHEPTUH OTTAIKUBAHUSA
3aI0JTHEHHBIX 000JIOUEK He YUMTBIBAKOT, CUHTAS, UTO H3MECHCHHE HE TaK
BENIHKO, KaK H3MEHEHUE DHEPIUil NMPUTHKEHHS IPH MEePEeXoe OT OTHOM
MOJIEKYNBI K Ipyrod. DTO BEPHO JHIIb B MEPBOM HPHOMMXEHHH, YTO
HeoOXoNUMO BCerna UMETh B BUIY.

Camo coboii pazymeeTcsi, UTO BO3MYIIEHHE IBYX IYCTHIX opbuTanei
He W3MEeHsAeT oOIIel 3HEPTUH, TaK KaK OHM HE MMEIOT MaTepHaJIbHBIX
HOCHTEeIEH SHepTHH — DIIEKTPOHOB.
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B3anmopgeficTBue MeXAy 3aN0JHEHHLIMN OPOHUTANSIMU OTHOTO
peareHTa M BaKAHTHLIMH OpOMTAaNsIMH JPYroro peareHra. Takoe
B3aMMOMEHCTBHE XapaKTepHO AJA JOHOPHO-AKIIETITOPHBIX KOMILIEKCOB.
OOBIYHO B 3TOM cllydae B3aHMOIEHCTBYIONIME OPOUTAIH CHIILHO OTIIH-
YaroTCsl IO BHEPIHH H [I03TOMY Yallle BCTpeYaeTcs BOIMYIIEHHE BTOPOI0O
nopsaka. Eciu 3armonHenHas opObuTans pearupyer ¢ MycToi opOrTanso,
TO TaKO€ B3aHMMOJEHCTBHE NPHUBOIUT K MOHIDKEHHIO JHEPIHH, T. €. K
OPHUTXCHHIO MEX]Yy PearHpyOIHMHU Moiekyiaamu (puc. 2.3,6). OHep-
THS 33HATOH OpPOMTANM MOHM3UTCA, HO COOTBETCTBEHHOE IIOBBINICHHE
Ipyroil opburaimu He OyneT umerh 3¢dekra, NOCKOIBKY Ha Held HET
3JIEKTPOHOB. JHEprus crabuinusaums OyaeT paBHa 2c.; MHOXKHTENb
2 BO3HHKaeT H3-3a TOTO, YTO BO3MYINAKOTCA [Ba 3MeKTpoHa. Ecmu
B3aHMOJEHCTBYIOT YMCTBIE aTOMHBIE OpbUTamH, TO 26+ = 232/ AE,, a
eciH opOUTals He MOMHOCTHIO JIOKAaNU30BaHA Ha B3aNMONCHCTBYIONMX
aromax d ¥ a (cM. cxemy Ha ¢. 110), To 310 yunThiBaeTcs ko3hduies-
tamu Cy u C,, BBONMMBIMHU B ypaBHeHHe (2.7). B aToM ciyuae

sHeprus crabummanuu = 2e. = 2(C;C,3) /AE, (2.8)
rae Cy u C, — xoapdunuentsl, ¢ KoTopbIMH aroMel C; u C, BXOJST B

MOJIEKYJISIpHbIE OpOHTaNU, MEXAY KOTOPBIMH pacCMaTPUBAETCS B3aUMO-
JeHcTBUE.

. —
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Puc. 2.3. BzauMonelcTBHe MeXAy ABYMs 3allOJHEHHBIMH OpOMTANAMH NPHBOXUT K
OTTAJIKHBAHHUIO (a), @ MEX/IY 3alOJHCHHOM U NyCTOR OpBHTaNAMH — K IPUTXCHUIO (6)

deKTpocTaTHYecKoe B3auMo/eiicTBHe. Korna pearupyrolise Mo-
JTEeKyNbl MPeICTaBIsIOT cO00H MOHBI WM OMITONH, MEXIY B3aUMOJEii-
CTBYIOIIMMH aToMaMy Oy[eT CYILEeCTBOBaTh KyJOHOBCKOE IPHTKECHHE
WM OTTalKuBaHue. Ero sHeprus onpenensercs BEIHYMHOR —qqq,/7,
TIe ¢4 YU g, — 3apsIsl HA B3aHMOIECHCTBYIOIMX aToMax d U a; ¥ — PaccTo-
STH€ MEXIY aroMaMu (3¢ dexTHBHAS AUAIEKTPHYECKas NPOHUIaeMOCTh
cpelbl BHYTPY MONEKYJIbl NPUHUMAETCs. paBHOH 1).
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2.3.7. TPAHHYHBIE OPBUTAJIN

Korma peardpyroT MexIy cOOOH AOCTATOYHO CIIOKHBIE MOJIEKY-
as1 D u A, Kaxnas u3 KOTOPBIX MMEeT ¥ NYCThIE M 3allOJIHEHHbIE
opOuTanu, B NpHHIUIE HYXHO PacCMaTpHBaTh BCE B3aHMOICHCTBUS
KaK MEXJy 3aHATBIMM OpOHTansIMH MoOJeKynbl D ¥ BakaHTHBIMU
opbuTamsAMH MOJIEKYJIBI A, TaKk W MEXHNY BaKaHTHBIMH OpOHTasIMH
MOJIEKYIBI D B 3aHATBEIMH OpOMTAJIAMH MOJIEKYABl A. ENHHCTBEHHBIM
TpeGOBaHHEM SBJISIETCS COOTBETCTBHE OpOHMTANeH 10 CHMMETPHH; ec-
M CHMMETPHUS IPOTHBOIIONIONKHAA (KOIa OTHOCHTENHHO HEKOTOPOH
oblieit onepanuy CHMMETPHM OnHA H3 opbuTanell CHMMETpH4YHa, a
BTOpas aHTHCUMMETPHYHA), TO JHEPrHs HX B3aHMOJAEHCTBUA paBHA
HYITIO.

Komfinexc DA
Moheyna D Monexyna A
1/’;“—-5 A
A ¥ Al A A
T ALALAL
4 N A A d
/: 75‘ ¥ (Hemo') %o )
/ i o | o -
(B?.Mo)lz’#!"—-u—} / . h Ly
" \+,:A+% wl- -1+
w;n A A D 4
y/.n S —ﬂ—l/{ ‘g —1+]-
-5
1 %D _ S
a ]

Puc. 2.4. a— Haubonee cHIbHO B3aUMOAEHCTBYIOINHE opOMTAIM Monekyl D n A; 6 —
BO3MOKHbBIE B3aUMOAEHCTBHS MExXy opOuTaisiMu Monekyl D u A. 3nax «+» o3HagaeT
JAecTabHIH3HpYIOLIee B3aHMOACHCTBHE MEXY 3aMOIHCHHEIMA OpOHTALIMH. 3alllTpH-
XOBAHHBIE KJIETKH COOTBETCTBYIOT CTaCHIIM3MPYIOIEMY B3aUMOAEHCTBUIO BAKAHTHBIX U
3aMONHEHHBIX opbHTaNel. 3HAKOM «—» OTMEYCHBI B3aHMOJCHCTRHSA, 3alpemieHHble 110
CHMMETPHH, 3HaKoM «O» — B3aUMOJEHCTBHE [IBYX ITyCTHIX opOHTaneH

Hanpumep, niycts monekyna D umeer nate MO, TpH H3 KOTOPBIX
3aHATHI IapaMHU JIIEKTPOHOB, a MOJIeKyla A — geTbipe MO: JBe 3aHsATHIE
H IB€ CBOOONHEIC, U IIYCTh 3TH OpOHTAIM PACHIOIOXKEHBI TAK, KaK
MOKa3aHOo Ha puc. 2.4,a. Ecnu yyecTh cuMMeTpuio opburanieii (S — cuM-
METpH4HAs, 4 — AHTHCUMMETPHYHAS ) ¥ He YUUTHIBATH B3aUMOJIEHCTBHS
Mexnay aByMs nycTeiMd MO, TO B 3TOH cHcTEME BO3MOXHO 8 ITapHBIX
B3aHMMOJEHCTBUH MEXIY NMYyCTOH M 3aHATOH OpOUTaNAMH HMIH MEXAY
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IBYMsl 3aHATBIMH opOuramsmu (puc. 2.4,6). BiaumoneiictBus Mexny
3aHATHIMH M BaKaHTHBIMK OPOHTaISIMH CTaOMIIM3HPYIOT KoMIUTekc DA,
T.€. cnocoOcTBYIOT peakuud D ¢ A, OAHAKO 3HEPrUst CTaGHUIM3ALMU
IUIs pasHBIX Iap opOWTanel paziu4HA, TaK KaKk 3aBUCHT OT Pa3HOCTHU
SHEeprHH B3auMoneHcTByomux opbutaieit AE,, (ypasuense (2.8)). Ora
Pa3HOCTh HAMMEHBHIAS IS Maphi 1/}? /¢’34 (puc. 2.4,a). IMeHHO Ha
3TO HauOoJslee CHIBHOE B3aUMOJEHCTBUE U CIIEyeT B NEPBYIO OUepeln
obpamars BHUMAHUE IIPH aHAJIHM3€ PEaKIHOHHOH CHOCOOHOCTH MOIIe-
Ky, XOTS ¥ IPYyIrHe B3aHMOJEHCTBUS MOIYyT BHOCHTh CYIECTBEHHBIH
BKIax B peakiuo. Opburami, MeKIy KOTOPHIMH NPOHCXOOHT HaHOO-
jlee CHJIBHO BBIPaYKEHHOE B3aUMOJIEHCTBHE, HA3BIBAIOTCH 2PAHUUHBIMU
opbumansamu.

I'panugHble OpOHTANM — 3TO BBICIIAS 3aHATas MOJEKyAspHas opOu-
Tas (B3MO) monopa (Mosekynsl D) 4 HIDKHAA cBOOOIHAS MOTIEKYIAP-
Has opburans (HCMO) akuentopa (Monekyna A; puc. 2.4). Monekyna
D xapakTepH3yeTcsi OTHOCHTENLHO BHICOKOH »Heprueii B3MOP, a mo-
Jexyna A — OTHOCHTENbHO Hu3KOH dHeprueit HCMOA, st opburamu
PacIoNoXKeHsl 6lvke APYT K APYTY, 4eM opbutamu B3MOA u HCMOP
(puc. 2.4,a). Ilo sroif mpuUYHHE MOXHO YTBEPXKIATh, YTO B PEaKIHH
D+A momexkyna D Oymer noHOpoM, a MojeKyna A — aKIENITOPOM
3JIEKTPOHOB, HO He HaobopoT. JloHop (Hykneodwn, ocHoBanue JIpronca)
XapaKTepHU3yeTCsl OTHOCHTEJIBHO BBHICOKMM ypoBHeM B3MO, a akuen-
TOp (aneKTpodmiI, KucioTa JIprornca) — OTHOCUTEIIBHO HH3KHM YPOBHEM
HCMO.

C y49eTOM 3IEeKTPOCTATHYECKOTO B3auMONIeHCTBH Bo3MyieHue (P),
BO3HHKAIOIIEE IPH KOHTAKTEe MOJIeKYT D U A, MOXHO BBIpa3UTh ypaBHe-
HHEM

P=2(CpCaB)*/AErMO — 9444/, 2.9

rne AEryo — pa3HOCTh YPOBHEH TPaHUYIHBIX MOJIEKYISPHBIX OpOHTa-
jged. B 3ToM ypaBHEHMM HEPBBIM WIEH OTpa)KaeT IIOHIKECHHE SHEPIUU
BCIEACTBME OPOUTAIBHOIC B3aMMOJCHCTBHUS, a BTOPOH 4IIeH — TOXe
[IOHIKEHHE JHEPrud (TaK Kak OOBIYHO NOHOPHEIM aroM d HMeeT 4a-
CTHYHBIM OTPHUIATCIILHBIN 3apA/l, @ aKLENTOPHBIA aTOM @ — YaCTHYHBIN
MOJIOKHTENBHBIH 3apsif), HO YXKe BCICICTBHE B3aUMOACHCTBHUS 3apsaioB,
T. €. MMEKTPOCTATUIECCKOTO TTPUTHKECHHUSL.

B HEKOTOpHIX peaKIHAX [IABHOE BIMSHHE OKa3bIBae€T OpPOHTAIBEHOE
B3aMMOJEHCTBHE, TOrJa TOBOPAT, YTO DPEAKIHA HMEET opOumanbHbiil
xoumpons. Ecnu npeobnaparoniee BIMAHUE OKa3bIBAeT IEKTPOCTATH-
YECKHMI WiIeH, TO PEaKLHs UMEET 3apa008blti KOHMPONb.
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3apsA0BBIM H OpOHTANBHBIM KOHTPO/JIEM OOBSCHSETCS Pa3sHBIH THII
B3aUMOJIERCTBHSA MEXIY KECTKUMH U MSATKHMM KHCIOTaMH W OCHOBa-
HHSAMH. DTa Ba)KHAs KOHLIETILHS paccMaTpHBacTCs B Ivase 3.

2.4. MOJIEKYJISIPHBIE m-OPBHUTAJIHA

KoHTypHEIE nriarpaMMbl MOJIEKYISPHBIX OpOHTanel, IpIMepHl KOTO-
peIXx OpUM mauel B maBe 1 (puc. 1.15-1.22), noaydeHbl B pe3yibrare
pacueTta Ha OBM. OHH parT 0OBEMHBIE IIPEACTABICHHUS O IPOCTPaH-
CTBeHHOH (opMme opOuTaneif, KOTOpast XapakTepu3yeT pacilpeAelIeHue
IUIOTHOCTH JaHHOH 3aHATON WIM JAaHHOH He3aHsaToi opbOuranu mo
OTIEJIbHBIM aTOMaM MOJIEKYJIBL, T. €. BKJIAJl KXo aroMHON opOuTanu
B paccMaTtpuBaeMyro MO. Cymmupys Bkiaaasl AO OTAENSHEIX aTOMOB
10 BCEM CBA3BIBaOIIEM MO, MBI [IOIy4YaeM KapTHHY paclpeerneHus
3JIEKTPOHHOM IIOTHOCTH B MOJIEKy/le. Pacnpenenennue IDIOTHOCTH I'pa-
HyuHbIX opburaneit B3MO u HCMO naer npeacrapieHHe O IpeUMy-
IIECTBEHHOM MECTe aTaKyl MIEKTPOQIIIOB WIH HYKIeo}hWIoB, T.e. 00
OPHUEHTALMH B pEaKUHsAX NPHCOCAUHECHHS WK 3aMEIICHHS C YIaCTHEM
JaHHOM MOJIEKYIIBI.

Pa3paboraH Takxe KaueCTBEHHBIH MeTOJ rpaduueckoro H3obpaxe-
HHUsl MONEKYISPHBIX opOuTanedl, OCHOBaHHBIM Ha mIpeacrasneHusx MO
B BHIE ONpEAEIeHHBIX KOMOMHAIHI «KPYXXKOB» U «raHTenein» (Hiu
«pPO3ETOK» B cioydae ydactHa d-opburaneif). XoTs 3TOT METOm U He
JlaeT TOYHOM KapTHUHEI, CHMMETDHUIO H Y3JIOBBIE CBOICTBA OpOHTajIeH
OH IepejaeT NpaBwIbHO. MeTon ocHoBaHn Ha Teopur BMO. VYmpo-
meHHsle rpadudgeckie u3odpaxenus MO yxe Obuid npUBEIeHBl Ha
puc. 1.15-1.22. Terreps MBI OIIHINEM OCHOBHBIE NpPAaBUJIa, KOTOPHIMH
HYXKHO pYKOBOACTBOBaThCH MpH TIpaduueckoM moctpoeHud MO, u
Ha4yHEM C 7-CHCTEM, IOCKOJBKY IS HHX 3TH IIpaBHia HauOojiee
npocThl. MonekymnspHsle opburany o-CUMMETpHI OyOyT pacCMOTPEHBI
B pasgele 2.5.

2.4.1. TPAOUYECKOE [IOCTPOEHHE 7-OPEUTAJIER

ConpsxeHde — BHYTPHMOJIEKY/IAPHOE BO3MYHIEHHE COCEXHHX
aTOMHBIX p-opOuTajeii. B HenmpeneasHbIX yIIEBOAOPONAX, COIEPKa-
WX COOTBETCTBYIOIIME JPYr C JAPYIOM, T. €. COIpPSIKEHHBIE, KpaT-
Hble (JIBOMHBIE WM TPOHHbIE) CBs3M, W-OpOHTANM KpPATHBEIX CBA3EH
MOI'YT BO3MyHIaThcs IIyTeM OOKOBOTO MepeKphIBaHwi. B pesynsrare
obpa3yeTcst AENOKAIM30BaHHASA T-CHCTEMA, OpOHUTAIH KOTOPOH OXBa-
TBIBAIOT BCIO COMPSKEHHYIO CHCTEMY M HA3BIBAIOTCS MOJICKYISIPHBIMU
m-opbUTaIsIMHA. DTO XOpowo BUAHO K3 puc. 1.22 (rn. 1), Ha KOTOpOM
H300paXEHBl NONYYEHHBIE C HOMOIIBI0 OBM o0beMHEIE KOHTYPBHI
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m-opburaneit OyragueHa. CoONpsDXEHHBIE CHCTEMBI MOTYT OBITH JIH-
HEHHBIMH WM MUKITHIECKUMH. MHHHUMAaNBHEBIE CONPSIKEHHBIE CHCTEMBI
COCTOSAT U3 Tpex p-opOuTaneit. K HUM OTHOCSATCH alUIMIIbHBIE H LUKIIO-
MIPOTICHUIBHEBIE KATHOH, PAUKAT HIM aHHOH:

CHy =CH— CH?3 ANNUAMBHBIA KATUOH
CH, = CH — CHy+  anaunbHuin pagnkan

conpsixerHas cucrema CH,=CH - CHZe anNUAbHLIA aHUOH
annunsHoro Tvna

ﬂ>® LMKNONPONEHNbHBIA KAaTUOH

ﬂ> o LMKAONPONEHUNLHBIA pagukan
conpsiXexHas cucTema

LWMKONPONEHUNLHOT O [[>e LAKIONPONEHWUMLHBIA aHUOH
™na

YeThIpeXaTOMHON 7T-CUCTEME COOTBETCTBYIOT 1,3-OyTamueH u IHK-
n00yTafHeH; K IIATHATOMHOM CHCTEME OTHOCSTCS NEHTaAHeHWUIbHbIE
U HUKIOTIEHTAJHEeHHJILHBIC KaTHOH, pajiKal U aHHOH; IEeCTHATOMHBIC
COTIPSKEHHBIE CHCTEMBI — 310 1,3,5-rexcarpueH, OEH301 U T. 1.

‘ CH—CH
X._X__X__X CHs=CH—CH=CH, (-
CH— CH

ByragueHosas 1, 3-6yrapuen uMKnobyTagueHosas  1,3-unKnc-
J-cucTeMa ;-cucTema byTaguen

CH=CH—CH—CH—CH,
%_H_%_% CHs=CH—CH=CH—CH,

_ =]
CH{—‘CH-—-CH—CH—CH2

o+ o

NeHT aIneHuALHas
J-CHCTeMa UMKAONeHTa~
AHeHancHan
J-cucTema
rexkcaTpyeHopas 4,3,5-reKcarpuen
J-cucTeMa L{MKJI0reKCaTpUeNoBas benzon
JT-CACTEMA

OueBHIHO, YTO HEHUTPAJIbHBIE CONPSDKCHHBIE YITIEBOAOPOIBI, B KOTO-
PBIX BCE aTOMBI YIVIEpOAa YETHIPEXBAIECHTHBI, COIEPXKAT HETHOE YMCIIO
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Puc. 2.5. TIpencraBicHue MONCKYIADHBIX  f = + ’—‘DB
~ '
opburaneii 4epes cOCTABIAIONINE HX aTOM- 8—— AN 3 e —-—-8

Hble opburanu. bonee peansHad kaprTHHa N ‘ s
opbutaneit sTunena naHa Ha puc. 1.19 8 8 7 7
= =D% =
(. 1) i VE& zh

ATOMOB, UMeIIuX p-opburand. HeueTHple conpsHKeHHBIE CHCTEMBI
NpeaCcTaBastoT cob0l UM KAaTHOH, AU PadKall, HIIH aHHOH.

IIpocreitieit m-cHCTeMOH sBAsSETCS OXMHOYHAS aTOMHas p-opbOu-
Tallb, HAIPUMEDP, B METHILHOM KAaTHOHE, PaJlMKajle WIH IUIOCKOM aHH-
one. Korna obwenuHsAOTCH NBe p-opOuTany, obpasdyercs 3THIEHOBas
T-CUCTEMA, COCTOSIIAs U3 CBA3BIBAIONIEH H Pa3phRIXJIAIONIEN OpOHTANH.
ITH opOHTaIH MOXHO ITOCTPOUTH HAa OCHOBE TEOPHH BO3MYILIEHHH, KaK
nokazaHo Ha puc. 2.5 {(cp. puc. 2.1).

3nech B3auMOAEHCTBYIOT nBe C2p-opOWTany OMHHAKOBOW SHEPIHH,
MO3TOMY JO/DKHO OBITH BO3MYILIEHHE NEPBOro ITOpsaKa, KOTOPOE OITHCHI-
Baerca ypaBHeHHeM (2.6). Opburans m umeer BUn m = Capa + Cppp, 2
opbutans 7 = Cipa +Chpg, e Ca, Cp, C} u Cp — K03 QUIMEHTEL,
C KOTOPBIMH BXOIAT OpOUTANu pa U pp B opburtanu « u 7*. J{nsa nopma-
TU30BAHHBIX OpOUTanei, T. e. opbHUTaIeH, COITIACOBAHHBIX C NPHHIIUIIOM
kBanTOBaHMs (cM. pasa. 1.3, o 1), C3 +CE = 1w C/*f +CF = L.
Kpome Toro, Cf.‘ + Cl*f =1lmnu CZB + Cl’g2 = 1. IlockonsKy BO3MYILIEHHE
[EPBOTO MOPAAKA, PA M PR BHOCAT ONMHAKOBEIE BKIAABI B ™ U T~ W,
cinenosatenbho, Cp =Cg=CL =Cp =1 / V2.

Ilo amanoruu ¢ MONIEKynoH 3THIIeHa crposites w-MO npocreifmuix
COIPSKEHHBIX CHCTEM — aJUTWIIFHON M UKIONPONEeHWITbHOMN. [l sToro
paccMarpUBalOTCs BO3MYIUISHHS, BO3HMKAIOIHE B CHUCTEME HpPH O0b-
€AVHEeHHW IBYX opOuraneit stmneHa (m ¥ 7*) u omuHOUHOH p-AO.
Bo3amymeHus npu ob6pa3oBaHHH alUTHIABHON CHCTEMBI H300paXeHbI Ha
puc. 2.6.

B pesynerare BO3MYIICHHS BTOPOIO ITOPSAKAa OpOHUTAND 7, B3aHMO-
IelicTBys ¢ opOuTaiLio p, B pase gaet opObUTAs 1, a B IpOTHBOGA3E —
opbutans ¢,. Opbutans 7*, B3aUMOIEHCTBYs ¢ OpOUTalsio p, B (hase
naet opburans ¥y, a B npotuBodaze — opOUTaIs 3.

Buumanue! Ha puc. 2.6, a u3 tpex 6a3ucHbIX opOuTaneid momyqu-
JTHCHb YEThIPE BO3MYIIECHHBIE, XOTA BO3MYIIEHHBIX OpOHTalell JNOMKHO
OBITH TOXKE TPH. DTy OMUOKY JIETKO HCHPaBUTE. PaccMoTpuM opbuTtamu
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Puc. 2.6. S1ans nocrpoenns (a) 1 HCTHHHBIE (6) 7-OPOKUTAIM AUTWIBHOTO THHA

¥, u ¢y HecrsisbiBaromuil ypoBeHb p 101 BAHSHUEM BO3MYIIEHHS CO
CTOPOHB! OpOUTANK 77 STHIEHA MOBBICHICH (HO 1)5), a NOX BIHSHUEM
BO3MYILEHUS CO CTOPOHBI opburanmd 7* monusuwics (no vy). 3uadur,
HECBA3BIBAIOIIMA YPOBEHL NPAKTHYECKH HE H3MEHMICA. JpyTUMH cllo-
BaMH, YPOBHHM 4} M 105 MBI AOJDKHBI 3aMEHNTh OHOH HECBA3bIBAIOIIEH
opburaneio ;. KakoBa cuMMerpus 5ToH a/UTHIBHON HECBA3BIBAIOIIEH
opburamu? CpaBHHM JuarpaMMbl HEKOPPEKTHBIX OpOuUTane ) u 1.
Hpagsie u aeBsie p-AO-cocraBisomue ajs o0enx opOuTanei BHIISIAT
OIIMHAKOBO, HO cpefnsas p-AO opOuTaiu 1, MMEET OTHOCHTEIbHbIE
3HAKH BEPXHEH U HIKHEH JOjel, IPOTHBOIOIOKHEIE OTHOCHTEIBHBIM
3HAKaM BEPXHEW W HIDKHER Joieit opbuTanu 1) . 3Ha4YUT, HECBA3LIBAIO-
Imas aJumibHas opOHTaNb TOJDKHA HMETH HYJIEBOU BKIAl OT LIGHTPaIb-
HOTO aTroMa YyIIepo/ia, T. €. Ha JuarpaMMe HeCBS3bIBAIOUIeH aUTHIAbHOH
w-opOHTany BKAa] LeHTpanbHOH p-AQ IOMKEeH OTCYTCTBOBATh. TakuM
obpazoM, Tpu T-OpOUTANH AUTHIBHOH CHUCTEMBI HMEIOT CHMMETPHIO,
MOKa3aHHYIO Ha pHc. 2.6,6.

U3 pucyHKa BHAHO, YTO CONPSDKEHHE IOHHXAET JHEPIHI0 T-3JeK-
TPOHOB II0 CPaBHEHUIO C WX HSHEPrueil B H30JIHMPOBAHHON ABOMHOIM
CBSI3H.

AnnunpHas CONpsKeHHAs 7T-CUcTeMa crabunbHee (1. €. mMeeT Oosiee
HU3KYIO SHEPTHIO 77-3JIEKTPOHOB) T10 CPABHEHHUIO C CUCTEMOMH «HM30IHPO-
BAaHHAS 3THIEHOBAS T-CBA3b ILTIOC H3OJIHPOBAaHHASA p-OpOUTANb) 32 CYEeT
TIOHVDKEHHS PHEPIUM MEKTPOHHON Maphbl HA HIDKHEH m-opOuTamyu ;.
OO6BI19HO HECBA3BIBANOIIME OpOUTaNI 0003HAYAIOT CHMBOJIOM #; TaKUM
00pazoM, aJLTHIIBHAS T-CHCTEMa HMeeT TpH opbutamu: 7(y)), n,(Y») u

T (1)3).
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DHepruio cTabuIH3anydy aTHIBHON T-CHCTEMBI MOXKHO BBIYHCIIHTS,
HanpuMep, MeTofoM Xrokkess (1. 1, ¢. 54) HiaH ¢ TOMOIIBIO YpaBHEHUS
(2.8), B KxoTOpoM KodhuIMenTsl paBuel 1/v/2 (cm. puc. 2.5) u 1
(nns onuuOUHOH p-opbuTann), a AE, = §. BeluHcieHHA HOKa3bIBAIOT,
410 OpOHMTAIS %) UMeeT Oolee HU3KYIO SHEPTMIO IO CPABHEHHIO € 7-
opGuTansio sTHiIeHa (puc. 2.6) Ha Bemuunny € = (1v/2-1)232/8=1/24,
a OOCKONBKY 3Ta opOuTans 3aHsTa JABYMS O3JIEKTPOHAMH, JHEPTUA
crabuu3auuu Oyner pasHa [

Teneps paccMOTpUM KO3(GHIHEHTE], ¢ KOTOPBIMH KaXKIasi U3 TPeX
yIIEpONHBIX p-OpOHTamell BXOAMT B KaXIYI0 M3 TpeX HAEHOKaIH30-
BaHHBIX AIHIBHBIX 7r-opOuraneii. [locmemHue MOXHO 3amucarh B
CIIeNYIOIIEM BHAE:

Y3 = G101 +Caapa + Ca3p3  (paspeIxastionmas),
1 =Cop1 + Coapn + Cosps  (HeCBA3BIBAOIIAS),
’lpl = C] 191 + C12<p2 + C13Lp3 (CBSI3bIBaIOH1aH).

Ilepras mudpa unpexca npu koddoumuerre C oTpaxkaeT NOPAIKOBBIR
HOMep opbuTanu ¢;, a BTopasi — HOMEpP aToMa yniepoja B aJUTHIBHOH
uenouke U Homep ero AO ;.

Koagpummentsr C ans r000it T-CHCTEMBl MOXHO PACCHUTATH MO
MeTofly XIOKKels, OHAKO A JUIMHHBIX 7-CHCTEM 3TOT pacdeT JAO-
CTaTOYHO TpyAeH. J[JI1 COUpSIXKEHHBIX I[IOIHEHOB C OTKPBHITOH LEMBIO
H(CH=CH)y,H, comepxammx N aroMOB ymiepona, Ko3bGuLIHeHTbI
MOXHO OIPENENUTh U3 YPaBHEHUA

Cy=[2/(N + D)2 sin[ijm /(N + 1], (2.10)

rae {—HOMep AaHHON MOoJIeKyJsipHOH opOuramu (! = 1 mis camoit
HxHeit MO); j— mosnokeHHe NaHHOIO aroMa B YITIEPOIHOH Lernou-
ke. Hampumep, paccunraeM ko3¢@UIMeHTs OpOMTANH 1, aJUTHIBHOM
T-CHCTEMBI

Co =[2/G+D]Y2sin[2- 1yr /(B + 1] = 1/V2sin(x/2)=1/V2,
Cp=1/V2sinT=0,
Cy3=1/V2sin(37/2)=—1/V2.
CrnenosarenbHo, opbUTaNb 1), HMEeT BHI:
P2 =1/V2p) +0p; - 1/V2p3.

310 O3HadaeT, uTo OPOUTAIM Y1 H Y3 BXOMAT B 1> ¢ Ko3hdUUIHEHTaMH,
OIIMHAKOBBIMH 110 aDCOMIOTHOM BEIMYHHE, HO IPOTHBOMOI0KHBIMHU IO
3HaKaM, a BKIIaJl p-opOUTalIH ) B 1 PaBEeH HYIIO, T. €. Ha IIEHTPATBHOM
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28
Puc. 2.7. w-Opbutani UHKIONPONEHHILHOTO THNA

aToMe yriepona HeT opOuramu ;. lleHTpaJbHBI aToM yDiepoga B
opburanu 1, SBIAETCA Y3IOBHIM; UYepe3 HEro IPOXOAHT 3epKaibHas
TUIOCKOCTh CHMMETPHH, IIPH OTPAXEHUH B KOTOPOH BOIHOBast (PYyHKIIUS
MEHSIET 3HaK.

IlpoBens aHanmord4Hele pacdeTsl IS 1, WA Y3, DOIyadM (cp.
puc. 2.6,6)

W1 =1/201+1/V2py+1/23,
by =1/201 — 1/V20,+1/2¢;.

HuxHss opOHTANb 1) HE HMEET Y3/I0B, a 3aTeM YHCIIO Y37I0B BO3PACTaeT
Ha OfMH NpU Tepexojie K ciexpyrolued, Oonee BBICOKOH opOHTamy.
Opburans 9, cHMMeTpHYHA OTHOCHTENBHO 3epKaIbHOH IIIOCKOCTH (o),
Npoxoniuied yepes cepennHy MOMHECHOBOH LU (depe3 UEHTPaIbHbIH
aToM yIuepoza), BTopas opOHTaNb 1, aHTHCHMMETPUYHA OTHOCHTEIBHO
0, @ TpeThbs OPOUTANE )3 OIATh CHMMETPUIHA.

HUKIONPONEHHIIBHYIO T-CHCTEMY MOXHO pacCMaTpUBAaTh KaK pe-
3yIBTaT B3aUMOAEHCTBHA OOMHOYHOH p-AO OXHOBpPEMEHHO II0 000HUM
KOHI[AM 7-opOuTanell 3TUICHOBOTO TUIA. B3auMmoneicTsiue BO3ZMOXKHO
TOJNIBKO cO cBs3bIBaromeid 7-MO, Tak Kak paspsixiaonias opoHTangs mo
CHMMETPHH He IOAXONUT oA mapy p-opOutainu.

CrnenoBarensHo, 7 *-opOuTans He Oyner Bo3Mmymarscs (puc. 2.7).
DHEPrus 3TOr0 BO3MYHICHHUs ONpeAeisieTcsd 10 YypaBHEHUIO, aHalo-

rUYHOMY ypaBHEHHIO (2.9), 6e3 uleHa, yYHTEIBAIOIIETO B3aUMOIeHCTBHE
3aps10B (TaK KaK MOJIEKYJIa 3THJICHa HCHOHﬂpHa)Z
! 2 2 2
=l . e =Lyl a2
6 A e e/ Lsthe gy 31l

3

310 O3HAYaer, UTO 3HEPrus w-OpOHTANH 3THIEHA IOHHXKAETCS Ha
[, a sHeprus 7™ -opOuTany nOBBIaeTcy HA (3, T.€. OTHOCHTEIBHO
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HECBA3bIBAIOIIETO YPOBHsI OpOMTANS 1)y eKUT Ha 23 HHXe, a opOHTaIb
1, —Ha 13 Beie (puc. 2.7). DineKTpoHHas napa Ha opbuTanu i UMeeT,
CIIeIOBaTENbHO, JHEPTUI0 Ha 43 Hike, yeM OoHa Opia OBl Ha YHCTOH
p-opbutanu, ¥ Ha 23 HHXe, YyeM eciau Obl OHa ObUla Ha JTHJIEHOBOH
m-opbutany. L[HKIONpONeHUIBLHBIH KaTHOH NOMKEeH ObITH cTabuIbHee
OTKPBITOTO aJUTHIBHOIO KaTHOHA Ha BenuuuHy J (cp. puc. 2.6 u 2.7).

Opbutanu ¢, U 3 HHKIONPOICHUIBHON 7T-CHCTEMBI BBIPOXKICHbI
M 110 3HEPTHH HE OTIHYAIOTCS OT pasphIX/Aiomed m*-opOurain H30a1-
pOBaHHOU ABOHHOH cBs3u (puc. 2.7). LHKIONPOIEHUNBHBIN pajuKai,
KOTOPBI HMEeT TPH 7-IEKTPOHA, HO T-3ICKTPOHHOM 3SHEPrUU He
OTNHYaeTCs OT AJLTMIIBHOTO PaJHKaia, a YEeThIPEXMEKTPOHHBIM HUKIIO0-
IPOTIEHUIILHLIN aHHOH Ha (7 MeHee CTabWieH, YeM aJUIHJIbHBIH aHHOH.
[NoBsiieHHas cTabUNBHOCTD LMKJIOMPONCHUILHOIO KAaTHOHA COOTBET-
CTBYET €T0 apoMaTHYEeCKOMYy Xapakrepy (1. 12). LluknonponeHuasHEBIR
aHHOH aHTHapoMaTHueH W Hecrabuied. Ecnu Ov1 OH cymectBoBai,
TO mpencraBisyl O6vl coboit Gupanukan, B KOTOPOM JiBa M3 YETBIPEX
T-3EKTPOHOB 3aHUMAIOT IT0 OJHOMY BBIDOXICHHBEIE OpPOHTamH ¥
103 ¥ MMEIOT NapaJuIeIbHYH0 OPHEHTAIHIO CIHHOB (IpaBuiIo XyH[a; CM.
pazn. 1.6, t. 1).

OpfuTtanu HUKIONPONEHIIBLHOM CUCTEME], PACCUHTAHHBIE 10 METO-
Iy XIOKKeNsl, UMEIOT CIeIyIOMMH BUT:

1
Y, =1v2%- 1/v2y, paspbixAsiowMe ,
U = VEE+ VG -2/VE%] BPOKACHHLIE

Y1=1/3p1+1/3p2+1/33.
Huxnas 0p6PITaJII:. HE UMCEET Y3JIOB, a AB€ BCPXHHUC MMCIOT II0 OAHO-
My y3iy. [TOCKONBKY 7-ON€KTPOHHAS CHCTEMA IMKIMYECKas, Y3IOBHIE
HOBerHOCTH IIpOXOAAT YEPE3 LEHTP OMHCaHHOH OKPYXKHOCTH. Ha
NIPHBEEHHBIX HIDKE AHArpaMMaXx IOKa3aHbl IPOEKIHH p-opOuTaneii Ha
IUIOCKOCTHh TPEXWICHHOrO IHUKJIA:

%p ¥, oaun ysen

@ ¥ onun ysen
v ¥ et yanos

1,3-byraauen u 1,3-murnobyTagues mpenctaBnsior coboit Gonee
[IPOTSXKEHHBIC COIPSXKECHHBIC 7T-CHCTEMBI, COACPXKAINMUE HYECTBIPE aTOM-
Hble p-opOuranu. ByramueHoBEIE 7-OpOHTANM MOXHO ITIOCTPOHUTH U3
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Puc. 2.8. @ — Bo3MynieHue nepBoro nopsiika STHACHOBBIX opOuraneii npu o0pazoBaHUK
6yTanueHOBOH 7-CHCTEMBI; 6 — BO3MYUIEHHE BIOPOIrO NOpAaKa

IBYX 3THIEHOBBIX (pParMeHTOB, KaXABIH H3 KOTOPHIX MMEET ABE Op-
buramu: 7 U 7*. B naHHOM ciyyae HEOOXOMMMO YUeCThb BCE YeThIpe
B3aHMMHBIX BO3MYyIeHHs. B3amMmopeHcTBHE MeXAY NBYMS CBA3BIBAIO-
OIMMH OpOWTAaJISIMK SBIIETCS BO3MYUICHHEM TIEPBOTO MOPANKA ¥ JaeT
opbutamu 3 ¥ 1,, oOpasyiommuecs o npasmny 1 (pasa. 2.3.4). Takoe xe
B3aUMOJEHCTBHE MEXY Pa3phIXIIOMUMH OpOHTANIMH Jal0T OpOHTaIH
3 U Yy (puc. 2.8,a). ViameHeHns sHeprun, KOTOPHIMH COIPOBMKIACTCS
3TO BO3MYIIEHHE, MOXKHO BBIYHCIINTD 110 ypaBHeHMIO € = v+ C,C, 3 (cp.
ypaBuenue (2.6)), rne C;, = C, = 1\/5—K03d)(bnunemm, C KOTOPBHIMH
aToMHBIe p-opburamm BxoasaTr B 7m-MO 3THUNEHOBBIX (PparMeHTOB (Cp.
puc. 2.5). Takum obpa3oMm, € = 1/2(3. OmHako IIpH TakoM B3au-
MOJZICHICTBHM OOmHIass SHEpPIrus YEeTHIPEX 7-CBA3BIBAIOIIUX IJEKTPOHOB
HE MEHSAETCS, TaK Kak MOHIDKEHHE B3HEPruH npu o0pa3oBaHUH 1)
KOMITEHCHpYETCs MOBBIIEHHEM 3HEPTHU IpH obpazoBaHuu ¢». Ecmu
)¢ NPHHATH BO BHAMAHHE M IEPEKpHIBAHHE, TO paccMaTprHBaeMoe
BO3MYIIEHHE IIEPBOTO NOPAIKA NPHBENET NaXe K MOBLIMICHUIO O0mieiH
sHeprud {pazzn. 2.3.5).

Tonmwxenue sHeprud OyTaaueHa 110 CPaBHEHHWIO C 3Heprued AByx
M30JIHPOBAHHBIX 3THIEHOBBIX (pparMeHTOB 00ECHEYHBACTCS CMEIIHMBA-
HHEM CBA3bIBaIOIIEl opOHuTamyu OyTaaueHa i C aHTUCBA3BIBAIOUICH Op-
OHUTANBIO Y3, @ TAKXKE CBA3BIBAIOINIEH OPOUTAIIH 1, C aHTUCBS3LIBAIONIEH
OpOMTaNBIO 1)y.

B3aumoneicTBe CBS3bIBAIOIMX M Pa3phIXJIAIOMKX opOuTaneil sB-
JIAeTCA BO3MYILEHHEM BTOporo nopsanka (puc. 2.8,6). Ero oOblyHO
paccMaTpUBAIOT Kak JI06aBOUHOE BO3MYIIeHHE opbuTanei, yxe o6paso-
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BaBLINXCA TIPH BO3MYIIEHHH MepBoro nmopsanka (puc. 2.8,a). Opburanu ¢
pasHOil CHMMETpHEH He MOTYT CMENINBAThLCs ApYyr ¢ Apyrom. Hampumep,
ecnu Obl opbUTans 1)) B3aHMOAEHCTBOBaJA C OPOUTANBIO Y4, TO IEpE-
KpbIBaHHe B (hase opOuTaneit Ha aTomax yriepoga 1 u 3, npoucxoasmiee
npu HAJIOXKEHUH ONHOHN OpOHTANIN Ha APYTYIO, LEAHKOM YHHYTOXAIOCH
6bl nepekpbiBaHHEM B mporuBogase opburaneidt Ha aroMax 2 u 4.
OnHaxo opOHTAMH ¢ U 13, KOTOpBIE 00€ CHMMETPHYHBI OTHOCHUTENBHO
LEHTPa MOJIEKYIBI (T. €. OTHOCHTEIIEHO OHEPAIHH CUMMETPHH, KOTOpas
Ha3BIBACTCA uHEepcueli M 0003HadaeTCs OYKBOIl i), MOTYT CMEUIMBATLCS
apyr ¢ apyroM. To ke OTHOCHTCA H K OpOHTaIAM Y, H 4, KOTOpHIE
o0e aHTHCHMMETPHYHBl OTHOCHTEILHO ONEpaIH i H, CIEA0BaTEIbHO,
MOTYT CMEIIHBATHCH.

Benuyuna 31010 BO3MYIIEHHA BTOPOrO HOpAAKA € = (Cnyﬁ)2 [AE
(ypaBuenue (2.8), AF = 2/, cM. puc. 2.5) cOCTaBIAET TONBKO € = %6.
OnHAKO Takoe BO3MYIIEHHE BTOPOTO IMOPSIKA MTOHIKAET SHEPTHI0 BCeX
YETHIPEX CBA3BIBAIOIIUX T-3NEKTPOHOB U, CIENOBATENEHO, NENOKAIH30-
BaHHAs YETHIPEXIIEKTPOHHAS T-cucTeMa OyTamveHa cTabHiIbHee OBYX
M30JIMPOBAHHBIX T-CBA3EH HA 4 = 5 (3.

KoagduumeHTr! Ipu aTOMHBIX opOuTtaiax OyTalneHa, BRIYHCICHHBIC
o yparHeHHIO (2.10), UMEIOT Clenyoe 3HAUCHUS:

W =0,37p; + 0,600, + 0,603 — 0,374,
i3 =0,6001 — 0,372 — 0,373 + 0,604,
¥ =0,600; + 0,370, — 0,375 — 0,604,
Wy =0,37¢01 + 0,600, +0,603 + 0,37 0.

OTcrona MOXKHO BEIBECTH Pa3MEphI U y3JIOBLIE CBOMCTBa opbuTaneit (cp.
puc. 2.11):

@“O'@f'o Tpu yana{opbutans, aHTUCHMMETDUMHAS
OTHOCUTENILHO MUICCKOCTH 6)
D-O4-O—7) noa ysna(cummetpusnas opbutan)
@—@-—C}—O oK yaen{aHTHCUMMeTpHYHas opBuTans)
@—%-@—@ HeT y3nos(cuMmeTpusHas opbuTans)

Tak Xe Kak K JUIS aJUTHIBHOM CHCTEMBI, OpOMTalHd YepenyroTcs
[0 CHMMETPHH M IIpH mepexofe or 0onee HU3KUX K 00jee BEICOKHM
YPOBHSIM NOCTENIEHHO BO3PAcTaeT YHUCIO Y3JIO0B.

m-Opburtanu uukirobyraarneHa OyIyT paccCMOTpeHs! B paszene 2.4.3.
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2.4.2. 7-OPBUTAJYA JUHENHBIX IOJIUEHOB

K nuneitHpIM T-CUCTEMaM, KOTOPBIC MBI 6leeM YCJIOBHO Ha3bIBaTh
noavenamu, OTHOCATCA MOJIEKYJIBI THIIA

H~CCH),—H,
0

rme n=123... ut a Ecnu n—deTHoe uuciio, TO MOJEKyNa MPEA-
CTaBMIseT 000l CTaOHILHBLI HEeHTPaIbHEII [TOJIMEH, a €CITH /1 HEYETHO,
TO MOJEKyla IpencTaBifeT coOoil HeyCTOHUMBBIE KAaTHOH, PaluKal
WU aHUOH. TakuM cucreMaM CBOHCTBEHHO PEarupoBarTh IO KOHLEBBIM
aToMaM COIPSDKCHHOW IeNouKkH, Omarogaps 4eMy OHHM BCTyHalOT B
peaxkuuu 1,n-npucoequHeHus, TUKJIONPHCOSAMHEHHUS, MOTYT NIpeTepIe-
BaTh CHIMaTpONHBIE NEPErpyHIIMPOBKH, LIMKIH30BATHECS B A-UIEHHBIE
LMKIIBI, COEpXKAIMe CONPSKEHHYI0 CHCTEMY Ha (n — 2) aroMoB,
HT I

W3 nuHEHHBIX T-CHCTEM MBI YK€ pacCMOTPEIH ONHHOYHYIO p-
opOHTaNk, STUIEHOBYIO, aJUIMIBHYIO K OyTaJHEeHOBYIO CHCTEMEI M BBI-
SIBWJIM HEKOTOPEHIE O0IIHE 3aKOHOMEPHOCTH, Kacaromuecss CHMMETPHH,
Y3TIOBBIX CBOMCTB M aTOMHBIX KO3 GbHIHEHTOB MOIEKYISIPHBIX opbHTa-
neit. KonnuecTBo AenoKamn30BaHHBIX MOJIEKYISIPHBIX opOuTanen B To4-
HOCTH PaBHO KOJIHYECTBY KOMOHHHUPYIOIIMXCSI aTOMHBIX p-OopOHTaiei.
B kagecTBe eIWHCTBEHHOIO 3JeMeHTa JUIS OJHO3HAYHOH KiacCH(pHUKa-
oud opbuTaneil Mo CUMMETPHH NOCTATOYHO BEPTHKAILHOH 3epKallb-
HOH TIIOCKOCTH, NMpOXOIfAileH uepe3 CepeuHy IOJIHEHOBOH LEernouKd
(XOT8 MOJIEKYJIBl HOJHEHOB HMMEIOT U JAPYTHE JJIEMEHTHl CHMMETPHHU:
TOPH30HTAJILHYIO IJIOCKOCTE, B KOTOPOH JICKAT s[Ipa BCeX aTOMOB, OChb
BTOPOroO MOPsAKA, IPOXOASIIYIO Yepe3 CepeAHY LEenH, TOUYKY HHBEPCUHN
B UEHTpPE MOJIEKYJIE). B 3TOM pazaere NpuBOASTCS MpaBuila, C IOMOLIBIO
KOTOPBIX MOXHO MOCTPOUTH MOJIEKYISAPHbIE T-OpOHTaNN COMPSKEHHBIX
JNHHEHHBIX T-CHCTEM ¢ J000# IIUHOH LIEHH.

Cummerpust opouraseit. Opbutanu uyepenyrorcs MO CHUMMETPHUH
OTHOCHUTENILHO 3€PKAJILHOM MIIOCKOCTH, IIPOXOALIEH uepe3 cepeauHy
Lleny, IpudeM Hanbojee HHU3Kas MO SHEPrHH opOuTans Bcerma Oyaer
CUMMETPHYHOH.

Y3noseie cBoiicTBa. Haubonee Hu3Kas mo Hepr#M opOHTanp He
UMeeT y3710B. UKMClIo Y3/I0B YBETHUMBAECTCS Ha €AUHUILY IIPHU Ilepexone
OT IaHHOTO YPOBHS K CIENyIOIeMy, Oonee BhICOKOMY. Beicmmii ypo-
BEHb HMEET Y3IIbI MEXIy Kaxaoi cocenHed mapoit AO. Y3nwl Bcerna
pacnojaralTcs CHMMETPHYHO OTHOCHTENBHO IEHTPAIbHON 36PKalIbHOH
IIJIOCKOCTH.
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Oco0eHHOCTH HeYeTHBIX MOJIHEHOB. B noaueHoBEIX OEeAX ¢ HEUCT-
HBIM YHCJIOM aTOMOB uempanr,m)lifr aTOM JICKUT B 3€pKaIH:HOI71 JI0CKO-
CTH, U aHTHCHMMETPUYHEBIC Op6PITaJ'IH JOJIDKHBI UMETH HyﬂeBOﬁ BKJIaJ
OT LEHTPAJIBHOI0O aroma. B atux clrydadaX HMECTCs HECBA3BIBAIOIINKI
YPOBCHE, B KOTOPOM HYJIEBBIC BKJIaObl YETHBIX aTOMOB YEPEAYIOTCA C
p—0p6HTaH§IMI/I B AJIBTCPHUPYIOLIHX (1)3.33.)( Ha HEYCTHBIX aTOMax.

Bxuaael aToMHBIX opOMTanei. [lnA Kaxaoil HHAWBHIYABHOH
MOJICKYJIIPDHOH opOUTany cyMMa KBaipaToB KOI(PGOHUMEHTOR MO0 BCEM
COCTaBJIMIOIINM €€ aTOMHBIM OpOHTAassIM paBHa enuuHIe. [lns kaxmoit
MHJIMBUYalbHOH aTOMHOM op6uTamu cymma C? 10 BCEM MOJEKyIsp-
HBIM OpOMTaIfM, B KOTOpHlE OHA BHOCHT BKJIafl, TOKE paBHA elHHHMIIC.
Ot10 obs3aTenbHOE TpeboBaHHE ISl HOPMAJIH30BAHHEBIX (YOOBIETBOPS-
IOIIMX IPHHUMIY KBaHTOBaHWs) opburtaneil. Koaddunuentr, xapak-
TEPH3YIOIIME BKJIANBl OTACIBHBIX AaTOMOB B KOKIYI MOJEKYISPHYHO
opbuTank, MOXXHO BEIYHCIHTE 10 ypaBHeHHIO (2.10).

Ha puc. 2.9 npuBeneHb! 3CKU3bl m-0pOHTAaNEN NI THHEHHBIX MOJIH-
€HOB ¢ n =1 —§, KOTOpBIE IOCTPOEHHI B COOTBETCTBUM C IIpaBiiaMy 1, 2
u 3, Ho 6e3 ydeTa BenwduHbI K0O3QPUIMEHTOB, XapaKTePH3YIONHX BKIIA-
Jbl OTAENBHBIX aTOMOB. JluarpaMMa IpaBHIBHO IIEPENAET CHMMETPHIO
W Y3IOBBIC CBOHCTBA OpOMTanel, M dTOr0 4acTo ObIBaeT JOCTATOYHO
JUTS Ka4eCTBEHHOIO INpeACKa3aHHA DPeakIHOHHOW CHOCOOHOCTH MO-
JIeKyI1.

2.4.3. AJBTEPHAHTHBIE YITIEBOAOPOIbI

Pacuer 3Hepruit MojeKyIsIpHsIX opbuTanel, HAIpUMep N0 METONY
XroKKens, B cirydae OONbIIHX MOJIEKYIT ABAAETCS OY€Hb YTOMUTEIBHEIM
MPOLIECCOM, TaK KaK NMPUXOJUTCH PeIiaTh OONIMpHBIE JETEPMHHAHTEHI.
O6paHO 1 penieHHS OONBIINX JETEPMHHAHTOB HCHONB3yioT OBM
WIH pa3Mep AeTepMHHAHTa YMEHBIIAIOT, IIPHMEHSS METONbl MaTreMa-
THYeCcKo Teopuu rpynn. Ho ecTs U npyrue myTH.

Boratyio uHpOpMALHIO O MOJEKYJSIPHBIX OPOUTAIISAX MOXKHO IOTY-
YUTH, NIOICYUTAB YHCIIO ¥ MPOAHAIH3IUPOBAB PACIIOIOKEHHE aTOMOB B
Mojiekyrie. Kak yxe roBopuiiocs Bwime, 3Heprusa MO mpsmo cBg3aHa
¢ 4MciIOM y37I0B B naHHOH MO, T.e. ¢ B3aHMHBIM pacIIONOXEHHEM
HOMOKHUTENBHBIX X OTPULATENIBHBIX KOJIEH aTOMHBIX opOuTanei. YTo6s!
ONCHUTH OTHOCUTEIABHYIO 3HEeprio MO, HeoOX0aAuMO IOACUNTATh YHCIO
y310B. Hanpumep, B aluibHOH CHCTEMe HIDKHSAA 7-OpOMTAlbL He
HMeeT Yy3JI0B, cleIyiolias HMeeT OJHH y3el, a TpPeThsi —JBa y3na
(puc. 2.9). OTHOCUTENBHYIO 3HEPTUi0 3TuX MO IerKo onpenenuTh, eciau
TIOJICYHMTATh i CYMMHPOBATh YHCIIO CBA3BIBAIOIINX (1) H Pa3pHIXJIAIONIHX
(—) B3aumoneiicTuit Mexay cocenauMu AQ. JIIs aTTHIBHOM CHCTEMBI
HWOKHSS OpOUTaNb HMEET JIBa CBA3BIBAIONIMX B3aUMOISHCTBHSA, CpEHS
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HEe HUMEET HH CBA3BIBAIOIIMX HH DPaspbIXJIAIOIIHX B3aHUMOACHCTBHH, a
BEPXHAA Op6PITaIII> HMeeT IBa aHTHCBA3BIBAOMINX B3aHMOJCHCTBUSA;

OTHOCUTESbHAR
3IHEprus

!——-?——8: - 2(-)
=

——

[[UKIHYECKHEe CONMPSDKEHHBIE YIIEBOIOPOAEl HMEIOT BHIPOXKICHHEIC
MO (cM. puc. 2.7), BO3HHKAIONIHE BCIEACTBHE TOTO, YTO Y37Bl MOTYT
OPOXOMHTH, Yepe3 LMK ABYMS Ppa3HBIMH IYTAMH, H B pe3yibTare
MOMY4al0TCs Be OpOHTanH C ONUHAKOBOH CYMMOM CBSI3BIBAIOIIUX H
HECBA3BIBAIOLIMX B3aumoneicTeuil. Hanpumep, Genzon (cm. m. 12)
HMEeT HHKHIOK CB3BIBAIOINYI0 OpOUTans ¢ sHepruei 6(+), 1Be BbI-
poxnaeHHbie cBasbiBaiomue MO ¢ sHeprueil 2(+), ABe BBIPOXKIEHHBIE
aHTHcBa3sBatonme MO ¢ sHeprueid 2(—) U BEPXHIOI aHTHCBA3BIBAIO-
myo MO c sHeprueit 6(—).

Pacderst MonexyIspHBIX OpOHTaNel MOXHO elle Oollee YIPOCTHUTH,
€CJIM PaCCMOTPETh CBOMCTBA KJlacca COEAHHCHUH M3BECTHOTO TIO] HasBa-
HUEM asbmepranmubie yenesooopodsl (AY). ANbTepHaHTHEIE YTIEBOHO-
POABI OIPEAEIAIOTCS KaK JH00bIe IIIOCKHE COPSKEHHBIE YIIIEBOROPOLEI,
B KOTOPBIX aTOMBI YTIIEpOa MOXHO HOIETHTH Ha [TOMeYeHHbIe (3Be3/104-
KOM) ¥ HEOMEYEeHHbIE TaKuM 00pa3oM, YTO JiBa IIOMEYEHHBIX WIM JBa
HETIOMEYEHHBIX aroMa He OyIyT HaXOMUTHCS IO COCEICTBY IPYT C JIpy-
rom. Hike npuseneHs! npuMephl ajJbTePHAHTHBIX H HeaabTePHAHTHBIX
YIIEBOIOPOLOB:

YOTHLIE QABTEPHOHTHLIE CUCTEMbI

N **
*/\*/ *@* * KLHI
* *  *

Syranuen benzon (peHaHTpen LMBUHUAITUNEH
HEYETHYIE ONLTEDHOHTHEIE CULTEMbI

* *
N\ Q_
t/ * *

annmn Benaun {KaTuomb!, paguKans!, aHHOHSI )

HEQALTEPHONTHBIE CUCTEMBI *

* *
:
*;
g *
* *

L asyneH
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HeaHbTepHaHTHHC YIEBOAOPOAbl COAEPXKAT IIMKIABI C HEYCTHBIM
YUCIIOM ATOMOB YINI€poOaa.

2.4.3.a. TIAPHOCTb OPBUTAJIEN

IIpu nocTpoeHHH 7-cUCTeMBbl OyTamyeHa M3 IBYX JIOKaJIM30BaHHBIX
w-cBa3el (cM. puc. 2.8) pacnonoxkenue opoUTanei OTHOCUTEILHO JHEP-
TEeTHYECKOTO YPOBHA aTOMHO# p-OopOMTald OCTaeTcsi CHMMETPHYHBIM.
To xe camoe Oyner rabmOmaThCs, €CIIH COCIUHHTE NBa OyTaTHECHOBBIX
¢parMeHTa B OKTareTpacH Wi OyTaaHeHOBBIA (parMeHT IBYMs KOH-
LaMH C 3TWJICHOBBIM $parMeHTOM B MOJeKyly Gensona. Bo Bcex atux
CIydasx Mbl HAYHHAEM C JIBYX CHMMETPHYHO PacIOIOKEHHBIX HaGOpOB
opbHuTaiel U B pe3yNbTaTe BO3MYIICHHS ITONyJaeM TakKe CHMMETpHY-
Hoe pacnonokeHue MO koHewHOro nosnmeHa. Kaxnoi, cBs3pIBaOIEH
opbOuranu ¢ dHeprueil (o — €) Halnercs napHas opbuTans ¢ 3Hepruei
(a+¢€), Tme o — 3Heprus OOUMHOYHOM p-opOuTany.

Jlns mw-cucTeM ¢ HEYETHHIM HUCJIOM aTOMOB ymiepoaa duciao MO
neueTHo. [Ipy 3TOM OnHa opOUTANL (CPENHAS) ABIALETCS HECBA3BIBRIO-
11eif, Ho o0Ias KapTHHA OCTAETCA CHMMETPHYHOM, T. €. K&KIOH CBA3HI-
BaloILEeit OpOMTANH COOTBETCTBYET MapHas AHTHCBSA3BIBAIOIAs OPOHTATb
(puc. 2.9). HapuocTs opbuTaned ABISAETCI XapaKTCPHBIM CBOHCTBOM
aJIETEPHAHTHEIX YDIEBOLOPOIOB, LUMKIHYECKHX M AUMKIHYECKHX, YeT-
HBIX U HEYETHBIX.

Jpyras xaptura HaOmOfaeTcs I8 HealbTepHAHTHBIX YIIEBOAOPO-
IIOB, T. €. IS COUPSIKEHHBIX CHCTEM, COIEPKAIIHX IHKIBI C HEYSTHBIM
YHCIOM aTtoMoB yriepoaa (puc. 2.7). Msl monydamd HHKIOHOpOINe-
HHUJI ABYCTOPDOHHHM BO3MYHICHHEM STHJICHOBOH CHCTEMBI M OIMHOY-
HOW p-opburamn. m-OpbuTanb 3THIEHA MOXET B3aHMOAEHCTBOBATH C
p-opOUTATBIO CBSI3BIBAIOINMM WM aHTHCBA3BIBAIOIIUM 00pa3oM, U IIpH
3TOM oOpasywrcest opbutanud 1y ¥ Y. Tperbss MO SKBHBajeHTHA
HEBO3MYIEHHO# 7*-opburanu. Takum o6pa3oM, HUKIONPONCHUILHAN
cHCTeMa HECHMMETPHYHA: OHAa HMeEET ONHY CHJILHO CBS3BIBAFOIIYIO
opburtais ¢ 3ueprueit (a —23) U ABe MeHee CHIILHO AHTHCBSI3BIBAIOIIHE
¢ s”eprueil (o + 3). HemapHocts opOuTaneiil sBAseTCS XapaKTE€PHBIM
CBOMCTBOM HeaJIbTEPHAHTHBIX YTJIEBOAOPOIOB.

2.4.3.6. OCOBEHHOCTH AJIBTEPHAHTHbBIX YIJIEBOAOPOJOB

ANETEPHAHTHBIE CHCTEMBI HHTEPECHB TEM, YTO UX CTPOCHUE H
PEaKIHOHHYIO CIIOCOOHOCTh MOXKHO O4EHB JIETKO PacCYHTAaTh.

PacnpeaeseHue 3J1eKTPOHOB B YEeTHLIX AJLTEPHAHTHBIX CHCTe-
max. Cornacuo npasuiy 4 (pasa. 2.4.2), [urd Kaxaoi atoMHOI op6uTanu
cyMMa KBasipaToB ko3dduiuenTo Y.C? 1o BceM MOIEKYIIPHBIM OpOH-
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TaJIAM paBHA eMHHIE, U TaK KaK MOJIEKYJsIpHble OpOHTamu deTHbIX AY
pacHonaratOTCsl CHMMETPHIHO OTHOCHTEIBHO HECBA3BIBAIOIIETO YPOB-
Hs, CBA3LIBAIOIINE M PA3PBIXJIIONINE N1apHbIEe OpOHTaNM (HanpuMep, i
U 14 MIH %P, W Y3 B ciydyae OyTagueHa) NOIKHBL OTIMYUATLCA HE MO
BenuyuHe K03QHUIHEHTOB, a TOIBKO IO Pa3HOMY YepEJOBaHUIO 3HAKOB
p-opburaneit (c. 125). CneaosarensHo, s CBA3BIBAIOIIUX opbuTanei
3C?=0,5, a HOCKONBLKY Ha KaXI0H CBA3BIBAIOIIEH OPOHTaIN HAXOATCS
[0 ZIBa JJIEKTPOHA, 00Ias 7-3JeKTPOHHAs INIOTHOCTh HAa KaXI0M aToMe
(n0 BceMm opbuTanam) passa exunuie (2XC2 = 1). Takum o6pasoM,
B 4yeTHEIX AY (oTHieHe, OyTagueHe, rekcaTpyeHe, oKrareTpaeHe, OeH-
30/€ H T. A4.) 7W-2IEKTPOHbI B LIEJIOM PAaBHOMEPHO paclpeleleHbl 110
COTIPSDKEHHOH CHCTeMe, XOTH Ha KaXIOH MHIMBHAyalbHOH OpOHTaIH
paciipeneneHne HEpaBHOMEPHOE.

Pacnpeaesiedne 3JeKTPOHOB B HeYeTHHIX AJLTEPHAHTHBIX CH-
creMax. BaxHoil 0coGeHHOCTBIO HedeTHBIX AY sBsAeTCs Hald4yue
HECBA3LIBAIONICH MOJIEKYIApHO#H opbutanu (n,). Jdag stoit opburamu
k03¢ dumpentel C, OYeHL HPOCTO ONPCACHUTH, MONb3YICh METOAOM
Jlotre— Xwurrusuca, pa3BUTHIM [pr0apoM. MeTon COCTOUT B CIEAYIOMIEM

1) paccraBum 3Be34OUKU Tak, 4TOOBI MMH OBUIO IOMEUEHO MaKCH-
MaJIbHOE KOITHYECTBO ATOMOBR;

2) k03 GHUITHEHTHL 711 BCEX HEMOMEYECHHBIX aTOMOB JIOJDKHEI OBITH
PaBHBIMH HYIIO (CM. OpOHTANb 1), I aJIINia; CM. pHC. 2.6);

3) cymMa k03¢ HUHUEHTOB Y BCEX MOMEUYEHHBIX 3BE3/I0UKOH aTOMOB,
OKpY>Xarolux mo00i HermoMmMedeHHbIH aToM, JOJDKHA OBITh paBHOMR
HYIIIO;

4) na Beeit opburamu LC? =1 (ycroBue HOPMHPOBKH).

UToOb! IPOMILTIOCTPUPOBATE ITH IPaBUIA, PACCMOTPHM OEH30IIBHYIO
cucTeMy (OeH3HIBHBIN KaTHOH, PaJlKall HIH aHHOH):

1) 3Be3MOYKOH ITOMEUEHBI YETHIPE ITOJIOKEHHS, U TOJLKO
TPU HE TIOMEYCHBI; *

2) ko3 PULMEHTH B HETIOMEUEHHBIX ITOJOXEHUAX PABHBI  * -
HYJIO;

3) oTHocHUTENbHBIE BEIWYHHB KOYDOHUIHUEHTOB Yy IO-
MEYEHHBIX aTOMORB OIIPENENSIOTCS NPOCTHIMH apubMeTHue-
CKHMH JneiicTBusmu. HauumHaeM ¢ TOro, 4TO MPUNHCHIBAEM
BenuuuHy x koahdunuenry Cy, Torna C; = —x, YTOOB CyMMa
BOKpYTr nonoxeHus 3 Owbuia HyneBoi. Takum ke obOpaszom
onpenensieM Bce ApyrHe kodpouuueHTsl. B Oonee oOmup- -z
HBIX T-CHUCTEMAaX, KPOME X, MOKHO BBECTH JIOIOIHUTENBHEIE,
IIPOU3BOJILHO B3ATHIE 3HaueHHd ko3QGHUMEHTOB (HanpuMep,
¥, Z U T. 1.), ONHAKO B KOHIIE BCErIa MOJYYUTCS OOCTATOTHO

-z

j=]
.
"@a@a'
(=]
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ypaBHEHHH, 4TO0B! Bce KO3GbGOHIUEHTE BEIPA3HTh YepPe3 AHHCTBEHHYIO
[IEPEMEHHYIO X!

2/}/'7'
—V7 l/\ —1Y7

v

Y7

4) ©C2 =7x2, cneosatensho, x = +1/+/7.
Taxnum obpaszom, GeH3unbHad HecBaA3bBatonags MO uMeeT BUI

w;(’!ﬁ}(ﬂfz+ _(&-5’6-0- 2_?7}

nm

B OeH3unbHOM pajgukalle Ha 3TOH OpOMTANM HAXOOUTCH ONUH
anextpoH (puc. 2.10) u cymmapuas (10 BCeM 3aHATHIM OPOHTAIIAM)
T-31IEKTPOHHAA [IIOTHOCTE Ha KaXKIOM aTOMeE yIIepoja paBHA eIHHHULE.
Jins moboro atoma cymma ko3d@UIUEHTOB Mo BceM opbuTanam LC?
(o cesspBaromEM MO) +XC? (o paspeixiasiomum MO) +C%(n,) = 1.
W3 ycnoBus MapHOCTH (CUMMeTpuH pacnonoxenus MO): XC? (mo
ces3pBaromuM MO) = YC? (no paspeixisiomum MQ). DnekrponHas
IWIOTHOCTH paBHa 23C? (1o ceasbiBaomuM MO) +C%(n,) =1.
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=

§ — —

2

*
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6-7-31eK TPOHOB 7-T-3ReKTPOHOB 8-7-anexTporos

Puc. 2.10. w-Opburanu GeH3HnbHOH cHCTEMBI

142



ITpu Houu3aluy OEH3HMIBHOIO DAfMKaja IMyTeM OTHATHS OIHOTO
2JIEKTPOHA [101Y4aeTCst KaTHOH, B KOTOPOM OTCYTCTBYET MIEKTPOH, B pa-
JHKaJIe HAaXOOUBIUHICS Ha Ny, T. €. Ny UMEET HOJOKHTENBHYIO «ILIPKY»
(puc. 2.10,a). 21a «apIpKa» pacrpeieleHa o MOJIEKYNE, B IOCKOIbKY
CBSA3HIBAIOIIME OPOMTANIM OCTAarOTCH 3aloJHEHHBIMM, pacilpeleleHne
II0JIOKUTEIBHOTO 3apA/ia COINACYeTcs ¢ BenMuHMHOH C2 Ha KaxAoM
aTroMe. AHAJIOTHYHO, B OEH3MIIEHOM aHHOHE, B KOTOPOM Ha 71; HMEETCI
BTOPO#H 3NEKTPOH, OTPHUATENLHBIN 3apa]l pacnpeacieH B COOTBETCTBHH
¢ KxBagparaMu Kod$pGHIHEHTOB, YUHTHIBAIONIMX BKJIaJ KaXA0ro aTOMa B
HECBA3BIBAIOIIYIO OpOUTaIE:

+% -4
=) -1
+1/ ? +1/7 /7 /7
:
+% - /_".'
BenannbHoliA KaTHOH Bemaunboid arvor

Taxoe pacnpepenende 3apsafa B OEH3MIBHOM KaTHOHE H aHHOHE
cootBeTcTBYeT (—M)-30dexTy rpynns —CHj u (+M)-addexry rpymst

—CH,;: ec”z G%Hz

KaTuoH 2HUOH

SHeprus genokaausanuu. Ilpu obpazoBanuu OyTamveHa U3 ABYX
JTHIIEHOBBIX (hparMeHToOB (CM. pHC. 2.8) H3MEHSETCA JHEPTHs, BCIEA-
CTBHE B3aUMHOIO BO3MYILEHHS IBYX 7T-CHCTeM 4YeTHbIX AY. D10 u3-
MEHEHUe SHEPTHM PAacCUUTarh HE OYeHb JIErKO. Bo3MylleHHe [1epBoro
mopsaKa MEXIY ABYMS ITOJXHOCTBIO 3aHATHBIMH WIIH IBYMSI IYCTHIMH
OopOHTAIIMH HEe TIOHWKaeT 3Hepruio. [IoHmwKeHne SHepriuy 00yCIIOBIEHO
OTHOCHTEIBHO cNabbIM B3aMMONCHCTBHEM BTOPOIr0 MOPSIKA MEXKIY
CBSI3BIBAIOIIMMHU M aHTHCBS3HIBAIOMIUMHU opOuTansMmu. B nepBoM mpu-
OMKEHMH BeIUYHHA 3TOro 3Qdexra BTOPOTo MOPSAKA JUIs JIAHEHHBIX
(auMKIN9ecKuX) 7-CHCTEM He 3aBHCHT OT TOro, Kakue ueTHele AY
B3aHMHO BO3MYIIAIOTCS, T. €. MOXHO JO0aBISITH STUIEHOBEIE (hparMeH-
Tl M o0Imas »Heprus Xaxneld pa3 OyJder ocTaBaTbCH OJHOM W TOW
ke, DTO 03HaYaer, YTO alUKIHYSCKHE CONPSHKEHHEIC MONHEHB! CHIILHO
TTOX0XH Ha CHCTEMBI C JIOKaTM30BAHHBIMU 7-CBSII3SMH, UYTO GTPaAXKaeTCs
B JJIMHAX CBA3cil. /IBOMHEBIC CBS3M B aUMKIIMYECKHUX ITOJIHEHAX MMEIOT
TIPaKTHYECKH TAaKyl0 XK€ JUIMHY, KaKk M B 3TWieHe. TeM He MeHee
«IIpocThie» (B KJIACCHYECKOM ITOHHMAaHHH) CBS3H B IIOJHMEHAX 3aMETHO
Kopoue, yeM B sTane (1,48 A Bmecto 1,54 A). 370 sABISETCA CICACTBUEM
BO3MYIIEHHs] BTOPOrO IMOpsiAka. Bo3MylleHre IepBOro [Opsaka He
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cObmmxaeT oObEeNHHAIOMIUECH aTOMBl JIBYX O3THICHOBBIX (parMeHTOB,
a BO3MYIIEHHE BTOPOIO MOpsJKa X COMKAET, Tak Kak 3TO CONpO-
BOXJAeTCsl IIyCTh HeOONBIIMM, HO peabHBIM BHIMTPHIUIEM JHEPTHH.
Jisi BCeX alMKJIMYECKHUX NOJMEHOB BKJIaJ BO3MYILEHHS BTOPOrO MO-
psAlKa, OTPAXAIOIIMICA B YMEHBIUEHMHM AMHHBI «IPOCTHIX» CBS3eil,
OpUOIM3NTEIBHO OAHH H TOT Ke. Ilosromy Temiory o6pa3oBaHHs
[OJHEHOB MOXXHO BBIYHCIIHTH IIPOCTO KaK CYyMMY BHEPrdil OTAESIbHBIX
CBs3EH, MCIIONB3YysA «HUCIPABIEHHYIO» BEJIMYHHY DHEPrHH «IIPOCTOID»
ceasd C—C (91 Bmecro 82 xxan/monp xak B 3raHe). OgHaKko ecid
B Clydae alKaHOB HCIIONL30BAHME B TIOBCENHEBHOU paboTe XHMUKa
MO JIOKAJIH30BAaHHBIX CBS3¢H ONpaBlaHO, TO B Clydae IIONHEHOB
3TO He TaK. AIMKIMYECKHE IOIMEHbBI CKIIOHHBI PearupoBarth 110 KOHLIaM
T-CUCTEMBI.

Hanpumep, OyTagueH NIpHCOEAHHAET MOIEKYITy OpoMa He TOJBKO II0
JBOHHOM CBA3M, HO ¥ B NONOXKEHHH 1,4;

CH,=CH—CH=CH;,+Br; —

— CH,—CH—CH=CH, + CH; —~CH=CH—-CH,.

Br Br Br Br

Kpome toro, puc. 2.8 u 2.9 nokaspIBaioT, YTO ACTOKIH3ANUA HA
CaMOM JieJie SBISIETCS CYLIECTBEHHOU YEepTOH CTPOCHHS DTHX MOJIEKYI.
DaKTHUECKH CYIICCTBOBAHUE MOIEKYH C JEIOKATIU30BAHHBIMU CBSI3IMH
OBLIO IMOHATO eme MHOTO JECATHIETHH Ha3zajd, 4TO OTpaswioch, B
YacTHOCTH, B TEOPHUU «OCTATOYHBIX BaJeHTHocTed» Twie. Tem He
MEHee B ciIydae OyTaaueHa, FeKCaTpUeHa, OKTaTeTPacHa | T. JI. BIIMSAHUE
JeJOKaIu3auy Ha oOINYIO 3HEepruio (HO He Ha 3HEPIHIO0 OTLENIBHBIX
opOuTanefl) HEBEJMKO H MHOTHE CBOMCTBA TaKHX MOJNEKYJ MOXKHO
OIHCAaTh Ha OCHOBE MOJENH C JIOKATH3OBAHHBIMU CBSI3AMU (CM. L. 7).
BBIABHTE IEIIOKATU3AIUI0 MOXHO 00jiee SIBHO, €CIIU NIPU OCTPOCHHU
T-CUCTEMBI MIOJIHEHOB MBI OyZieM 00beIHATE ABa QparMeHTa HeYeTHBIX
AY. [lycts, HanipuMep, 0OLEAUHAIOTCS T-CUCTEMBI IBYX ATTAJILHBIX Pa-
nmukanoB. IIpexae Bcero HeOOXOAUMO TTOSICHUTE, YTO I1OJPa3yMeBacTCA
MOl TEPMHHOM «OObEIHUHEHUE 7-CUCTEM». AJIMIBHBIM pajHKail TEo-
PETHYECKH MOXKET CYIIECTBOBaTh KaK m-pajHKal HIIA KAK O-pajuKall, B
KOTOpPOM OpOuTals, HECyIas HeclapeHHbIH JTeKTPOH, MPHOITH3UTENIBHO
npeacTaruseT coboit sp’-rubpun:

Q M , 6,&4

N A Q0N

/ 0 \H 70 N
T-pasMKan §-pagukan
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Bostee crabuieH m-pagukal, Tak KaKk B HEM BO3MOXKHa [EJIOKaIM3a-
M HECMApEHHOI'0 3MeKTpoHa. Pajukanel MOryT OOBeOHHATHCH, Ie-
peiins B npouecce oObeAMHEHHS B O-palidKalbl, ¢ 0Opa3oBaHHEM
1,5-rekcajuena, 4T0 peajbHO U NPOMCXOAMT B XHUMHUYECKHX PEaKIUsIX,
MPOBOJUMBIX C AJLTHIBHBIMH PaJHKaTaMH:

ZCH;)_:CH—CHz - CHQZ CH_CHz"'CHz '—CHZCHz.
1,5-rexcaguen
Yro06bl OOBENUHUTS ABa w-paaydkana ¢ O6pa30BaHHeM I‘eKcanHeHOBOI‘;I
7T-CHCTEMBI, HYXXHO €II€ W YAAIUTH 10 aTOMY BOIOpoaa OT 00bEIHHAIO-
LIMXCSA aTOMOB YIji€poJa aJlMHJIBbHBIX paJHKAJIOB!

2CH,=CH—-CH; — CH,=CH—-CH=CH-CH=CH,.
1,3,5-rekcarpuer

OToT npotecc B OOBIYHBIX PEAKIUAX HE MPOHCXOIUT, TaK Kak Tpebyer
3aTpaTel HepruH Ha pasphiB cBsazeilt C—H. Takum obpaszom, obObemu-
HEHUE [IBYX AJUIMILHBIX (PPArMEHTOB B I'EKCATPHECH MBI IIPOM3BOIAHM
JIMIIb MBICIEHHO, HE CUMTAACh C 3aTpaTaMy JHEPIMH Ha OTPBHIB JIBYX
aTOMOB BOJOpONa, IIOCKOABKY HAac HHTEPECYeT JIHINL BOMOPOC: KakK
U3MEHHTCS SHEPIUsl IeCTHATOMHOM 7-CHCTEMBI [TO CPAaBHEHHUIO C JBYMSI
TPEXaTOMHBIMH?

[Ipn obsenuHEHUN NBYX HEYETHHIX AY BO3HHKAeT O0JILUIOE BO3IMY-
LIEHHE WX HECBA3BIBAKOIIMX An,-OpOUTaNeH, KOTOpble MMEIOT PaBHYIO
sHepruio (puc. 2.11). M3meHenue o0mieil SHEPrUH w-3EKTPOHOB (KO-
TOpOe Ha3bIBaeTcs awepeuel denoxaruzayuu, SE;), ecnd npeHeOGpeus
MaJIbIMH BO3MYUICHHSIMY BTOPOrO [IOPSAAKA MEX Y 3aOTHEHHBIMY H ITY-
CTBIMH OpOuTasMu (cp. puc. 2.8,0), OyneTr onpenensTbes H3IMEHEHHEM
3HEPruu:

SEr =2¢=2C,C, 5, (2.11)

rae Cy 1 Cy — K03 QUIHEHTHI aTOMOB X H Y B 71, IBYX OOBEIMHSAIOIIUXCS
HEYETHBIX AY.

——

——

Puc. 2.11. Boamyinenune nepsoro nopsixa

mexay HMO aByx ¢parMeHTOB HedeTHBIX — ——H=——
AIBTEPHAHTHBIX YIVIEROJOpOAOB A H B s



JBa amunbHBIX GparMeHTa MOXKHO 0ObeIHHUTH KOHHOM K KOHILY —
¢ 06pa30BaHHMEM reKcaTpUeHa WK 1o 000MM KOoHIaM — ¢ 06pa3oBaHHeEM
6ensona. [lockonbky BO3MyILIEHHs MEPBOrO MOPSAKA ANQUTHBHLL, IIPH
pacuere 0E, ana obpasoBanus Gensona ypasHenue 2.11 ucrnonb3yercs
JBX/Bl — JUIA B3aUMOZIEHCTBHUA Xy M X'y

Y g S W

1/,/59\} ‘Wz

™~
l>/ @

1,3,5-reKcatpuen Benzon
86y = 20,0, B=p 8E,=2(,C,B+C,. 0, /=28

Ben3on okasbiBaetcs Gonee cTabUIBHBEIM, YEM I'€KCATPHEH, T.e. Oojee
CTaOUIIBHBIM, YE€M MOXHO BBIYMCIHMTH, UCXOAs W3 TAOHMILI 3HEPTHil
cesaseit C—C, C=C, u C—H. Cuenoparensuo, 6eH301 ABIIETCH apo-
MAaTHYECKHM YIIIEBOROPOAOM (cM. 1. 12).

Ecnu annun o6seAMHUTE ¢ OOHHOYHOH p-opbuTansio (0603HavaeTcs
JKHPHOH TOYKOH M paccMaTpHBaeTcs Kak KpaiHHWH ciydail HedeTHOIo
AY), TO MOXHO IPWHTH WM K OyTandedy WK K HHKIOOyTaedy:

x X

m [ ]

Byragmen ynrnobyranuen
8E, =20, 08 =V2A 8E, = 20, L, B+ 5uCy B/=0

B 3ToM ciyuae 3aMpIKaHHUC IIMKIA SHEPreTUYECKH HENTPAJILHO, TAK KAK
C:C, u CxC, coxpamarorca. Jlenokanu3oBaHHbIH NUKI00yTafuen yxe
HE apOMAaTHYCH; OH aHTHapOMAaTHYCH, T.&. MEHee CTAOWIIeH, 4eM €ro
aHANOr ¢ OTKPBITON LENbIO WK NPEAIIOIOKHTENBHO BBIYUCICHHBIN 11O
tabaune 3Hepruil cBs3el.

Tockonbky mpH 00pazoBaHMM HUKIOOyTaaHeHa SHEeprHs He M3Me-
usetrcss (0FE; = 0), anmnuibhas n,-opOUTanL NO/DKHA OcTaBarhes Oe3
H3MEHEHHS ¥ IT03TOMY LHUKIODYTaJueH JOKEH HUMETh HECBA3BLIBAIO-
myo MO. Ho nukrobyraguen —3to ueTHsll AY, B xotopoM Bce MO
MapHble, H CIeJOBaTeNIbHO, Y HErO JABE HECBA3BIBAIOIIHE OpOHTAIH.
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Puc. 2.12. 7-Opbutanu nuxnobyraanena. KosddunneHTsl paccyMTaHbl IO METOAY
Xroxkens (sce C=1/2)

VuurteiBas npaBuio XyHAa, MOXKHO 3aKIFOUHTD, YTO IUKIO0YTaAHEH MO
QIIEKTPOHHOM CTPYKTYpE IpeacTapiser coboi Ompanukai (puc. 2.12),
Kax M 4eThIpEX 7-IEKTPOHHBIA [IHKIONPONIEHIIIbHBIH aHHOH (pHC. 2.7).
OHeprusi ABYX CBS3BIBAIOMIMX IEKTPOHOB NUKIOOyTanHMeHa OTHOCH-
TeNbHO HECBA3BIBAIOIIErO YPOBHA cocraBisier 2 X 203 = 403, a coort-
BETCTBYIOIIAs dHEPrasA OTKpeITOro OyragueHa (cM. puc. 2.8) paBHa
(2 x 1,62+2 x 1,62)0 = 4,480, 1.e. nocnenusisa cucrema Ha 0,480
crabuisHee (HamoMuHM, 9T0 3 < 0).

JHeprus AeJIOKAJN3ANHMK HeaJhbTEPHAHTHBIX cucTeM. Onucas-
HBI BBIIIE METO MOXKHO MCIIOJBb30BATh U JUIsl ONEHKU DHEPIMM [eTI0oKa-
MH3aIUH YeTHBIX HeallbTEPHAHTHBIX yrieBonopoxos. Hanpimep, ¢yis-
BEH MOXHO 00pazoBaTh U3 JABYX &JUIHJIBHEIX (ParMEHTOB CIERYIOLIHM
obpazom:

1
,'ﬁx— N SEy=20,L,8+0=8.
/\/2g 0 -5

NOCKONLKY JEI ADS 3TMnena pasha f:

x;’ i SEn =l 088,

¢&bynbBeH, comepXauui TPH CONPSKEHHBIE ABOMHEBIE CBA3H, HHCKOIBKO
He cTabubHee 3THIICHA.

C gapyro#l CTOPOHBI, a3ylJeH HEMHOro CTabHibHEee alMKIHYeCKO-
ro JeKaleHTaeHa, T.€. apOMATHUEH, XOTH ero apoMATHYHOCTh MeEHee
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BRIDA)KEHA, YEM apOMATHYHOCTb HadramuHa. DTO WUIHOCTPUPYETCS
CJICAYIOIIHM pacyeTOM SHEPTUH JeTOKATH3aIHH:

1 =
PO SE,= 2PN
We U U Vins-- JeKanexTaen

1

A -

v ; 1/@ = =6

W O 8E,= 3(2p/V5)=6p/¥5
Vi

HaqTamH

14.1
</;£;\> _— 8E= U2BH5)=4ppS

asynex

2.4.4. 7-CHCTEMbI, COAEPKAILHUE 'ETEPOATOM

OHeprus BO3MYILEHHUA BBIPAXKAETCA B €AUHMIIAX [ U OTCUMTHIBA-
€TCsl OT CTaHJapTHOIO YPOBHS (¥C, KOTODBIA COOTBETCTBYET ONMHOY-
HOM yrinepopmHoil 2p-opbOuramu (mostomy uHaexc —C) W Ha3bpIBaeTCA
neceasvlearowum yposuem. OIHAKO €CIH MBI IIEPEXOOHM OT YHUCTO
YTJIEPONHBIX 7-CHCTEM K CHCTEMaM, COIEepKalldM TeTepoaroM, Ha-
npuMep ot stmiena CH;=CH; k dopmamsaeruany CH,=O, ot an-
nuapHoro andona CH,=CH—CH, —x eHonAT-aHUOHY aueTalbAeruia
CH,=CH—O" unu or 6yrannena CH,=CH—CH=CH; — k akponeuny
CH;=CH—CH=0, 10 KpoMe «c NOSBIAETCA BTOPOHl YPOBEHBL— QQ,
KOTOPHIIl COOTBETCTBYET ORWHOYHOH 2p-opOHTamu aTtoMa KHCIOpoza.
Hockonbky ap # ac (YpOBeHb aio JIEKHT HUMXKeE, TAK Kak Kuciopon 6o-
Jjiee EeKTPOOTPHIIATENBHBIH 3TEMEHT, YeM YIiepol), IpH o0pa3oBaHHH

" . ~N
sr-opbuTanei KapOOHUILEHO| IPYIIITBI /C=O MPOUCXOMMT BO3MYILEHHE

BTOpOro nopsanka (puc. 2.13).

IIpy BO3MyIEHHH BTOPOTO MOPSIKA CBI3BIBAIOINAS OpOKUTaNlb HAIlo-
MHHAaeT 6osiee HU3KO PACTIONOKCHHYIO Oa31CHYIO HEBO3MYILECHHYIO Op-
furtans (cM. pasa. 2.3.5). D10 BeipakaeTcs B koa(HIIMEHTaX H pacipe-
JeJIeHUH JIEKTPOHHOMH IUIOTHOCTH. B aTHeHe KohdHIHeHTH Ha 060HX
aroMax yrieposaa onuHaxoBsl (1/ V2, puc. 2.5), HO B dopMaTbaerHIe
Cc < Co, a C¢ > C§, npudem Co/Co = C/CE. OTO 3KBHBAIEHTHO
YTBEPXKAEHHIO, YTO IIapa 3IE€KTPOHOB Ha CBs3bpIBafoleil opbHuramy w
«CMeIeHa» K aToMy KHCIOPOZAA H Ha KHCJIOPOJie 7-IeKTPOHHBIH 3apan
OTpHIATENbHES, a HA YITIEPOJE IIOJOXKHUTENbHEE, YEM B HEHTpAIbHOH
MOIIEeKyJI€ 3THICHA!

H,C=CH,, H,C%*=0°"
3THUJIER dbopmansaerny

C npyro# CTOpOHBI, INIOTHOCTh aHTHCBSA3BIBAIOIIEH opOHuTamu m* Goib-
nie Ha aToMe YIIepoAa, YeM Ha aToMe KHCIIOopoaa.
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3, kot tae
6 0% =br-Gyrle
*
%y \ i &5
(= \ b &
0 \ 1
Puc. 2.13. BosmyweHue Bropo- \ \
O nopsaka Hpd oOpa3oBaHHH ! 4 «
T-CBA3M KapOOHUNBHOR TIpyHIbL. \ ¢ 0
Mexay ¥+ u Y_ Haxogsrcs \‘ / 0
HECBA3LIBAIOIHE OPOUTAIM HElo- ¥ (x) 0
J€NEHHBIX 11ap JIEKTPOHOB aToMa +

v 9
¢(—0
KHCI10pO/ia L0

HeobxonuMo UMETH B BUIY, YTO OPOMTANb T HE SIBIAETCS BBHICHIEH
3araTod MO kapOOHHABHO! Ipynnel. ¥ aToMa KHCIOpPOAa HMEIOTCS JIBe
HCIO/IENIEHHBIE ITaphl MEKTPOHOB, KOTOPHIE 3aHMMAIOT HECBA3EIBAIOIINE
opbuTtanu (1o4tH BBIpOXIAcHHBIE). MMeHHO 3TH opOHTanu u OymyT
B3MO. Jjloxamuzanus UX Ha KHUCIOpOJE YBENMWIHBAeT OOIMH OTpHIla-

TeJIBHBIN 3apsi Ha 3TOM aToMe. Peaxiuu ¢ anexrpodunamu (Harmpumep,
¢ H") uayr ¢ yyacTHeM Kak pa3s 3THX HecBspiBaromux MO:

N =0 B _. oD
C=0+H" = C="OH.

m-CucreMa eHONAT-aHHOHA (pHC. 2.14) poOACTBEHHA AIUTMIIBHOM
m-cucreMe (cM. puc. 2.6). Cea3niBaromas m-opOHTaMb 1y B OCHOBHOM
HIPUHAJJIEXHUT aTOMY KUCIOPOJa B IIOJHOM aHAIOTHH ¢ COOTBETCTBYIO-
mieit opbuTanso KapOoHUIBHOM rpynns! (puc. 2.13); oHa pacmoioxeHa
04YeHb HU3KO, MOCKOIBKY 00a BO3MYIIEHHS, KaK CO CTOPOHBI OpOHTaIH
Wee STHIEHOBOTO (parMeHTa, TaK M CO CTOPOHBI OpOHMTAamN 7ic,
OHIKAT ypoBeHb O2p. Opbutans moc pacnonoxena Ommke Kk O2p,

4yeM OpOHTaNb T, H IOITOMY B3aUMONEHCTBYeT ¢ O2p cuibHee, ueM
TG ITO MOXHO BBIPA3HTh CHEAYIOMEH CXeMOH:

" /ey "0 A
e + Grio + a3t

CMBICT CXeMBl COCTOMT B TOM, 4YTO OpOHTanL 1) o0Opasyercs wu3
opburany O2p myTeM CMEIUBAHMA €€ C OpOUTANsAMH 7o M Moo B

taze (3HaK «TrOCY). OpbuTans ) no ¢opMe H MO SHEPTUH ITOX0XKA B
nepByto ouepens Ha O2p, BO BTOPYIO O4epels — HA ToC W MMEET JIUIID
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Puc. 2.14, m-opGurany eHonIT-aHHOHa aleTalbAerHaa

cnaboe CXOICTBO C 7. JelicTBUTENBHO, TS HMeeET y3en Mexay C
n C;, a 1) Taxoro ysja He HMeeT. Biusanue n(- Ha dpopmy opbHTanm
) yragbiBaeTcs JIMIIB B TOM, 4TO kodduuuert mpu C, MeHbIIe, 4eM
npu C;, Tak KaKk 7o NOAMEIIHBAaeTcS K moc B obnactu atoma Cp
B 1poTHBodase, a B obnactu aroma C;—B (aze COOTBETICTBYIOLIHX
p-byHKUui. ,

Op6utany ¢ u 3 00pa3yrICcs CIeqyINMM 00pazoM:

X "\ /40 V.0
CCr0 — (&0 |+ | G G0 | —> CC0 ¥
00 0 L
Tee 02p ¢
rNaBHbIM MeHbllMe BKNaLLl B ¥
BKNaL
CrCr0 + . ccg—»?cgw
7L I U R R IR
60 éNY?
FNABHLIM MEHbIUMA  oyeHb HeSonsluom
BKNaA 8 ;03 BrAAn Byé BKN24 8 %

Opburane 1; pacrnonoxkeHa HHXKe YPOBHS «c, HO BBHIIIE YPOBHA Q.
ITostomy Mexny C; u C; uMeercsa cBsasbiBaHHe, a Mexay C; u
O — antucBa3eiBane. OpbuTtans i, HEIb3s pacCMAaTPUBaTh B IOIHOM
CMBICJIE KAK HECBS3BIBAIONIYIO (B OTIHYME OT ), ajUIuia), TaK Kak
ko3dunyenT nenrpansHoro atromMa C; He paBeH HYIIO, HO TEM He
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Meree koaddunuent npu C; owenp man (puc. 2.14) u nostoMy
peaxiuy AeKTpodIoB Mo aroMy C; ManoBeposTHEL U geficTBHTENBHO,
BCE peaKkuud aMOMIEHTHBIX aHHOHOB C 3IEKTPOQUIBHBIMH areHTaMH
unyr wim o O win no C; (. 17). BaxubpIM 00CTOSTENBCTBOM
aBjIsieTcsa TOT (AKT, UTO B OPOMUTAND ), IMABHBEIA BKJIaJ BHOCHT aroM
ymepona Cp, a He atoM kuciopopa. Eciam ydects, uro opOHTamu
HEMOJEJIEHHBIX [1ap JTeKTPOHOB aroMa KUCIIOPOAA JIEXKaT HIKe 1, (Tak
KaK o HUXKE 1p; cM. pUC. 2.14), TO MOXHO NPHHATH K 3aK/TIOYEHHUIO,
YTO B PEaKUMAX ¢ 3JIeKTpodUIaMU, B KOTOPBIX BaXKeH OpOHTaIbHBIN
KOHTPOJIb, Oy/leT IPOUCXOUTH aTaka 1o C, a B peakuax ¢ 3apsaoBbIM
koutponeMm —araka no O (cMm. pasg. 2.3.7), IOCKONBKY Ha aToMe
KHCJIOpO/la OTPHIATENBHEIH 3apsn Oonplne, yeM Ha aToMe YIIepona,
H3-3a TOTO, YTO OH UMEET HEIlO/eIeHHBIE Taphl H, KpOME TOT0, HIKHSASA
3aHATas OpOUTAb 1) B OCHOBHOM IIPHHANIEKHUT KUCIOPOAY H JIMILb
cinabo menokanu3oBaHa Mo aroMmam yriuepoaa (cM. puc. 2.14). Ilycras
opOuTaIh EHONAT-HOHA )3 JIOKAIH3YeTCs B OCHOBHOM Ha Cj, II03TOMY
o Cy Morna 051 HATH aTaka HykineopuaaMu. ONHAKO €HONAT-HOHEI HeE
CKJIOHHBI PEarHpoBaTh C HYKIeo(uIaMHu u3-3a TOTO, 9TO CaMH HMEFOT
OTpHIIATeNIbHBI 3apsf, T.€. CaMH SBISIOTCS CHIBHBIMH HyKiIeodu-
JIaMH.

Tenepp 0OpaTHM BHHMaHHE Ha TO, KakOBBI kod(QHUIHEHTEI, ¢ KO-
topbiME aToMbl O, C; u C; BXOZAT B AaHHYIO opbuUTamb M B pa3HbIe
opburanu, IIpu KadeCTBEHHOM paccMOTpeHMHM OyneM Ha3bIBaTh ITH
K03 PUIMEHTH] «OOABIIOW», «CPEeOHMID U «HEOONBIIOH» B COOTBET-
cTBHH ¢ pazmepamu p-AQO Ha puc. 2.14. MOXXHO COCTaBHTH CHERYIOMYEO
tTabnuny (tabn. 2.7).

Tabnuua 2.7
Bxiaas: atomoB B MO eHOJIAT-HOHA alleTAIbACIHIA
Op6urans Cy C 0]
s cpeaHHH: 6onbuoi HeGOMBIIONH
o SonbuIoH HeOOIbLUIoH CpeaHHii
Py HeOONBIION cpeaHui bonpmoi

Mel BHIMM, 4YTO IO BceM opOurtansaMm (B CTPOKax) M II0 BCEM
aroMaM (B cToaO1ax) k03¢G(PUIMEHTH MEHSIOTCS TakuM o0pa3oM, 4To
onpeneneHns «OONBLIOH», «CpeqHHH» H «HeOONbLIIoH) BCTpEYarTCs
IO OJIHOMY pa3y W HEeT HH ONHOH OpOWTAaNIH M HHU OAHOIO dToMa,
711 KOTOpBIX Bce KO3¢UUMEeHTsl (MIH Jaxe ABa U3 Tpex) ObUTH Obl
OONBIIUMM, CPEJTHUMH WIH HeOONBIIMMH. JTO SBISETCH CIEACTBUEM
[OpHHIHUIA KBAaHTOBAHUSA, COITIaCHO KOTOPOMY NPHEMJIEMBIMH PEILeHH-
aMu ypaBHeHus lllpenunrepa sBISIOTCS HOpPMalW3OBaHHBIE OpOHUTAIH
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¢‘;‘ s TOU Y370

$, s 82 yana Puc. 2.15. w-Opburanu axposeura. B paii-
OHe OpOUTANM 12 HAXOAATCA HECBA3BIBAIO-
M Me opOHTANK HEMOENCHHBIX Iap K-
TPOHOB aroma Kucnopopa. OnHa U3 3THX
‘ﬁé ——-H— odun yaen opbuTaeli no SHEPruy Takas xe, Kak ¢, a
Ipyras nexutT Ha 40 kxaJ/Mone BHIIE ;.
’-8—%3 HCMO — 310 opburans %3, o B3MO —
3T0 He opOuTans -, a BblIIE Jiexallasx

¥ = ner yanoh opbuTank HEMOAEAEHHOH napsl

(paza. 1.3, mi. 1), ¥ MOXET CIIyXHUTh PYKOBONAUIMM NPHHIMIIOM IIPH
COCTaBJIEHHH KAaYECTBEHHBIX KAPTHH MOJIEKYIAPHBIX opOUTaeii.

Y310BBIE CBOHCTBA m-0pOUTaNEll €HONAT-aHHOHA B IIPHHITUIIE TaKue
KE, KaK W AN aJUTHJIBHOTO aHuoHa (cp. puc. 2.6 u 2.14): HMXHAA
opbuTalib HE HMMEET Y3JI0B, BTOpas OpOMTaNb HMMEET OOMH Y3el, a
TpeThs — JiBa y31a. OIHAKO y3/Ibl B SHOJIST-HOHE PACHOIOXEHBI HECUM-
METPHYHO; HallPUMEP, Y3JIOBas IUIOCKOCTH OPOUTANH ), HE TPOXOIUT
uepe3 LHEeHTPATIbHBIA aToM, a HaXOAUTCs rae-To Mexnay aromamu C) u
O. Tem He MeHee cOXpaHseTCs TONONOrHYEecKoe mojiobue opbuTaneit
aJuIluIa ¥ eHOJATa M HTOro, Kak Mbl yBuauM manee (w1 17), OoiBaer
BITOJIHE JOCTATOYHO, YTOOBI YTBEPXK/AaTh, 4TO aJUIMIIBHBIH U eHOJATHBII
AHMOHBI OJIKHBI TPOSBIATH KAYECTBEHHO-CXOIHBIE XHMHUYECKHE CBO-
CTBa.

Axponeun (OyTeHaND) CHZZCH—CHIO npeacrasnser coboi

YETHIPEXaTOMHYIO 7-CHUCTEMY ¢ TIeTepoaroMoM. MONeKylIspHBIE 7-
opOHTaIH 3TOTO anbaeruaa IoKa3aHel Ha pHC. 2.15.

Ha npumMepe axpoiedHa MOXHO 110Ka3aTh, YTO KaYECTBEHHYIO Kap-
TUHY paclipefeneHns kodhQUIMeHTOB IpH pPasHBIX aToMax B Pa3HBIX
opbHTanAX MOXHO NaTh, HE MpHOeras K pacderam, a I10JAb3YsACh JTHIIb
npoctoit norukoit. Ilpexne Bcero cienyer HaWTH YHUCTO yDIEPOAHBIH
aHaJIOr aKkpojieuHa; 3T0 OyTajueH, OpOUTaIH KOTOPOro NMPHBEISHB! Ha
puc. 2.8. w-CrcTemMa akposeHHa 10 y3JIOBBIM CBOHCTBaM HOKHA OBITH
nonobHa w-cucreMe Gyrasrena, 1o3ToMy OpOUTaIH aKPOJIECHHA CTPOHM
Tax, 4TOOBI HIDKHAA OPOUTAIB He MMeNa y3JI0B U ObllIa «CHMMETPHYHOM))
OTHOCHTENBHO IIEHTPalbHOM IITOCKOCTH. CHMMETPHIO TIPH 3TOM HYXKHO
TIOHMMAaTh He B abcomoTHOM cMeiciae. Ctporo roops, opOHTamb 1
aKpOJe€HHAa HECHMMETpHYHA (B oTIHYue OT OyTajaueHa), IIOCKOIBbKY
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aToMHbIe KOA((UIUEHTH! pacupele/ieHbl HECUMMETPHUYHO; O CHMMeET-
PHH MOXKHO TOBOPHTH TOIBKO B TOHOJOTHYeckoM cMblcne. Opburans
¥p JMOMXKHA OBITh «aHTHCHMMMETPHYHA» H HMETh ONUH y3€d B LIEHTpE
MOJIEKYJTb, OpOHTANIE 13 «CHMMETPUYHA» U HMEET JIBa y3J1a U, HaKOHell,
opOHTaNb Yy «AHTHCHMMETPHYHA» H HMEET TPU y3na (MeXIy KaXmoi
napoit coceaunx AQ, xak ¥ OyragueH).

Teneps obcynuM, KakOBBl JODKHBI OBITH KO3(GGULIHEHTH], T. €. OT-
HOCHTEIIbHBIE pa3Mepbl aTOMHBIX opOurtameir Ha puc. 2.15. Haunem
¢ opburamu . Ona umeer y3eq mexny C(1) u C(2), T.e. Mexny
STHJIEHOBHIM (PparMeHTOM U KapOOHWIBHBIM ()ParMEHTOM HET CBA3BI-
BaHuA. ClenoBaTenbHO, NPHOIMKEHHO 3TY OpOHTaNIP MOXHO IIpEeAcTa-
BHTh KaK H30JHPOBAHHYIO CBA3BIBAIOILYIO0 7W-OpOHTAaNbL JTHIEHA (CM.
PHC. 2.5) H U30JUPOBAHHYIO CBA3LIBAIOIIYIO 7-OpOUTAIL KapOOHUIBHOM
rpyoasl (cM. puc. 2.13). OrtuieHoBas w-opOUTANL HMEET paBHEBIE
BKJIaJEl OT ODOMX aTOMOB, a 7T-opbuTans KapOOHMIIA — 3HAYHTEIBHO
OonpIIMH BKJIAM OT KHUCIOpOHAa, 4eM OT ymiepona. TaxuM obpazom,
MOXHO Tojaratb, 4ro B opbuTans 1, axkponemHa aroMbl C(3) u
C(2) 6ynyr BHOCHTH «cpemHuit» Bkaaa, atoM C(1)— «HeOombpmoH»,
atom O — «Bomnpmoit» (puc. 2.15). Boobwe roBops, Tpex ompenene-
HUH («OONBIION», «CpEeNHU» H «HEOOJNBIION») JUIA YeTHIPeXaTOMHOM
CHCTEMBI HEJOCTAaTOYHO: HYKHO HYeThIpe TIpajallid, TakK Kak BKJIam
OT KaXIOT0 U3 YETHIPEX aTOMOB MOXET OBITE pa3HBIM, ONHAKO IS
MPOCTOTHl MBI Oy[leM HCIONB30BaTh JIUIIb 3TH TpH TepMuHa. Opbu-
Talb 14 MOXHO paccMarpHBaTh KaK aHTUCBA3BIBAIONIYIO KOMOHHALHUIO
paspeIXIAOIIeH 7" -opOuTanu amIuIbHOrO (QparMeHTa M p-opOUTaIH
aToMa KHCIOpOda, [O3TOMY OHa JOJDKHA OBITH IOXO0XKA, C OXHOM
CTOPOHBI, Ha H30JIUPOBaHHYIO 7*-opburans ammuna (cM. puc. 2.6). C
JpYro# CTOPOHBI, 3Ta opbuTanb OymeT moxoxka M Ha opOUTalb )
¢dopmanpnernaa (puc. 2.13). «*-Opburans amnmiia uMeeT OOIBIIMIMA
Bknag or C(2), a w*-opburans C=0 umeer Gonpmuit Bxnag or C,
gyem oT O. IloatoMy B akponenHe koab¢uuumentsl Ha C(3) u C(1)
MOXXHO B3iTh «CpegHUME», ko3hduument Ha C(2) — «bonpbmum», a
Ha O —«uebonbmuMy». OpbuTans 1; CBA3BIBaET BCE YETHIPE aTo-
Ma H siBnseTcs cBs3bIBatomied komOuuanued w-C=C u n-C=0. B
OyTamueHe aHanorydHas opOUTanb HMeeT YBEJIHYCHHBIH BKIaA OT
cpenaux atomMoB (cMm. puc. 2.8). [Hostomy xo3dduumeHnt npu arome
C(1) bymer Gonblle, 4eM B CBA3BIBAIOIIEH OpPOMTANH M30MMPOBAHHOMN
KapOOHHIbHOM Ipynmbl. K3-3a 3T0ro HEMHOTO yMeHBIIHUTCH KO3(du-
nuent npu O. Koadpbunuent npu C(2) Takxke cienyer yBEIWYHUTH
3a cyeT yMeHblIeHHs Bxiaajga aroma C(3). BosHukaer Bompoc: rue
6onbme koddouument —Ha C(1) mnmu C(2)? MoXHO monarath, yToO
Ha C(1), MOCKONBKY w-CHCTEMY aKpOJEMHd MOXHO IpEACTABUTL H
KaK pe3yJbTaT B3aHMHOTO BO3MYILIEHHS 7T-CHCTEMBl €HONAT-aHHOHA H

153



onuHO4YHOK 2p-AO yrirepoma, M ;-opOHTanb EHONATHOH CHCTEMBI
HMEET BKJIAL OT LEHTPAIbHOTO YDIepoaa OoJbIlle, HeM OT KpadHero
(puc. 2.14).

Takum 06pas3oM, IOJIyHUHUM KapTHHY, IIPEACTABIEHHYIO Ha puc. 2.15.
Bxnaner B ¥, Oyayt: mns C(3) — «uebonsmoiny, mis C (2) «cpeaHuity,
st C(1) «bonpmoii» u mug O «CpesHuiny».

AHaJNOrMYHO, IS t)3, ABIAIONIEHCA CBs3bIBAIOIEHd KOMOHHAIHeH
JBYX paspsixisiomux opburaneit, 7*-C=C u 7n*-C=0, yuursiBas Buj
opburann OyrtanueHa (puc 2.8), rme BKIaAH! OT BHYTPEHHHUX TOMOB
MEHbIIIE, YeM OT BHEIIHMX, IONYYaeM CIENYIOIIee paclpeleleHue
BKIanoB: oT C(3)— «bonemioii», ot C (2) — «uebompwmoi», ot C(1) u
O — «cpenumit» (puc. 2.15).

UroObi NpPOBEPUTH IIPAaBUIBHOCTh TaKOil KadeCTBEHHOH OleH-
ku k03bdUITHEeHTOB, cocTapisieM Tabnuny, aHamoruguyro Ttabm 2.7
(taba. 2.8).

Tabaunuma 2.8
Bxiansl atomos 8 MO akposienta
Op6urans C3 C, Cy (6]
Pa CpeAHnH GonbnIoi cpeHMit He6oIBLIOH
i 6onburoi HebGonsiuoiH CpeAHHI cpenHuit
in cpeaHui CpeAHUi HeOOBLION Gosnbitoi
P HeOonbIIoR cpenuuit BouIbLIOR cpenHui

W3 Hee BMOHO, YTO HO KaXHOH OpOMTAMM JUIA PA3HBIX ATOMOB
U 0 KOKAOMY aToMy [UIS pasHbIXx opOuraneil gBa KoddduiueHTa
HMEIOT «CPERHIOI» BEIIMYMHY, ONMH KodD(DHIMEHT «HeCoNnbmon» u
onuH «OO0IBIIOY. DTO MPUBOAKT K 3aKTIOYEHHIO, YTO OpOHTaNy mOoiTy-
YWIMCH HOPMAJIHU30BAaHHBIMH, YIOBJICTBOPSIOMIMMH MPHHIIMOY KBAaHTO-
BaHHS DHEPIUH, H COCTABICHHAS OpOUTANIEHAS KapTHHA, TIO-BUIUMOMY,
Ha Ka4eCTBEHHOM YPOBHE BEpHA.

2.4.5. ®TOPITUWIEH

Monexyna dropatunena FCH=CH,; umeer m-cucTeMy, aHanorug-
HYIO 7T-CHCTE€Me eHONST-aHHOHa aneransaeruaa. [lostomy HebGonpmoi
MOJIOXKHUTENBHBIM Me30MepHBIH 3¢ dexT atoma dropa (o* = —0,07) Gyner
O HEKOTOPOH CTEeIeHH YBEIMYHBATH T-3JICKTPOHHYIO ILIOTHOCTH HA
atome C(2). B o0meM, xax # B Ipyrux nogoOHBIX aJUTHILHOH cHCTeMe
MOJIEKYTaxX, 7-3NeKTPOHHAS IIOTHOCTh KOHIEHTPHPYETCA B OCHOBHOM
Ha atoMme ¢ropa M [(-yIIEPOMHOM aTOMe aJlTMIBHOWM IPYIIIEI, OXHAKO
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HauBBICIIAs 7-3NEeKTPOHHAA IJIOTHOCTH OCTAETCs BCE-TAaKH Y aroMma
¢dropa:

B3MO(wenanenennas
f’—cu)—c(z) napa gropa)
FQCH-'QH, F g O naubonee BbHICOKAN
Me3oMepHast P —Ca) W3 3aHATHIX X-MO
popMyAa é

p_& Em HAOKHSS -MO
‘\ 8+ 8—’1' 0 0 o
/ ™~
F pacnpenenemme
TCINEKTPONOIO 3apAA3

ITockoneKy 7r-3NMEeKTPOHHEIA 3apsnx Hambosee Beauk Ha atome F u
y aroma C(2) Gompme, uem y aroma C(1), m-cocTaBagiomas IUIONIb-
HOTO MOMEHTa MOIEKYIbI (PTOPITHIEHA!, €CITH ee pacCMaTpUBaTh Kak
BEKTOPHYIO CYMMY 7mr-cocTaBistromux auroneir cssazeit C—C u C—F,
Oyner HampaBieHa OoT (Topa K aToMaM yriiepoda (T.e. ¢Top sBageTcs
OTPULATEIHHBIM KOHIIOM JIHIIONA):

F—————CH=—=CH,

_ * <r+:: Hecl™/
e

cymMapras ni-cocrapismomas (BgcH—cH,™)

Orcroma creayeT, YTO HAIpPaBICHHE H3OTHYTHIX CTPEJIOK B Me-
30MepHOH (opMyse (GTOPITWICHA WIH KaKUX-THOO APYTHX MOJIEKYI
HEJb351 OTOX/IECTBIATH C HAaIlPaBJIEHUEM T-COCTABJISIIONIEN AUITOIBLHOIO
MOMeHTa MoeKynsl. CTpelkd JAloT NpeACTaBIeHHE JHIIb O pacrpe-
JEeJIE€HHHU 3JEKTPOHHOM IUIOTHOCTH Ha BhICIIEl u3 3aHAThIX 7-MO
¢roparunena. Mx ucnonp30BaHHE NOMOTAET OOBACHHUTH OPHEHTAIHIO
MEKTPOPUIBHOIO NMPUCOETUHEHNS K HTOPITHIEHY U IPYTHM ajKeHaM
(cM. 1. 5). Ho cymmapHoe pacnipe/ielieHHe SNeKTPOHOB B MOJIEKYJIE U,
CIIEZIOBATENBHO, 7T-COCTABIISONIAs JUIIOILHOTO MOMEHTa OIIPEIENIIIOTCS
He Tonbko 7-B3MO, HO B ApyTHMHU 3aHATHIMH T-OpOUTAIISIMHE.

2.5. MOJIEKYJISIPHBIE o-OPBUTAJIN
2.5.1. TPAOGUYECKOE [IOCTPOEHHUE MOJIEKY.ISIPHBIX o-OPEUTAJIEM

W3 npensiayniero pasjena MOKHO 3aKNIOYHTE, YTO MPUOIIDKEHHOE
rpadugeckoe U300pa>KeHHe MOJEKYISPHBIX T-opOuTaneid moboit npo-

1 ITocTOsHHBIH ANITONBHBIA MOMEHT IIPUHATO paCCMaTPHUBATE KaK CYMMY - K T-COCTARIAIOIHNX.
o-Cocragsnsionas XapaKTCPU3YCT IHNOCTOAHHYIO [MOJAPU3ALMIO O-0CTOBAa MONCKYJIBI, a 7~
COCTaRIAIOad — NOCTOAHHYKO NOQJEAPU3ALHIY 7T-3JICKTPOHHOIO ofnaxka.
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TSHKEHHOCTH 0co00TO Tpy/a He npexacraniser. HeCKOIbKO CIOXKHEE [10-
CTPOHUTH 3CKH3BI MOJEKYTSIPHBIX 0-0pOUTANIEH, PACHPOCTPAHAIOMIHXCS
Ha BCIO cUcTeMy T-cBsi3ed. Kak u s m-opOuraieii, MeTON MOCTPOEHHUS
0-MO ocHOBaH Ha TEOpHHM BO3MYIIEHHH MOJEKYTSAPHBIX OpOHTasei.
B kadecTBe mepBOro mpUMepa PAcCMOTPUM IMPOCTYIO IABYXATOMHYIO
monekyny HF (cM. pasn. 1.9, on. 1).

2.5.1.a. MONEKYJISIPHBIE OPBUTAJIN HF

Monexyna HF ob6pasyercs myTeM B3aWMHOIO BO3MYIIEHHS OpOHTa-
neit Hls u BanenTHBIX opOuTaneii (2s, 2p) aroma ¢dropa noaxomsie
It B3aumogeincTBud ¢ Hls cummerpuu. [insa obpaszosanus cssisu H—F
MOTYT OBITh HCITONIB30BaHBI TOJIBKO 25 ¥ 2p-opbuTanu aroMa ¢ropa, TaK
KaK IepeKphIBaHKE 2p, M 2p.-opOuTaneit aroma ¢pTopa ¢ 1s-opOHTaIIBIO
aToMa BOIOpOIa paBHO Hymo (cM. 1. 1, pasn. 1.7).

z
His F2s HIs F2p J

opbuTanu, y§acTeyowmue 8
ofpa3opanuu 6-CBS3M Hyneeoe nepexpbinanue

Taxum 00pazoM, B 06pa3oBaHuH onHOH cBA3M H—F moKkHB yyacT-
BoBaTh Tpu opburanu: Hls, F2s u F2p,.

U3 Tpex meBosMymieHHEIX opburaneil (AQ) momxHB 06pa3oBarhCs
TpH BO3MyIIeHHBIE opOutanmu (MO), Ho cBa3u H—F cooTBeTcIBYyIOT
aumb aBe MO: css3plBaromas ¢ ¥ aHTHCBsA3bIBaromas o*. Cinenora-
TenbHO, mpembsi MO donxcra Hocumb Heceazvlsaowui xapaxmep. Tlo-
JIydaeTcsl CUTYalus, aHaJOTHYHas PacCMOTPeHHOM Beime (paszn. 2.4.1)
pH 00pa3oBaHKUK HecBA3bIBaOLIeH 7-MO alTHUIBHOR T-CHCTEMEL

Juarpamma monexynspebIx opbutaneii HF npusenena Ha puc. 2.16.
TTockoneky ¢rop 3HauMTENBHO GoOJiee AMEKTPOOTPHUIIATEIEH 10 CpaBHe-
HHIO C BOXOPOHOM, ero BaieHTHsle AQ Ha AHarpaMMe pacIONOXEHBI
uuxe ls-opburanm Bonopona. Camas HkHsA ces3pBaromas MO ¥,
mo 3Heprud Ommke Bcero kK F2s-opburanu, mosromy um no ¢opme
¥ noimkHa ObITh moxoxeit Ha F2s. OHa o6pa3yercs BO3MYIICHHEM
2s-opOutanu gropa noa BIUsHHEM ls-opOHUTamu BOAOpoaa, BOIMYIIECH-
HO#H 2p,-opbuTainsio ¢ropa:

H—F
—(O + (0—) + [—ce] — 0—e

F2s His F2p, dHF

Iockoneky 3 camas HwxHAS MO monexynsl HF, B3auMoneicTBHe Tpex
opbuTaneil mMpOUCXONHUT B (pase, YTO OTPAXKEHO 3HAKAMH «ILTKOC» HA
NPUBEAECHHON CXEME.
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7 ¥ O-weo 6*(HF)
v (i
volpea==ll % —e
S o y o—oe
2
Y o—O 6(HF)

Puc. 2.16. Monekymspusie opbutann HF

IlepexpbiBaHue MeXAy AByMS S-OpOHTamsSMH JIOJDKHO TPEBHIIATH
[IEPEeKPHIBAHHE MEXAY S~ U p-opburamamu (cMm. niL 1, pasx. 1.7). Dro
03Ha4aer, YTO INABHEIM BKJIAJ] B DHEPIHIO ¢¥; BHOCHT B3aHMOJIEHCTBHE
F2s—Hl1s. B mepBoM mpuOIHXKEHNH MOXKHO jaaxe mpeHeOpedb BO3MYy-
HOIEHHEM CO CTOPOHEI opbutanu F2p, (mo3ToMy Ha cxeMme 3Ta opOUTaNs
3aKI0YEHa B KBaJ|paTHble CKOOKH) U CUMTATh, YTO 1] 00paszyeTcs TONBKO
u3 F2s u Hls. Iockonbky 1, Omwxe k F2s, uem x Hls, xosddumnmenr,
C KOTOPBIM B Hee BXOAUT F2s, noMKeH npesbiuarts koadgumuent Hls
(nostomy Ha cxeme H s 3axmoueHa B kpyriible ckoOku). Takum oGpasom,
opbuTans 1) AOJDKHA BBIDIAAETH MPUMEPHO TaK, KakK [TOKa3aHO HUKE,
9TO MMOJIHOCTBED) COOTBETCTBYET €€ «SIHIEBUIHOH» dopMe, OTyIEeHHOH
¢ nomMompeio OBM (cM. puc. 1.17):

—QO +(0—) — =¥,

F2s Hls

Paccyxcﬂaa aHAJIOTHYHO, MOXHO 3aKJIKOYHMTHL, YTO pPas3spbhIXJIAOIIasd
op6p1Tam> '(ﬁ5 B OCHOBHOM NIPHHAJUIEXKHT BOAOPOLY:

H-—F
O— — (—cCce — | —= ()0
His ( FZ ) " [ FZs] &*(HF) W

IIpenebperas rnociaeaHuM 4IEHOM, MOTYYHM:
O——(-ce) —— O

Monexyna HF umeer tpu necpssmBaromye MO (puc. 2.16). Ise u3
HHX — 3TO HEBO3MYIUIEHHBIE 2, U 2p,-0pOUTAIIH, KOTOPbIE COOTBETCTBY-
T «HEMOACJIICHHBIM 3JICKTPOHHBIM IIapaM». TpeTb}i 0p6manb 'lﬁz — 3TO
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opbuTanb atoma ¢Topa, BOZMYIICHHAA 1s-opOUTaNbI aroMa BOAOpoa
¢ HeOonbIIMM ydacTHeM 2s-opOutanu aroMa (ropa:
—ce +(o—-)—[-—o] — @Y
Fap, “His F2s ne(HF)
I'maBHOE BO3MymieHHe opburanu F2p, obycrnosneno tymsko pacno-

JI0KEHHO 110 3Hepruu opbutansio Hls, nosroMy 1> MOXKHO N300pasuTh
B ciaeaymouiel gopme:

—C® + (0—) — o——o(?'/f
Ng\HF

OueByOHO, YTO %) MOXHO OTOXIECTBHUTH C TPEThEH HENOAeNCHHOH
napoi ¢gTopa, HO 3Ta Mapa B ONpeACIIEHHOI CTEIEHH CBI3BIBACT ATOMEI
H u F (cp. puc. 1.17, p1. 1) u nosromy opOUTaNb 1, UMEET HHIEKC O
(n;). Taxum oOpazom, monekyna HF mMeer ase n,-opOUTaIH M OIHY
ny-opburans. OpOUTaNH 1, YUCTO HECBA3BIBAIOIHE, HO OpOHTANb 1,
HEMHOT'O YJacTByeT B CBA3BIBAHMH, TaK KaK B 0oOIacTH MEXAY SApaAMH
H u F BonHOBEIE PyHKIMH TepeKpHIBAlOTCS B ¢aze. [losToMy sHeprus
N, HEMHOTO HUXE 3HEPrHH #, (cp. puc. 1.17).

B obmem, ans mro6oit asyxaromuoit Monekynsl Tama HX (HCI,
HLi, HO, HC, HN, HB u T a.), B KOTOpOii X — 3JIEMEHT BTOPOIO
u Oosiee HU3KUX [EPHONOB, XapakTep COQTBETCTBYIONIMX opbuTaneil
ocTaeTcs OOHMM H TeM e He3aBucuMmo oT X. Hanpumep, Merun
CH («rmonoBHHKA aneTUIEHA»), KOTOPHIH MOXET CHYXKUTh JHTaHIAOM
B HEKOTOPBIX KOMIDIEKCaX IEepexOjHbIX MeTamioB (cM. mi 27), Tak
ke, kak HF, uMeer mapy BHIpOXAEHHBIX OpOHTalled THIA h, W TPH
JIETOKAIM30BaHHbIE 0-OpOHUTANH CIENYIOIEro Bnna

—Ce® — (0—)+[—0] — .—oo (6*)
O— — (~0)+[—ce] — O—-@ (1
—0 + (0—) +[—c®] — O-O» (3

Bnarogaps cMmemwuBanuio opburaneit C2s u C2p, dparMeHTH MONEKY-
JSAPHBIX OpOUTANEH y aToMa yriiepona [IoNyJaloTcs aCHMMETPHYHBIMH,
no ¢opMe HanomuHawoumMu sp-rubpun (oo, 1, pasn. 1.8). Opburans
1y PACIONIOKEHa B OCHOBHOM Ha aTOME yriepoia u OOjibiuas ee Ao
HalpapjeHa B TPOTHBOIIONOKHYIO CTOPOHY OT aroMa yIiepozaa. JTo
XOPOIIIO COOTBETCTBYET HECBSA3BIBAIOIIEMY XapakTepy OpOHTaIH N, .

MpI paccMOTpens KaHOHHUYECKUE JEIOKAIM30BaHHbIe OPOUTAIH MO-
aexyn HX, a temeps oOpatumcs K ajbTepHATHBHONW KapTHHE IHOpUIH-
30BaHHBIX opburanei, T.e. opOuTageil OTACIBHBIX cBiA3eil. B xauecTBe
npumepa Bo3sMeM Monexyay CH (puc. 2.17).

158



*

S
x

His O

D@ Csp3

SCH

Puc. 2.17. Juarpamma B3aumonencrsus opburaineii s CH B npubmxeHun opburanei
OTAENbHHIX CBA3EH

Opburamu ceasu CH monydarorcs nyTeM KoMOWHAnmuu sp’-
rubpuaHeix opOuraneil aroma yrmepoga ¢ s-OpOMTaibBIO aroMa BO-
nopoma. OnHa U3 ueThipex sp -THOpHAHBEIX AQ B3aHMOAEHCTBYET C
Hls, obpasys opbutanu ocy M Oy, 8 TPH OCTAaBIIMECS THOpPHUAHBIC
OpOHUTATH CTAHOBATCSA HECBS3BIBAIOLIMMM OPOHTANSIMM M pacrojara-
10TcA Ha yriepope. OTMeTHM, 4to opbutanu ces3d CH mo xapakrepy
COOTBETCTBYIOT MOJEKYISIPHBIM opOuTaisM 1, U s. Opburanu cBsseit
H MOJIeKyasapHbie opburanu Monexyn HX koppenupyior mexay coboi
clenyromuM odpa3oM:

] *
| ittt —ux(¥;)
fsp3 sesIIITTTTTTTT = xl¥s.¥,)
———— e 1]
(%)
6‘M)(“_.-— —————————————— _— Hx({q }
opburan caasu MONeKyAspHbIe OpOuTanu

ITo CpaBHEHMIO C HECBA3BIBAIOIIMMU OPOUTANAMU sp° MOJIEKYIApHAS
opburans n, umeer Oolee HHM3KYHO DHEPrHIO (TaK KaK 3JEKTPOHBI,
3aHHMAIOIMEe €€, yJacTBYIOT B cBsa3piBaHMM H ¢ X), HO 3aro opOu-
TalM p, M p, NONY4alOT GOJIee BBICOKYIO SHEPTHIO, YeM sp>-THOPHIILL
Monexynsapro-opbuTanbHbIE H CBI3b-OpOUTATLHBIE MOJENTH MOJEKYI
SHEPreTHYEeCKH 3KBHBAJEHTHHL [[i1sa Monexyns! HF Taroke BO3MOXHEL
JiBA DKBHBAJICHTHBIX OMHCAHUSA: uepe3 opburanu cBa3d H—F u Hecss-
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3BIBAIOLIHC Sp3-FH6pHHHbIC «CHCHOACJICHHBIC ITAPBI» U YEPE3 JCIIOKAITH~
30BAHHBIC MOJICKYJIIPDHBIC Op6HTaIIPII

>
opbuTanu ceau u
HenogeneHtbix nap MoNeKyASipHble opbuTanu

2.5.1.6. I'PYIIIIOBBIE OPEUTAJIU

Ilpu mocTpoeHUM MOJEKYAApHbIX (T.€. MNEIOKaJIH30BaHHBIX) O-
opOuTaneif MHOroaTOMHBIX MOJIEKY/ HCTIONIB3YIOTCS OpOHTaNH (parMeH-
TOB Monekys. Hanpumep, u3 opburaneit nsyx ¢pparmentoB CH; MoxHO
MoCTpouTh opbutanu 3tana CH;CH;, u3 opburaneit ¢pparmentos CHj
u OH — opburanu meranona (CH;OH) u 1. n. Opburanu ¢parmenTos
CTPOSTCA Ha OCHOBE TEOPHM TPYIII U3 TaK HA3bIBAEMBIX 2PYRHOGLIX
opbumanei ancaMmOned He CBA3AHHBIX MEXAY COOOH aTOMOB.

IlpenacraBuM cebe THITOTETHYECKYIO TETPAIPUUECKYIO MOJIEKYILY
H4. MBICIEHHO MOXHO NPEANONOKHTB, YTO TakKas MOJEKyda Moria
651 0Opa3oBaThCs NPU CONMKEHHH (HANpUMEpP, IPH OYECHBH BBHICOKOM
JIaBJICHHH) OBYX Moiekyn H,, OpUeHTHPOBAHHEBIX BO B3aHMHO MEpPIICH-
IMKYJIAPHBIX [UIOCKOCTAX 0 ¥ 0 CIEAYIONIUM 00pa3zom:

H g
+ ———
H

B terpasnpudeckoft Mosnekyne Hy xaxawl# aToM BOAOpOZa CBSI3aH
PaBHOLCHHBLIMH CBA3AIMM C TPEMA JPYrHMH TaKHMH XC aTOMaMmHy,
[IOTOMY MOXHO CYHTATh, YTO «CBSI3H», 00pa30BaHHbIE 1s-0pOHTaIAMH,
HaNpaBJIEHB] K LEHTPY TeTpadipa, T. €.

5. 0% S 0%
IKBUBANCHTHO
s, 5,

S, ’

Kakosst OyZyT MOJIEKYAApHBIE OPOHUTANN THIIOTETHIECKOH MOJEKY)IB]
H,? B nan"oM ciydae moCTpPOUTs OpOMTANHM OTHOCHTENBHO NPOCTO,
TaKk Kak IpH OOpa3oBaHHH XHMHYECKHX CBS3€H HCIIONB3YETCs JIHIIb
1s-AO aromoB Bopmopona, UMerIHe cPepHIecKy0 cHMMETpHI0. KoM-
OMHHDPYs Ha OCHOBaHHH npaBull Meroaa BMO (paza. 2.3.4 u 2.3.5) nse
ces3piBatoe o-MO aByx monexyn Hj, KOTopble HMEIOT ONHHAKOBYIO
cuMMeTpHIO (00e CHMMETPHUYHB! KaK OTHOCHTEIBHO TOPH3OHTANBHOMN
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MIIOCKOCTH O, TaK M OTHOCHTEIBHO BEPTHKAIBHOH IUIOCKOCTH 0),
roaydaeM i1 MOJIeKyJisl Hy opOutanu ) U ;!

S? H; Hz 55
¢ I + / iﬁr - $=6+6’
J H, H s; 7
Sz H' H s’
P17 ¥) — & ot
5 H, H 5; 2

Opburtanb ¢, umeer Ooiee HH3KYHO 3HEPIHIo, 4eM opOHTans ¢, I0-
CKOJBKY B (0] BCE€ B3aHMOJEHCTBHS MEXIY YEeTBIPbMS S-OpOHTAIAMHU
SIBIISIIOTCSA CBA3BIBAIOIIMMY U 3Ta OpOMTANIE HE HMEET y3JIOB, a B (7 JiBa
B3aUMOJCHCTBHS CBI3HIBAIONIME U JBa B3aHMOJAEHCTBUS AHTHUCBSI3bIBA-
IOIIME ¥ 3Ta OPOHTAIE MMEET Y37OBYIO IUIOCKOCTD, IIPOXOMIIYIO Hepe3
LEHTP TeTpa’apa.

B omiuuHe OT CBA3LIBAIOUINX O-OpOHTANCH, AHTHCBA3BLIBAIOIIHE
o*-opOuTann IByX MOIEKYJI BOAOPOJA HE MOIYT B3aHMHO BO3MYIIATh
IOpyT Ipyra, TaKk Kak OHH MUMEIOT pa3Hyio cumMmerputo. Opburans o*
CHMMETpPHYHA OTHOCHUTEIBHO ONEPALHU OTPAXKECHUSA B TOPH30HTAILHOMN
3epKAJIbHOHU IIIOCKOCTH ¢, HO aHTHUCHUMMETPHYHA OTHOCUTEIEHO BEPTH-
KaIbHOH IUIOCKOCTH o’. OpOuTans ¢*, HaoGOpOT, aHTHCHMMETPHYHA
OTHOCHTENIBHO 0, HO CHMMETPHYHA OTHOCHTEJBHO ¢, I03TOMY SHEPIUs
MEPEeKPBIBAHMA 3THX OpOHTANIEH paBHA HYIIIO, YTO O3HAYAET OTCYTCTBUE
9HEPreTHYEeCKOTO BO3MYIeHHus. TakuM oGpasom, Monekyna Hy nomkua
HMETH €Il JBe OPOUTAIH — (03 H (4 — CIEAYIOMEH CHMMETPHH:

G

Opburans ;3 HMEST BEPTHKAIBHYIO Y3JIOBYIO IUIOCKOCTH o', HpO-
XOIAIIyI0 depe3 LEeHTp Terpasapa u aromel H} m H), a opburans
(4 — TOPH3OHTAIBHYIO Y3M0BYIO IUIOCKOCTH, IPOXOASUIYIO Yepe3 LEHTP
teTpasapa U aroMst H; u Hj. [TonHas xapTHHa Bo3MylieHUH MOKa3aHa
Ha puc. 2.18.

Opbutani @7, ©3 U P4 SBISIOTCS TPUXKIb! BEIDOKACHHBIMH (HMEIOT
OJITMHAKOBYIO JHEPrHIO), IOCKOJBKY BCE OHH HUMEIOT ONHO H TO XK€
KOJIMYECTBO y37I0B (110 0OZHOMY). UTOOBI NOSCHHUTE 3TOT, MOXET OBITH, HE
Cpasy OYEeBMIHBIN BBHIBOJ, CKOMOMHUPYEM OpOuTan o* U o* B dase u
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Puc. 2.18. Jluarpamma opburaneii juist Terpasnpuueckoid Monekyins Ha

rpotusohase. Torna noxyuuM ase opOUTAIH, TOTHOCTHIO, HIACHTHYHBIE
KaK ApYT IPYyTY, TaK H OpOuUTamd ;:

XX <5

W3 nuarpaMMel, IPUBEJEHHOH Ha puc. 2.18, cmeayer, 4To B runore-
TUYECKOH 4ETBIPEXIEKTPOHHON MoiieKyne Hy nBa a/ieKTpOHa JOIDKHBI
HaxOAUTHCS Ha YPOBHE (1, @ IBa APYTUX — HA BBHIPOXICHHBIX YPOBHSAX
©2, Y3 U 4. Takas MoJNeKyna N0 NpaBlily XyHAa AOMKHA IPEACTaB-
aaThH co0oi OupaauKani, T.€. ABIATHCA OYEHb PEAKIHOHHOCIIOCOOHOM
4aCTHIEH.

Teneps MeicneHHO OyneM yBEeJIHYUBATHL PACCTOSHUS MEXAY BCCMU
aTOMaMHU BOIOpPONa B THIOTETHYECKOH Mmonekyile Hy, T.e. yuIMHSTH
pebpa Tterpasmpa. [lepekpeiBanue Mexny ls-opOuTansMH IIpH TakoH
onepauuu OygeT yMEHBIIATLCA M, HAKOHEl, IPH HEKOTOPOM MEXb-
SIEPHOM DPACCTOSIHHH WM BooOIe MoxHO OyneT npenebpeus. Torma
MONY4YUTCS aHCaMONb K3 dYeThpeX aTOMOB BOJOPONA, PACHONOXKEH-
HEIX B BEpUIMHAX OONBLIOr0 TeTpa3apa. B stom aHcambie aTomsl
BOJIOpOZia IIOYTH HE CBI3aHBl MEXIY coboi, mo3ToMy YpOBEHb i,
CYILECTBYIONUI B Mojekyne Hy, NOMKeH NOBBICHTHECS, a YPOBHM s,
@3 WU (o4 NOIDKHBI TIOHH3WUTECA. B pesynbrate ancambus Hy Oyner
HMETb YETHIPE BBIPOXKIAEHHBIX YPOBHS, SHEPTHA KOTOPHIX COOTBETCTBYET
ls-opburtanu omuHOUHOTO aroma Boxmopona. Ecmm B amcambre Hy
COXPAaHHUTh CHMMETPUIO MOIEKYISIpHBIX opbuTamei monexynsl Hg, TO
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[IOJy4dM YETHIPE BBIPOXIECHHEIE «opOHTamm» aHcamOns c sHeprueit
1 s-ypoBHS, OTIIHUAIOMIHECT MeXY cOo00it TOIBKO CUMMETPHEH!:

_ rpynnoasie opBuTan
o, ®. - j—— 1s TeTpa3fpryecoro ancambas
W3 4eTbipex aTomMoB BOAOPOAR

O.

OpOuranu aHcaMmOiIsl TTOYTH HE CBA3AHHBIX MEXOy co0Oi aroMoB,
HMEIONINX ONpeAEIeHHOEe PACIIONIOKEHHE B IPOCTPAHCTBE, Ha3bIBAIOTCA
epynnoguimu opbumansmu. TEPMHH «TpyIIoBas opbUTaIL» CBA3aH C TO-
YeuHOH rpynnoi CHMMETPHH AaHHOro aHcamOa. Eciau paccMarpuBaer-
cs TeTpadipHUECKoe PacCHOIOKEHHE aTOMOB BOIOPO/ia B IPOCTPAHCTBE,
TO IEMEHTH CHMMETPHH IPYIIIOBEIX OPOHTANEH SABIAIOTCSA JEMEHTAMHU
CHMMETPHH TETPadypa.

2.5.1.s. MOJIEKVJISIPHBIE OPBUTAJIM METAHA

Eciu B ueHTp TeTpasnpUYeckoro aHcaMOiIsi M3 4eThIpeX aToMOB
BOZIOpOJa IIOMECTHTH aTOM yIiIepofa, To o0pa3yercs MOIeKyna MeTaHa.
Ha puc. 2.19 npuseaena auarpaMma B3aHMOICHCTBUS aTOMHBIX OpOH-
Tajled yrmepona ¢ rpynnoBsiMu opOutamsmu ancam6bias Hy. Ilpu mo-
CTPOEHHH 3TOH AMarpaMMBbl HCIIOIB3YETCs [IPAaBUIIO, COITIACHO K@TOPOMY
B3aHMOJCHCTBOBATL MOTYT TOABKO OpOUTANM OMUHAKOBOM CHMMETPHH.

H
H, Hl/z,,c/ c
H H? W

Puc. 2.19. luarpaMma opOUTAIBHOTO B3aMMONEHCTBHA UL MOJIEKY/Ibl METaHa
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Hanpumep, opburtans 2s atoMa yrnepona (6e3 y3roB) MokeT KoMOHHU-
pOBaThCA JHINB C TPYIHIOBOH opOuTaibio ) (TOXKE Oe3 Y3II0B), TaK Kak
ee KoMOHHaIMs ¢ M060H APYroi U3 rpynIoBeIX opOUTaneil IPHBOAHT K
CUTYailMH, KOTIa HHTErPal [epeKphIBaHHs paBeH HYIIIO, IOCKOIBKY BCe
Ipyrue opouranu Hy UMEIOT y3/I0BbI€ TUTIOCKOCTH, U BCIEICTBHE 3TOTO
CBAI3BIBAHHE 110 OJIHY CTOPOHY Y3J1a KOMIIEHCHPYETCS aHTHCBA3BIBAaHHEM

0 APYTYI0 CTOPOHY Y3712, HallpHMEp:
y3en

|

|
Lo ol

|

C843biBaHue | aHTUCBA3bIBAHUE

Ha puc. 2.19 cnipaBa npuBeaeHsI rpaduuecKkie H300pakeHHs BOCbMH
opOuTaneir MeTaHa, IONy4eHHBIE ITyTEM TAKOIo MOAO60pa MO0 CHMMETPHHI
fap B3aHMOJEHCTBYIONMX opOutaneil. B COOTBETCTBHM € Y3IOBBIMH
CBOWcTBaMH OpOHTaneil MeTaH NO/KEH MMETh OAHY CHIBHO CBSA3BI-
BAIOLIYI0 OpOHTans o-tuna (i), TPU BEIPOXKAECHHBIS, MEHEE CHIBHO
CBA3BIBAIOILKE OpOHTANIN T-CHMMETPHH (17, U3 U ty), a Taoke cinabo
Pa3pRIXIIOYI0 IMYCTYIO o*-opbutans (i’s) U TPH BHIPOXKCHHBIE,
CHIIBHO _ pa3phIXJIMIOHe NycThie w*-opburtamu (v, %7 U Ps). OTa
KapTHHA COITIACcYeTCsd ¢ KOHTYPHBIMH U300paXKeHHAMHU, IPHBEICHHBIMU
Ha puc. 1.15 (. 1).

Puc. 2.19 naet npencraBieHue O CHMMETPHH H Y3IOBBIX CBOHCTBAX
Monexkynapislx (IETOKATH30BAHHbIX IO BCel MOneKye) opOuTanei mMe-
Tana. ECITH ke HCXOAUTE U3 NIpeJcTaBlIeHuit 00 opbumanax omoensHbix
cészeli, TO HyXHO B3ATh sp°-TUOPUAHbIE OpOMTAmM aTroMma ynIepoja
(pasn. 1.8, ri. 1) u ckomGuuHpoBarts X B (aze W HpOTHBOda3e ¢
1s-opOuTansmu aroMOB Boopoja. Torma rmojyduM YeThIpe BEIPOXKICH-
HBIC CBA3bIBarOnIHe opburtanu yetsipex ceszed C—H (ocH) B deTsIpe
BBIPOX/IEHHBIE AHTHCBSA3BIBAIOIIUE OpOHTaNH (0 ):

"\
/

||| ’

H1s O

A

nq\.
x
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B 10KaaM30BAHHOM sp°-MOJENH OpOMTAIM METaHAa BBINISIAT CIETyIO-
UM 00pasoMm.
YeTBIpe CBA3BIBAIOMIME OpOUTAIHN PABHOHW 3HEPIHU:

Ao L A

Yerhipe aHTHCBS3BIBAIOIIHE OPOHTATIN PAaBHON SHEPTHH:

PN

U3 5T0# MOmeNH clefyeT, YTO METaH INOJDKEH MMETh OOHH MTOTEHITHAI
HOHH3AIHM, XOTA HAa caMoOM Jene ux nBa (cM. 1. 1, pasn. 1.9).
[Tocneanee xopouio coracyercs ¢ JAeJIOKATH30BAHHON KaHOHHYECKOH
Mozenbio (cM. puc. 2.19). YtoOsl rubpuIH30BaHHYIO MOJENE IIPUBECTH
B COOTBETCTBHE C 3THMH JaHHBIMH, ITOCTYNAIOT CICAYIONIMM oOpa-
30M: YeThIpe sp°-THOpUIHBIE OPOHMTANH aTOMa YIVIEpOAa CHMMETPH3Y-
IOT B COOTBETCTBHM C TPeOOBAHHUSIMU TOYEUHOH TIPYIHIBI CUMMETPUH
terpasyipa Ty. B pe3ynbrare NONY4arOT YEeTHIPE CHMMETPH3OBaHHEIC
opbuTanH LEHTPANbLHOINO aTOMa YIJIEpPOAa, KOTOpble KOMOHHHPYIOT C
YeTBIpbMS I'PYNIIOBEIMH OpPOMTAIAMH TeTpa’npH4eckoro ancaMbis Hy
(puc. 2.20).

Kak orMewanoch BhIle, INIOCKHH MeTaH HecTaOWIEH IIOTOMY, 4TO
rpymmnoBas opOHTalh w4 HE YYacCTBYET B CBA3BIBaHWH. Ecnm OBl 3Ta
opOUTaND CHIBHO BO3MYIIAach, TO €€ HHXKHHAH BO3MYIIEHHBIH YPOBEHE
Mor Obl yiTH HIXKE YPOBHS OPOUTATIH P, H TOTJA B CBA3BIBAHUH YETHIPEX
aTOMOB YITIepoAa y4YacTBOBaJIO OBl yxe He 6, a 8 3IeKTpoHOB. JTO
BO3MOXHO B aHanorax meraHa AH4, B KOTOpBIX UEHTpalbHBIA aTOM
A HMeeT TOCTYIHBIE (T. €. OTHOCHTEJIBLHO HH3KO Jexarue) d-opOuTaiH,
TaK KaK CHMMeTpHS d-opOuTaineil (IBa yINIOBHIX y371a) KaK pa3 HOOXOIUT
K CHMMETPHH OpPOHTANH (4!

)
(?;—-O + ?{5 — <:96—.o
A 2.y

c8aspiBarue

JeficTBUTENEHO, HEIMITHPHIECKHH pacyeT MOKA3BIBAET, YTO B PALY
CHy, SiH4, GeHq4, SnHy, TiH4 3Heprus miockux ¢GopM MOJEKY IToCTe-
[TEHHO ¥ 3HAYUTEIHHO [TOHIXKAETCS, TOCKOIbKY d-OpOHTaIH CTaHOBATCA
Bce Oonee u OGonee moCTyIHHBIMH (IO SHEPruH) Juis 3¢ GEKTHBHOTO
B3aBMOEHCTBHUS C 4. B monexyne TiHy nmycreie d-opburanu TuTaHa
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Puc. 2.20. denokanusosandbie rubpuitble opOHTAIM MONEKYIbl METaHA

o4YeHb 3(G(EKTHBHO CBA3BIBAIOT aTOMKI BOIOPO/Ia ¥ paCCUMTaHHBIE SHEP-
THU TUIOCKOH KBaJIpaTHON M TeTpajipHueckoil GopM Mallo OTIHYAIOTCH
Mexay coboi.

BropeM BaxkHBIM (HaKTOPOM SBISIETCS YBEIHYEHHE Pa3MeEpOB LEH-
TpanbHOro aroma. Uem Oosibiiie aTOMHBIA pajidyc, TEM JalIblle OTCTOSAT
JIPYT OT JIpyra aTOMbI BOIOPOAa, T. €. TeM Doibile pa3sMepsl IPYIIOBOH
opburtanu Hy. 310 NOHMXKaeT SHEPTHIO OPOUTAIH (o4, TAaK KakK B Hell Bce
B3aMMONEHCTBHSA MEXIY COCETHHMH aTOMaMH BOJOPOAa aHTHCBS3BIBA-
omue. DddexT 3aMeTeH B cllydae INIOCKoro cunana SiHy, B xoTopoM
ImycThle d-opOHTaiM KpeMHHs ele JeXaT JIOCTaTOYHO BBICOKO H B
CBA3BIBAHHH IPAKTUYECKH HE YIACTBYIOT.

Opburans ¥, (puc. 2.20) uMeer Oojiee HU3KYI 3JHEPTHIO, YeM
BBLIPOJKIIEHHBIE OPOMTAIM 1), 3 U 104, HOCKOIbKY Y HEe HET y3JOB,
U CIe[IOBAaTeIbHO, C Hee TPYAHEe YAaIUTh IEKTPOH.

2.5.2. OPBHUTAJIH ®PATMEHTOB MOJIEKY.I
M HX UCITIOJIBb30BAHHE

U1 mocTpoeHus MoeKyIspHeIX opOuTaeit aTaHa, STH/ICHA, alleTH-
JIeHa ¥ OpyTux 6ojlee KPYIHBIX MOJIEKY IPOLIE BCETO BOCIOIL30BaThCA
METOIIOM «HeOONBIINX CTPOUTENBHEIX OnokoB». B camoMm pene, stan
ABIAETCA COeAMHEeHUeM JByxX ¢parmenros CHj, 3THeH cOCTOMT H3
nByx ¢parmentoB CH,, a anerunen — u3 nsyx ¢pparmentos CH. IMu-
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Puc. 2.21. JinarpaMma OpOMTaBLHOrO B3aMMOACHCTBHMA ML NMUpaMUAaNbHOTO (par-
meHTa CHj

paMuanbHeId aHcaMOme Hi momyuaercs myTeM ymaleHHS OJHOTO W3
aTOMOB BOJIOPOXA U3 BEPIIKMHEI TeTpasipuieckoro agcam6ois Hy:

H-7 - H/\

Terpas,npuqecxuu nupamu anbHLII
aKcamins H, ancaM b Hy

I'pynmoBeie opOutasi Hj, yuuTHIBaromue 3IeMeHThl CHMMETPHH Tpe-
yronsHOM mupamMust (Cs,), HMEIOT TakoH BHJI:

AT o

(HeT y3nos) {onun y3en) {opuH yaen)

W3 stux rpynuoBbix opOutaneif, a takxke u3 2s- U 2p-opOurtaneit
aToMa yIIepoAa, IIOMEIIEHHOTO B HE3aHATYIO BEPIIHHY TPEYrOjbHOMH
nupaMigsl Hi, MOXHO MOCTPOHTH MOJIEKYISpPHBIE OPOHTANM MHPaMU-
nansHOTOo (parmenta CHj (puc. 2.21). Ilpu mocTpoeHuu rpaduuecKux
n300paXkeHHt MONEKYISIpHBIX OpOHTaneft ocoboe BHUMAHHE Clemyer
yaenuTh ¢popMe opbuTanet ¥y, ¥4 1 Ys.
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B paccMarpHBaeMoOM ciiyyae TpyInnoBas opOUTalb 1)y HCHBITHIBAET
BO3MYILIEHUE HE TOJIBKO €O cTOpoHbl C2s-0pOHTaMH, HO U CO CTOPOHBI
P.-opbuTaNIM aroMa ymiepoma. JTO CBA3aHO C TeM, 4TO BCA IIIOT-
HOCTb opburtanu 3; npuH oOpa3oBaHHH NMpaMUIalbHOrO (hparMeHTa
CHj; HaxoguTcs IO OfIHY CTOPOHY Y3I0BOH ITOCKOCTH p,-0pOHTamy,
B3aMMOJIEHCTBHE TIPOMCXOAUT JIMIUL C ONHOW JoneH 3To# opbuTanmu u
CyMMapHO€ TepEKPhIBAaHUE MEXAY ] H p, HE paBHO HymO. B oTinndne
OT 3TOro npu oOpa3oBaHUM MOJIEKyYsl MeTaHa u3 Hy u C anHanoruysoe
B3aMMOZAEHCTBHE MEXKNY | U p, OyAET HYJIEBBIM:

nepexpoifanue He pabro cymmaproe nepexpoifanue
HYMo paline  Hymo

[Ipu BO3MYyIIEHHH BTOpPOro IMopsika ypoBHeH ¢; u s (puc. 2.21)
3Heprus opburany ; nopbimaerca. C Apyroil CTOPOHBI, IIPH B3aUMO-
IeficTBUY 1 —p, DHEPrHsa opbHTaNM ) NoHWxkaercs. ClnenoBaTensHo,
HoBas opbuTans ¥4, KOTOpas BO3HUKAET IIYTEM B3aHMHOIO BO3MYILIEHHA
opbutaned @i, s U p,, OyIeT HMeTs CPEIHIOI, HE OYEHb BBICOKYIO,
HO M HE OYeHb HH3KYIO0 JHEprhio. DTy opOHTans MOXHO CUYHTAaTh
HECBA3BIBAIOIMIMM ypoBHeM ¢parmMenTa CHj; (Ha camoMm gene oHa
c1ab0 cB3BIBAIONIAs, TAK KAK IEPeKPhIBAeTCs ¢ 15-0pOMTANIMH aTOMOB
Bomopoza B ¢ase). Ee ¢opma obycnonena kombunanueil opburaneit
¥1, § ¥ p; ¥ ONPEREISIETCS Ha OCHOBE CJIEAYIONMIEH CXEMBI:

7 (AIA—

%

Ve cama dopMa OpOUTAIH CBUAETENLCTBYET O €€ HECBA3BIBAIOLIEM
xapakrepe. /lefictBurensHo, ces3piBanue Mexny C m H Hipke ropu-
30HTAIbHOM Y3JI0BOU IUIOCKOCTH OCYIIECTBISETCS MEHBIIeH W3 JIBYX
JoneH rubpunHO opbuTany ymiepoma, a OCHOBHAs 4acTb opOuTanmu
pacrojo)keHa 3a npenenamu ceszeit C—H.

Husmas cea3eBaronias opbutrans ¢parMenta CH; obpasyercsa u3
s-OpOHTaNM aTOMaMH yIIEposia, KOTOpas BO3MYIIAeTcsl TPYIIIOBOH Op-
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OUTaNkIo | U B MeHbIlIe#H cTeneHH (M3-3a OoIbIIeH pa3HULIBI B SHEPTHH)
opbuTansio p;:

/o\+<co/y\o>+/g\ —

c2s czp, ¢

BceneacTsue 3TOro opburans iy HMeeT XapakTep opbutaneit s, ¢
U p.. Ecioy, kKax MBI AeNTajgy paHblle, NpeHeOpeusb BIUSHUEM Majoro
BO3MYILEHHS CO CTOPOHBI p,-OpOHUTANIH, TO Y OpOUTaNIH 1)} OCTaHEeTCA
JUIIEL XapaKTep s- U ) -opOuTanei:

70 TN TS

OpOutais s obpasyercs cIeRyronnM obpa3oM:

70~ = ()| AN —
sz ¥,

C C2s h
IIpenebperas qIeHOM B KBaJApaTHBIX CKOOKaX, HOXy4uM OoJee IpocTyro
KapTHUHY:

A () — o
czp f, "

B panpHeHmeM Mbl 4acTo OyReM HCHONB30BAaTh CaMEIE IPOCTHIE
3CKM3Bl OpOHTaNel THHA Y | )5, MpeHeOperas c1abbIM BO3MYIIICHHEM
€O CTOPOHHBI opOUTalel, B3AThIX B KBaJpaTHbIE CKOOKH.

Hpu obpazoBanuu opOHTaNM s B3aUMONCHCTBHE ¢ TPYIIIOBOH
opburansio H3 mpoucxonut B npotuBodase. Iloatomy opbutans s
MOXHO paccMaTpuUBaTh KakK THIOUYHYIO aHTHCBS3BIBAOUIYIO OpOHTAIb
C BBICOKOH 3HEpruei.

BripoxxaeHHbIe Tapsl CBA3BIBAKINNX (¥ H 173) U PasphIXIIAIONIMX
(b6 u 17) opbutaneit o0pa3yroTCs MyTEM IMapHBIX B3aUMOIEHCTBHIH
Mexay opburtamsmu H; u C, uMerommMu NORXOANYIO APYT APYTY
cumMmeTpuio. CBS3BIBAIOMAs H HECBA3BIBAIOIIAA KOMOHWHAIUMH Py U (7
Ja0T COOTBETCTBEHHO 12 U s, a IPH KOMOMHALIMH P, K 3 0bpasyoTcs

3 |17,
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2.5.2.a. MOJIEKYJISIPHBIE OPBUTAJIK 3TAHA

Monekynspueie opbutanu stana CoHg MOXHO 7€rko mocTpoHuTts U3
MO gaByx ¢parmentoB CHj. g 3TOro COCTaBIAIOTCS CBA3HIBAIOIINE
M aHTHUCBS3BIBAIOIIHE KOMOWHAIIMHM ORMHAKOBBIX opburanedl obonx
¢dparmentoB. Ha puc. 2.22 noxa3zaHa Takas npoienypa UIS 4eThIpex
HUKHUX opbuTancit ¢pparMenta CHs, U3 KOTOPBIX MONAYYAIOTCA BOCEMB
HUXKHUX opOuraneit staHa (Bcero y srana 14 MOIEKYISpHBIX OpOuH-
taneif). [lockonbky sraH uMeer 14 BaJeHTHBIX 3IEKTPOHOB, CEMb M3
MOCTPOEHHEIX OpOuTanei OynyT 3aHATH, a BOChMast opOuTans (xg) Oymer
nycroif, 1. e. Oyner npencrapnats codoit HCMO. U3 pucyHka BHAHO,
1o HCMO 3Tana 06pa3yeTcs myTeM aHTHCBS3BIBAIOMICH KOMOHMHAIIUU
opburane#t 14 ¢parmentoB CH3; 1 muMeeT XapakTep pa3pbIXISIOIEH
opburanu o-ceisu C—C (o5c). BSMO Monekynsl 3TaHa MpeACTaB-
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Puc. 2.22. Ob6pazoBanue MO 3aTOpMOXKECHHOI KOHQOpPMAIIMK 3TaHA M3 JABYX NUPaMH-
Jaansubrx (pparmenton CHj
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JIeHBI [ByMs BBIPOXICHHBIMH OpOHTAamsIMH X U X7, KOTOpHIE 0bOpa-
3YIOTCS NyTEM aHTHCBA3BIBAIOMUX KoMOMHANMH (1, —) H (Y3—1»).
ITapa Bripokzennsix B3MO sraHa uMeeT XapakTep pa3pbIXJISIONIHX
opburaneiit C—C-cpsizeil m-cuMMeTpud. OTMETHM, YTO pacllielIEeHHE
HECBS3BIBAIONMIHX opbuTanei i 0oabme, yeM pacuierieHne opOuTanei
12 U 3. D10 00yCiIOBIIeHO OOIBIINM MepeKphIBAHHEM OpOHTasEH 4,
KOTOpHIE THOpPHIM30BaHBI HaBcTpedy Ipyr npyry. Ilosromy Beicmmas
3anaras MO ofpa3oBaHa He OpOHTAaNBIO X5, a OpPOMTANAMH X¢ H
x7. HixHHE cBa3pIBafonMe OpOHTANH X1 H X2 HMEIOT HAauOOIBIIYIO
IUIOTHOCTH, B paiioHe cBsazedt C—H. Css3piBaHUE MEXAY aTroMaMu
yIJIepona OCyIIECTRISIETCS IFIABHEIM 00pa3oM OpOUTAIAMH X3, X4 H X5,
KOTOpBIE JIeXKaT BBILIE, YeM X | U X2. OTCIONa CIeyeT BBIBOJL, YTO B 3TaHE
cBs3u C—H npounee cpsazeit C—C. DTo NOATBEPKAAETCS TEPMOXUMH-
YeCKHMH JaHHBIMH. [[eHCTBHTENBEHO, B 3TaHE SHEPTHS pa3phiBa CBI3HU
C—H (98 kxan/mons) Ha 16 xkan/mMons Oonbiue sHepruu csssu C—C
(82 xxan/moin).

2.5.2.6. MOJIEKYJISIPHBIE OPBUTAJIM OTUWIEHA

OpbuTanu MOJIEKYIIBI 3THIIEHA MOXKHO MTOCTPOUTH U3 ABYX (parMen-
toB CH,, nMeromux aHrymapHyro dopmy. Opouranu 3tux ¢parMeHTOB
B CBOIO OY€pellh CTPOATCA W3 OpOMTaNeH aTtoMa yriepoaa U IPYIHIOBhIX
opburaneit ancam6bns H,, nonydeHHoro ryreM ynaleHHs IBYX aTOMOB
BOJIOpO/a U3 TeTpasupH4Yeckoro ancambisa Hy:

Heo—_

—_—
H -2H /
H H

aHryYAapHbIL
ancamdne H,

J1oT aHCcaMOIBp HMEET BCEro JBe OPOHMTANUM: CHMMETPHUYHYIO (0 H
AHTHCUMMETPHYHYIO (5!

O~ v o ,

JunarpamMMa opOHUTaIBEHOTO B3aUMOJCHCTBUS ULl AHTYJISIPHOTO (parMeH-
ta CH; npuBenena Ha puc. 2.23.
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Puc. 2.23. Jluarpamma opOHTansHOrO B3aWMOICHCTBMA JUIA AHTYIAPHOTO (parmes-
ta CH;

Opburanu i1, ¥z, ¥s u P 00pPa3yrOTCs NyTEM CICAYIOMIMX TapHBIX
B3aUMOJEHCTBHI:

o
3 /fr (/4;
Q ~
o T O®
% 5 %
\\ Q\ ‘s
B o
A % #
S O.\ Q\
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R'Q

Opburans p, aroma ymiepoga He BO3MYIIAETCS, ITOCKOIBKY OHa
OpTOroHalIbHA KaK OpOUTanH ¢, TaK U OpOUTANH 2, CIEAOBATENbHO,
B0 ¢parmenre CH;, Ha arome yriepoja OyneT CylecTBOBaTL HECBS3HI-
Barolas p,-opOUTalb.

Cna6o ceszpiBatomas opburane 13 ¢parmenra CH; obpasyercs
IIyTeM TPOIHOTO B3aMMHOI0 BO3MYILEHHs opOHTanei i, s U p, aHa-
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JOTHYHO 0Opa3oBaHKMIO HECBA3EIBarommMx opburaneit dparmenta CHj
(cM. puc. 2.22) Uy -aJUTHIBHON CHCTEMBI (CM. pHC. 2.6):

S ()27

Bonpuiast mons ruOpuUaHONW aTOMHOE opOWUTANH, IIEHTPHPOBAHHOH Ha
aToMe yriepoa, HalpasjIeHa B CTOPOHY OT aTOMOB BOJOpOAd, YTO H
onpenaenser o0l HECBA3LIBAIONMI XapaKTep OpOHTamH 3.

Tereps MBIl MO3KEM MOCTPOUTE MOJEKYJISIPHBIE OPOHTATH MOJIEKYIIBI
3TWIEeHa, OObeMHUB JBa aHTYIApHBIX ¢parmenra CH,, kak nokasaHo
Ha puc. 2.24 (IpHBedEHEI JIMIIL YeThIpe U3 MIeCTH opOuTaneit pparmen-
Ta CHz).

Ortunen umeer 12 BaJleHTHBIX 3NIEKTPOHOB, no3Tomy B3MO Gyner
SBIIThCA mectas opburtans xg, a HCMO —cenpmas opburans x7.
[Tockonwky, Kak 4 B ciy4ae 3Tada (puc. 2.22), paciienieHHe YpoBHEH
¢parmentoB CH, Haubonbmoiee I8 HECBS3LIBAIOIIMX YPOBHEH 3,
T2K Kak IepeKphIBaHHE ATHX OpOHTalell OYEeHE XOpollnee H3-3a HX
COOTBETCTBYIOIIEH NPOCTPAHCTBEHHOH HAIIPaBIEHHOCTH, TPaHHUHBIMHI
opbuTtanaMu sTHiIeHa OynyT opburain w-cuMMeTpuu. Opburanu xe U
X7 CBA3BIBAIOT TOJBKO aTOMEI yriepona. OpOuTans x4 TakXKe OTHOCHTCS

X, &.of %
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Puc. 2.24. Obpazosanue MO srtunena u3 asrynspHsix ¢parmentos CH,

173



K T-THILY, HO OHa JIS)KUT HIDKE 10 3HEPTUH, TaK KaK CBA3BIBACT HE TOJILKO
J(Ba aTOMa YIIIEPOIA, HO ¥ aTOMBI BOAOPO/Ia ¢ aroMaMH yriepoaa. Cieno-
BaTelIbHO, 3Ta OpOHTAIE He OyeT rPaHUYHOH OpOHTANBIO M XUMHYECKHE
CBOHMCTBa B [IEPBYIO O4epeab OYAYT ONpenesaThes OpOUTAISIMU X¢ U X7-

2.5.2.8. MOJIEKYJIAIPHBIE OPBUTAJIM ALIETUJIEHA

Monexynsipubie opOHTaIH aueTHiIeHa cTposTcs u3 ¢pparmenToB CH,
KOTOpbIe HMEIOT IISITh OpOUTalIeii:

O—&<O  aHTUCBRALIBAOLLASR %
——8 BLPOKAEHHME HecaabiBanoiuue  (C27)
— ¥lezp)
O—c@ cnabocBRsbiBaoLMe yg
o—() (Bf3LIBALLAN ¥

Huarpamma oOpa3oBanus opOuTaineil aneTHieHa H3 MOJIEKYISPHBIX
¢parmentoB CH npuBeneHa Ha puc. 2.25.

Kak u B ciydae sTrineHa, ciabocBAbIBAIONIME ypOBEHS pparMeHTa
CH (v3) pacuiemsiercss O4eHb CHIBHO U3-3a 3(Q(MEKTHBHOIO MEePeKphl-
BAHMS M MO3TOMY AlleTHJICH uMeeT ABe BhipoxiaeHHble B3MO u nse
soipoxkaenHsie HCMO, obpasyromuecss myTeM NEpeKpHIBAHMS [ap py-
U p,-opbutaineli cooTBeTcTBeHHO B (a3e U nporuBodase.

IIpuBeneHHble PUMEPH! HIUTIOCTPHPYIOT CHOCOD IOCTPOEHHS MO-
nexynspHex ¢parmentoB CHi, CH, u CH. Otu dparmeHtsl npu
OOBIYHBIX YCIOBHUAX OYE€Hb HEYCTOHYMBBI, TAK KaK OHH HEHACBIIIEHEI,
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/ \ xs
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Y [ e s 7 K T\———}“
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// X \\ : . x3
, 2
\ 0-C@®O
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Puc. 2.25. O6pazosarne MO auerunena us ¢pparmentos CH
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W JcHCTBUTENbHO CTpeMsTcs OOBeNVHHTHECA B Iapel ¢ 00pa30BaHHEM
YCTOHYMBBIX MOJsieKys. Hampumep, H3BECTHO, YTO O4E€Hb PeaKIHOHHO-
crrocobHas wactuna — cuHrIeTHrt metwinen :CH, (apyroe nHasBaHue
Kkapben)— cniocobHa TUMeEpHU30BaThea ¢ 00pa30BaHHUEM 3THIICHA:

H,C : +CH; — H,C = CH,.

Kazanocer Obl, opOuTanbHBIC B3aMMOACHCTBHS B XON¢ DTOH peakUHu
MOXXHO IPEICTaBUTH CXEMOH, ITpUBEACHHON Ha puc. 2.24. OnHako 310
HE TaK: UCTHHHEBIN NYTh PEaKIUd COBCEM HHOM.

Cunrmernsnii Metunen :CH,; mMmeeT myCcTyro M ABXABI 3aHATYIO
MoJIeKynspHble opOuTanu. [JoCkONbKYy 3IEKTpOHHAS Napa CTPEMHTCS
3aHATH OpOMTanb ¢ Goliee BBHICOKHM S-XapaKTepoM, 3aHAToi Oyaer
opburans 3, a nycroi —opburans 4. Cormmacao puc. 2.24, npu
obsenuHeHHH ABYX Moekyl :CH) npoucXonsaT B3auMOACHCTBHS 13 — 13

H 2Ps—hy:
-~ TN
L o ~ %
\‘ 'l S I’
ettt 3
/ 8 N~ ,’CD& / 8 % ~
% %
OnHaKo 3TO 03HAYAET, YTO MEXAY COOOH B3aUMONIEHCTBYIOT IBE 3aHATHIE
opbHTanmu — 13 U 3, YTO NOKHO NPHUBOAMTHL K OTTAJIIKHMBAHUIO U

MPeIsITCTBOBATE peakiuu. IIpenmodTHTensHBIM SBISETCS MyTh, TPH
kotopoM B3MO (v3) onuoit yactuns! :CH; B3aumoneiicrsyer c HCMO

(%4) mpyroii yacTHIIBL:
H H
H«, % \\ ;
H

B mporuecce numepusariuu rpynnsl CH, MOCTENIEHHO OTKIIOHAIOTCS U3
NEPIICHAMKYISAPHBIX [IJIOCKOCTEH, IepexXoas B OJHY OOIIYIO MIOCKOCTh:

H

"y Z
Mo y H ,/”\H He ~H

—— — -~ - —p /\_____\
H/- H/ H H

Ha4daJIO peaKuHH nepexogHoe COCTOSTHHe KOHeIl DeaKI U

Tem He MeHee AN TUIOTETHYECKOM pEaKiMM JHaHHOHA CH%‘
U JHUKAaTHOHA CH%+ cxema, MpuBeleHHasg Ha puc. 2.24, npuemiema,
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TaK KakK MPOHCXONUT BBITOJHOE B3AUMOJEHUCTBHE 3aHATHIX I'PAHMYHBIX
opOHTaneil ¢ HE3aHATHIMHU:

20

H

i H., M

+ —_ M

H H H
DTOT NpHUMeEp OKA3BIBAET, YTO JHATPAMMBIL, IPUBEACHHEIC Ha pUC. 2.23,
224 n 2.25, BoBce He 00s3aTenbHO JOKHBI OTpa)kaTb peaibHbIC
nyTH peaknuil. Heo6xonuM TOUHBIHM MOACYET 3MEKTPOHOB, 3aCEISIOMMX
rpaHuyYHbie OpPOWUTANH, U €CIH IOMydaeTcs, YTO B3aUMOACHCTBYIOT
JIBE 3aHATHIC U JBE IIyCThIC OpOUTANH, TO peaxius BrIOMpaeT IyTh,

OTIHMYAOLIMHCS OT IPUBEIEHHOIO HAa CXeMax 00pa3oBaHMs MOJIEKYI K3
thparMeHTOB.

2.5.3. ILIOCKHUIA METAH

Cospemennsie 3BM 1 paspaboTaHHbIe aJITOPUTMBbI IO3BOJIAIOT pac-
CUMTHIBATh PHEPTHIO MOJEKYJ, KOTOPHIE PEalbHO HE CYHIECTBYIOT (Ha-
npuMep, TerpanuruiiMerad CLig) WITH CYIIECTBYIOT B IIPUPOJIE COBCEM B
HHOH TreOMeTpHUUECKOi KOHPHUIypaLny, 3eM KoHGHUTypallug, 3a1aBaeMas
MalvHe. JTa OYeHb HHTepeCHas, HHTEHCHBHO pa3BHBalolIasca 0b1acTs
Ha3bIBAETCS KOMNbIOMEPHOU WIH MAWUHHOU Xumuel, U TIOKa PacdeThbi
OrpaHHYUBAIOTCS JIMUIb OTHOCHTEILHO HEOONBIIMMH MOJEKylaMH. B
JAHHOM pa3sfiele MBI PAaCCMOTPHM CIIEAYIOIIHE TEOPETHUYECKU BaXKHBIE
Bonpocsl. [loyeMy npuponHslit MeTaH uMeeT GopMy TeTpasipa, a He
thopMy, ckaxem, IIIOCKOro kBaapara? [(ias kakux NPOH3BOMHBIX METaHA
MOHO TIPECKa3aTh IIOCKYH KBajaparHywo ¢opmy? Kaxme nmonoOHble
MeTany coeaunenus Tuna AHy, rre A — sneMent IV rpynrisl, ciocoOHBI
CYIIIECTBOBATh B INIOCKOH dopme?

MonexynsapHsle OpOHTadd NIIOCKOTO METaHa MOXHO IOCTPOHTB
U3 opburaneil aTroma yriepoga M TIPYNIOBEIX OpOHTajnel IIOCKOTO
kBajgpatHoro ancambnsa Hy. Ilocnemuue NOMKHBI MMETh 3IEMEHTEI
cHUMMETpUH rpynnsl Dy, (xBagpata). Ilockonbky opburtanu aHcaMOus
obpasyrorcs u3 werbipex Hls-opburtaneii, ux olee HHCIO JOIKHO
OBITE PaBHO 4YeThipeM. Kak W ans TeTpasgpUuecKoro aHcaMbig Hy
(cMm. puc. 2.18), MO mmockoro Hy co «CBA3SMEHY, HANPaBICHHBIMHK
K IEHTPY KBajpara, HAYHHAEM CTPOUTH IIYTEM BO3MYIICHHS CBSA3BI-
BAaIOIIMX M aHTUCBASBHIBAIOMIMX o- U o*-opburaneil nByx mMonekyn Hj
(puc. 2.26).

3aTem pacTiarMBaeM KBajapaT, yAsuHAs paccTosiHus H—H; rtorma
CBS3bIBAHUE W AHTHCBA3BIBAHUE YMEHBIIAIOTCS U BCE YEThIpe OpOHTaIM
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Puc. 2.26. luarpamma opbutaiei juist kBaaparHo# monexyist Hy

ancam6ra Hy MMeroT npuMepHO paBHBIE HEPTHH, ONM3KHE K DHEPIUH
BEIpOXKJICHHBIX opOUTaNeit ¢, U 3 Ha puc. 2.26.

OpOurtanu @3 U Y; UMEIOT 110 ONHOMY Y31y M IOIHOCTBIO COB-
MEIIAITCs APYT C JPYTOM IpU NOBOpoTe onHOM M3 Hux Ha 90°. Kak
U COOTBETCTBYIONIHE OpPOHTaNH TeTpadapudeckoro ancamomns (c. 151),
HUX MOXHO NPEACTaBHThL W B MHOI JKBUBANEHTHOW (OpMe C y3IOBBIMH
IUIOCKOCTAMH, MPOXOMANIMMH HE 4epe3 CepeluHBbl NPOTHBOMOJIOXKHBIX
CTOpOH, a Yepe3 BEPIIMHBI KBAAPATA:

9/7_?’

-

o7y

O0ba mpencraBieHHs COBEPHIEHHO HAEHTHYHBI, HO CUMMETpHs OpOH-
TaneH, NPeACTaBICHHEIX CIIPaBa, XOPOIIO aJalTHPOBaHA K CUMMETPHH
opbutanesi C2p, u C2p,. IloaToMy npu NOCTPOEHMH OpPOMTANBHOM
JuarpaMMbl IJIOCKOIO MeTaHa Mbl OyJeM HCIIONB30BaTH BTOPOE IIped-
CTaBIICHHE.
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Puc. 2.27. [IluarpamMma opOHTAIBHOrO B3aUMOACHCTBUSA JUI MOJICKYJIbI IIOCKOTO
METaHa

Ha puc. 2.27 uzobpaxkeHh MATH H3 BOCBEMH BAJIEHTHBIX OpOH-
Talled rIockoro MeraHa. KapTuHa moONy4yaercs 4Ype3BBIMAHHO HHTE-
pecHas. B monexyne CHy cBs3pIBaHME MOMXKET OCYIUECTBIATHCS BO-
CEMBIO BaJICHTHBIMH 3MEKIPOHAMH. B TeTpasmpuUdyeckoM MeETaHe BCE
3TH OJNEKTPOHBI y4acTBYHOT B oOpasoBanmu CH-cBszeii: Ha KaXAyro
CBsA3b 10 ABa dexTpoHa. OgHAKO B IUIOCKOM MeTaHe B 06pa3oBaHUH
CH-cBa3eil yJacTByeT TOJNBKO IHECTH IIEKTPOHOB. DTH 3allOTHEHHEIE
opbuTamn 0bo3HaUEHHl Kak 1, Y, U Y3 (opbutanu i, u 13 BHIPOK-
IIEHBI).

Ocrapmuecs JBa 3MEKTPOHA HAXONATCA Ha HECBs3BIBalOmIeH p-
opburtanmu 1, (p,), HEPIECHAUKYISIPHOH MIOCKOCTH MONEKYIBl. Takum
obpazom, B3MO nnockoro Metana (104) UMEET XapakTep HEITONEICHHOH
napet. HCMO mmockoro merana (is) — 3TO TPYIIIOBas OpOHTaNb 4.
OHna uMeeT JABe Y3JOBBIE IDIOCKOCTU. Y aroMa yIjiepona HEeT HH3KO
Nexalux opbuTaneil ¢ AByMs Y3JIOBBIMH ILTOCKOCTAMH (3d-opburanu
PaCITOIOKEHEI CIIHIIKOM BBICOKO), IO3TOMY YPOBEHb (4 HE MOXET
pacuIEeIIUTLCS Ha CBI3BIBAIONIUH M aHTHCBA3BIBAIOIIMIA.

HesMnupuuyeckue pacdeTs! MOKA3bIBAIOT, YTO JHEPrHs IUIOCKOTO
MeraHa Ha 141 KKan/Monb BBIIE DHEPTHH TETPadIPHUYECKOTO METaHa
(llnaitep, 1985), 4T0 3HAYUTENBLHO MPEBBIIAECT IHEPTUIO AUCCOIHAIIUU
cesa3u C—H (104 xxan/mons). CnenoBarelbHO, TETPAPUUECKUH TIPH-
POIHBIH MeTaH CKopee IPOIHCCOIHUPYET C OTPHIBOM aroMa BOAOPO/A,
geM MepeiiieT B INOCKy ¢opMy. ITO O3HAYAET, YTO ACHMMETPHISCKUE
COCNUHEHHS] C XUpaJIbHBIM LEHTPOM HAa aTOME YIIepoja He MOTYT
U3MEHUTH CBOIO KOHQUrypanuio ©0e3 pa3phlBa XMMUYECKHX CBS3ei,
9TO0 OOYCIOBIMBAET BBICOKYIO CTAOMIBHOCTH ONTHYECKH aKTHBHBIX
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COEJIMHEeHHH YIJIEPOJIa, KOTOPBIE HE MOTYT CaMOINIPOH3BOIBHO PALIEMHU-
30BaThCA, HPOXOAA Yepe3 KOHGUTypaIlHIO MIOCKOT0 KBajparTa:

a P o a, ¢
>, et X
8 d 8 87 4
{+)-31anTnomep : (-)-3naHTHOMeEp

C nomompK OOBIYHBIX CTPYKTYPHBIX (OPMYI OJHO3Ha9HO H300-
pa3suTh CTPOCHHUE IITOCKOTO MeTaHa JOBOJIBHO CIOXHO. BeposTHO,
NydIllie BCEr0 paccMaTpuBarh IDIOockylo Monexymy CHy kak mimockuit
MeTuIbHBIA Kapb6anuon CH;', NpoTOHMpOBaHHBIH HE MO p-OpOHTaIH
yIIIepoaa, HECYHIeH OTpHIIATE/ILHBIN 3apsal, a o o-cBsa3u C—H:

e o
('7 ’/H ® ’/'1\\\

H—t + H ———sH H
O ™ H

JTa [BUTTEPHOHHASA M K TOMY JK€ HEKIaCCHYECKas CTPYKTypa, ecre-
CTBEHHO, I0JDKHA OBITH OYCHb HECTaOHIILHOM.

IInockuit MeTaH NOMKEH CTaOUITH3UPOBATHCS, ECITH BMECTO BOJIOPO-
J1a BBECTH 7r-axuentopHele (—M) unu o-noHOpHEIE (+]) 3aMECTHTENIH.
IlepBrie OyayT B3aMMOIOEHCTBOBATH C HECBA3BLIBAIOIICH HEMOIASIEHHOM
napoit Ha atoMe ymiepoaa (B3MO), a nocnenuue 6ynyT yMeHbUIATh Ae-
(HUUOUT 2IEKTPOHOB 0 -0CcTOBa MOJIekyIbL. Ocobenno 3@ PpexTHBHO BBEAC-
HUE aTOMOB JIUTHA, 0b6nagaroiero cuibHbeMu (—M)- u (+)-3ddexramu.

IokazarensHO BIHsAHUE NBYX aTOMOB JiuTHs. COINIAaCHO pacueram,
Pa3sHHIIa B JHEPTUSAX MEXIY yuc-IUNIAHAPHBIM H TETPAIPHUECKHUM
TUIHTHAMETaHOM COCTaBJIAET BCEro 5 KKAI/MONb (B MONB3Y IOCHEX-
Hero). Ipanc-munutdiiMeraH Ha 17 kkxan/mMonp MeHee cTabuIeH, deM
yuc-u3oMep. DTO CBA3AHO C TEM, UTO B YucC-HHIMTHIMETaHe BO3MOXHA
XIOKKEIEBCKasg 2m-3I€KTPOHHAsA apOMaTHYHOCTh (cM. . 12), Tak Kak
HEMoJIeICHHAas Napa IJIOCKOT0 MeTaHa croco0Ha K AeTOKaTu3aluy Ha
IIyCTBIX p-OpOUTAIAX aTOMOB JTUTHS:

A
Li- S Y-
9,@_‘7. 09570
H——;C L1 LIH—;C—LI
40 0 01780
YUC-BUNUTUHMET N TPGHC-LMNAT ARMET AN
(apomaTuien)

Kax oTmedanocs Bblile, IUIOCKHI METaH HECTAOMIIEH ITOTOMY, YTO
rpynmnoBas opOUTans 4 HE Y4acTBYeT B cBA3bIBaHWH. Ecnu 6bl 5Ta
OpOHTAIH CHIIBHO BO3MYIIANIACh, TO €€ HIXKHUI BO3MYIIEHHBIH YPOBEHE
MoT OBl YUTH HIDKE YPOBHS OpOHUTAIH p, H TOINA B CBA3LIBAHMH YETHIPEX
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aTOMOB YIJIEpOja y4acTBOBaJO Obl yXe He 6, a 8 2IexTpoHOB. JTO
BO3MOXHO B aHajorax MeraHa AH4, B KOTOpBIX HEHTPalbHBIK aTOM
A HMeeT JIocTynHEIe (T. €. OTHOCHTENILHO HU3KO JIEKalIHe) d-opOHTalH,
TaK KaKk CHMMETpHUA d-opOuTanei (ABa yIioBbIX y3/1a) KaK pa3 IMOAXOHUT
K CHMMETPHH OpOHTAIH (0.

» 2
o0 + CBO——
L
%, dy2 y2 cla3eifarue

JelCTBUTEILHO, HEOMIIUPHYECKUI pacyeT IMOKa3bIBAeT, YTO B PIAY
CH., SiHy, GeH,4, SnHy, TiH,4 sHeprus mwiockux ¢GopM MOIEKYIT TOCTE-
MEHHO M 3HAYHUTENHLHO TOHMKAETCS, TOCKOIBKY -OpOHTAIH CTaHOBSITCS
Bce Oonee u Oonee noctynHsiMH (110 3HEPruH) A1 3PQEeKTHBHOTO
B3auMofeHcTBusI ¢ 4. B monekyne TiHy d-opOuTany THTaHa OYEHB
3¢ QeKTHBHO CBA3BIBAIOT arOMBI BOAOPOJA U PACCUYMTAHHBIE YHEPIHU
IIOCKOH KBAafpaTHOH H Terpa’ipHUecKoH (GopM Mamo OTIHYAIOTCH
MexXy coboii.

BTopeiM BaKHEIM (haKTOPOM SABISIETCS YBEJIHUEHHE Pa3MepoB IEeH-
TPaNbHOro aroMa. Yem OombIile aTOMHBIM paavyc, TeM Nalblle OTCTOAT
JIpyT OT Apyra aroMbl BOAOPOJA, T.€. TeM OoJblle pasMepsl IPyIio-
Boil opburanu Hy. OTo moHMXaer oHepruio opOHTamH (4, TaK Kak
B Hell Bce B3aMMOACHCTBUS MEXAY COCCOIHMMH aroMaMy BOAOpOAa
aHTUCBs3BIBarOIKUe. J¢GeKT 3aMeTeH B cIydae IIOCKoro cwiana SiHy,
B KOTOPOM ITyCThI€ d-OpOHTaI KPEMHHS EIIe JeXaT JOCTATOYHO BEICOKO
1 3(h(EeKTHBHO HE yJaCTBYIOT B CBA3BIBAHUH, HO IOPSIOK PaCIIOI0KEHUS
opOHuTanel HHOH, YeM y IUtockoro Merana. B nmockom SiHy Bricmiei
3aHATOH SBISETCS OPOUTANG (04, @ HU3IIEH CBOOOJHON — OpOUTAIIB p,,
TOTZIa KaK B IUTOCKOM MeTaHe, Hao0opot, pons B3MO wurpaer p,, a pons
HCMO — p4-opburans.

3aMeTHM, UTO BCE HM3BECTHBIC B HACTOSINEE BpEMs TETPaKOOpAUHa-
L{UOHHBIE COEIMHEHHS DIIEMEHTOB I'pyIIEl [Va, T. e. KpeMHHsI, TepMaHus,
OII0Ba W CBHHIIA, & TaKXe 53JEMEHTOB Ipymmel IV6, T.e. TuTaHa,
UPKOHHUS U TradHUs, BCE-TaK¥ UMEIOT TETPadIpHIeCKOe CTPOCHHE.

2.5.4. THINEPKOHBIOTALIUA KAK BHYTPHMOJIEKYJIAPHOE
o, 7~-BO3MYILIEHUE
Merox BMO no3BossieT NpoCcTO OOBSACHHTHL MHOTHE XUMHYECKHE
SIBIIEHUS, B TOM YUCJE H THIepKoHbioranuio (pasa. 2.2.5). PaccmoTpum
stwibHbI KaTHoH CH3;CH;. CormacHo KIacCHYECKHM 3IEKTPOHHBIM
HNpEeACTaBICHUSAM, B 3TOM KaTHOHE JOJDKEH MpOoSBIATHCS 3¢dexT ru-
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MEPKOHBIOTAINH, 32K/ IFOUAIONUNCS B CMCIHEHUU O-31CKTPOHOB CBSI3EH
C—H k xaTMuOHHOMY LIEHTPY:

- H .
H-LcX—CH,
H

PactonouM 3THABHBIH KATHMOH B IUIOCKOCTH O TakK, YTOOBI aTOMBI
yraepona, a taioke Hi, Hy 1 Hs Haxogumuce B 3TOH IINOCKOCTH, aTOM
H; — cBepxy miockocTH, a atom Hy — cHusy (puc. 2.28,a).

ITnockocts o GyAeT MIOCKOCTEI0 CHMMETPHH SJEPHOTO OCTOBa KaTHOHA,
[TO3TOMY OHa HOJDKHA OBITH U ITIOCKOCTHI0 CHMMETPHH BCeX opOHTael.
W nedCTBHTENBHO, ¢ SABIAETCS IUIOCKOCTBIO CHMMMETPHH opOurtanu
C2p u opburaneit 0 u o* cBasu H;—C. OpHako IUIOCKOCTE O HeE
Oymer aneMeHTOM cumMeTpuu opburaneit cmszeit H;—C u Hy—C,
MIOCKOJIBKY MpPH OTPAXXEHWH B 3TOW INIOCKOCTH OfHa opOHTane mepe-
xomguT B Apyryio. CnenoBarensHo, opburanu cesaseit H;—C u H,—C
He MOMYyYWIHCh CAMMETPH30BAaHHBIMH M HX HEOOXOAMMO CHEIHAaJIbEHO
cHMMeTpH30BaTh. [Iponecc cHMMeTpH3aLHK IOKa3aH Ha puc. 2.28,6. B
pe3yIbTaTe BO3MYIICHUS [TEPBOrO MOPAAKA BHIPOXKICHHBIC YPOBHU 9] H
1, pacHieluIftoTcs Ha Goee HU3KUH M 6onee BBICOKHI ypoBHH W, U

Puc. 2.28. I'imepkOHBIOrailMsA B O3THIBHOM KaTHOHE: @ — PACIIONIOKCHHE KaTHOHA B

TIOCKOCTH 0 § — 00pa3oBaHKue CUMMETPU30BAHHBIX (JC/I0KAIM30BAHHbIX) o-0pbuTanei

U3 CBA3BIBAIOMIKMX OpbuTaNei JIOKaTM30BaHHEIX O-CBA3eH; € — B3aUMOJIEHCTBHE JIeNIOKa-
JIM30BaHHOM 3aHATOM opbuTaiu V.. ¢ p-opOUTAIBLIO COCENHErO aToMa yIneposaa
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¥ _. K opburamam W, u ¥_ yxe MOXHO MPHMEHATL CHMMETPHUIECKUE
npeobpazoBanus: V. Oyner cUMMeTpUuHOM, 8 ¥ _. — aHTHCUMMETpHY-
HOHM OTHOCHUTENIBHO omepaiud o. Ocoboe 3HaUeHHE UMEeT OpOHTAIb
Y_ . Bo-nepBhix, OHA S(BIAETCS BBICIIEH 3aHATOH OpOHTANBIO TPYHIIEI
CH; u mostoMy no SHeprHu Ommke BceX Ipyrux opoOuraneit sToi
rpynnel Kk nycroit C2p-opbutanu, spiasomedics HU3med cBoOOAHON
opbutanplo karHoHa. CrnenopaTenbHO, BosMymenne ¥_ (B3MO)—
C2p (HCMO) o snepruu JomKHO OBITH 3ddexTuBHbIM. Bo-BTOpBIX,
cummerpus W_ u C2p onunakoBa: 00e OopOWTANIH aHTHCHMMETPHUIHEI
OTHOCHUTENBHO IUIOCKOCTH ¢ H MO3TOMY NEPEKpPBLIBAHHE MEXIY HUMH
He paBHO Hynro. OpOurans W_ moxoxa Ha p-opbuTanb: 3To Kak Ol
HCKa)KeHHas p-opOHTab, BEpXHSS H HHKHAS JIOJIS KOTOPOH OTKIIOHEHBI
OT BEPTHKaJIbHOI ocu Bmnparo Ha 109,5° — 90° = 19,5° (puc. 2.28).
Taxum obpasom, myctas opburtans C2p u 3anonHenHas opourtans W_
MOTYT B3aUMHO BO3MYIIATbCS, YTO MPUBEAET K MOHIKEHHIO YHEPTHU
HOBOH BO3MymnieHHOH opburtanyu (V_. + C2p), Ha KoTOpOil Oyner Haxo-
IUTHCA T1apa JEKTPOHOB, /10 BO3MYIIICHHS 3aHUMaBIIIas 60Jee BEICOKYIO
opburtaae ¥_.

B Teopuu MONEKyISIpHBIX OpOHTalIeil TepMHHA «TUHEPKOHBIOT AL
HET, TEM HE MeHee BO3MYIUCHHUE, IIOKA3aHHOE Ha pHC. 2.28,8, S5KBHBa-
JIEHTHO THIEPKOHBIOTallMU. MeTHIbHas rpylnna, CBsI3aHHAsA ¢ KaTHOH-
HEIM LEHTPOM, JO/DKHA ITOHIKATH SHEPIUi0 KaTHOHA, M JAeHCTBUTEIb-
HO, HO 3KCIICpHMEHTAIbHBIM JaHHBIM, Katnon CH3;CH; crabuisHee,
gem CH3.

2.6. OPBUTAJIBHBIE B3AUMOJAENUCTBHUSA «YEPE3
HNPOCTPAHCTBO» 1 «<MEPE3 CBA3H»

B mpenpiaymux pasienax Ha OpUMEpe IPOCTHIX MOJIEKYN MBI I10-
Ka3aJIH, KaK CTPOSITCS MOJICKY/ISIpHbIE OPOUTANH ¢ IOMOINIBIO JHarpamm
OpOHTAIBHEIX B3aHMOASHCTBHA. AHaMH3Upys GopMy M DHEPrHIO Tpa-
HHYHBIX OpOuTaneid, MOXHO PEIINTH MHOKECTBO BOIIPOCOB, CBA3aHHBIX
CO CTPOCHHEM M PEaKIMOHHOH CIOCOOHOCTBIO JIaHHOW MOIEKYIHI.
ITpuMeps! Takoro nNpHMeHeHUs TEOPHH MOIEKYHspHBIX opbuTaned Oy-
IyT IPHBEJNEHH! B ITOCIEAYIOIIHX ITAaBax 3TOH KHUTH. ITaBHag nens
ITOCTPOEHHA AHarpaMM OpOHTANBHBIX B3aUMOMCHCTBHH 3aKTH0YAETCA
B TOM, 4TOOR HalTH M oOXapaKTepH30Barb ITaHHYHBIE OpOHTANIH H
OOBSICHUTE T€ OpOHTANBHbIE B3aUMOAECHCTBHUSA, KOTOPble KOHTPOIHPYIOT
¢opMy rpaHHUHBIX OpOuTaneid. OpOHUTATH OTHENBHBIX TPYII MOTYT
B3aHMOJICCTBOBATL HE TOJLKO HANPSMYIO «YEPE3 MPOCTPAHCTBOY», HO
TaKKe U gepes3 o-cBsi3u. Oba Tuna B3auMoJieiicTBrit OyAyT pacCMOTPEHBI
B 3TOM pasfelie HHXe.
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2.6.1. ILIOCKOCTHBIE 0-OPEHUTAJIU MAJIBIX IIUKJIOB
2.6.1.a. LUKJIOMPOIIAH

Mornekyny IUKIONPONaHa MOXHO PaccMaTpHBaTh KaK COCTOSMIIYIO
M3 TPEX METUICHOBBIX EAMHHI {«CTPOHMTEIHHBIX OIOKOB»), KaXnas M3
KOTOpBIX HMMeEeT OpOuTallM, HCIONb3yeMble UIsi 00pa3oBaHMs CBs3ei
C—H (#a cxeme He TOKa3aHbl), H KPOME TOIO, My- H H;-OpOHTANH,
HCIIONIb3YEMEIE A 00pa3oBaHuUs CKeneTHBIX cRa3eld C—C:

1,~-OpOUTANH 10 SHESPTHH PACIIONOKEHBI HEMHOTO BBIILE R, -OpOUTANICH.
dopma CKeIETHBIX IUIOCKOCTHBIX OpOHMTallel M IOCiel0BaTeibHbIe
CTaAMU UX MOCTPOECHMS, BKIIOYAIONIHE MEPBOHAYAILHOE 00beIHHEHHE
JIBYX aTOMOB H IIOCIEOYIOIIee NPHCOeNMHEHWE TPEeThero aroMma yrvie-
poza, moxazaHsl Ha puc. 2.29. Pacmiernienne ypoBHeH (puc. 2.29,q)
COOTBETCTBYET OOIIEMy IIPABHILY, COINIACHO KOTOPOMY CaMYH) HH3KYIO
SHEPIHI0 UMEIOT 0-O0pOMTANH, 8 CAMYK) BBICOKYH) SHEPTHIO — OpOUTATTH
o ~TUNA; MEX/y HUMH pacrioiaralorcs 7m- 1 7 -opOurau.

bonee crporas ¢opMa CKeJeTHBIX LUKIONPOIAHOBBIX opbuTanei
pOJy4aeTcs Npd yuere TOro ¢axra, 4ro OpOHTAIH X5 U Y HMEKT
Ty e CHMMETPHIO, YTO M opOuranu X2 H X3. CiedoBarelnHO, OHH
CMEIIHMBAIOTCS JPYT ¢ APYTOM, 4TO IMOKA3aHO HIXE:

|
> v D A
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Puc. 2.29. PacimiensieHue nq- # nn-ypOBHEH Ipy 00pa30BaHHH CKEJETHBIX MI0OCKOCTHBIX
opbutanefi nmionponana (a); dopma opburaneii (6) ¥ NMOCNEOBaTEABHBIE CTAANM
NoCcTpoeHus opburaneii uHKIa (8 H 2)
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OpOurany nHKJIONpoNaHa He HMEIOT YeTKO BBIPaXCHHOTO HanpabJie-
HUs B107b Mexbanepuod nuHuu C—C, u cBa3n C—C no3toMy Ha3blBa-
1o1cs «banaHoBEIMUY (1. 24). IlnockocTHBIE o-opbuTtanu (puc. 2.29,6)
COOTBETCTBYIOT TpeM C—C-CBSI3aM IIUMKJIA, M KaXKast U3 CBSI3bIBAIOIIUX
opbuTaieit x1, X2 M X3 3aHATA 1apoii 3MekTpoHoB. OpbuTamu X2 ¥ X3
JIEXKAT BBIE, YeM OOBIYHBIE OC-OpOUTany, HaripuMmep B 3Tane. OHU
[IOYTH LEJHKOM IOCTPOEHB! U3 p-opOHUTalell aTOMOB yIAepona, Jexa-
IMX B IIOCKOCTH LIMKJIA. DTH p-0pOUTaIH B OTIMYHE OT UKIOAIKAHOB
¢ OOMBIIMMH Pa3MepaMH [IUKIIa HAIIPaBIEHEI JIPYT K IPYTY HE 1O JIHHUU
C—C-cpszeit. CnenoBatensHO, BHIPOXKICHHBIE YPOBHH X2 U X3, B IIPHH-
[{Ie, JO/DKHBL ObITh XOPOUIHMH 3MEKTPOHONOHOPAMU 10 OTHOIIEHHIO
K 3aMECTHTEIIM B TPEXWICHHOM 1uKiIe. Ilo Toit sxe nmpuymuHe opbutans
x4 (HCMO) nomxna obnanars XOpOMMME aKIIENTOPHEIMU CBOHCTBAMM.
Tpu C—C-cBa3K B HUKJIONpONaHe 3KBUBAJICHTHBI, TIOCKOIBKY 00e op-
6utamu B mape x2/x; 3aHaTel. OqHaKo OpOHUTAIH X2 H X3 I10-PA3HOMY
B3aHMOJEHCTBYIOT C 3aMecTUTelsIMH B Komnblle. Harpumep, mumerni-
UKJIONPONIIBHBINA KapbokaTHoH osee cTabmieH B koHGopMaluu (A),
gyeM B KoH(opMmanuu (b), mpuuem Gapbep BpalleHUS MEXIY 3THMHU
IByMs (GOpMaMH OYeHb BBICOK (~ 14 xkan/mons mo maHHeiM SIMP).
OroT akT OYeHs Jierko OOBSICHHTE B3aUMOACHCTBHEM KapOOKaTHOHHOM
p-opOHTaNH ¢ UMKIOMPOIIaHOBOH OpOUTATIBIO X3!

CH, CHy +
+ + ] 4CHy

Pe3ynsraToM Takoro B3aUMOJEHCTBHMS sBIsAeTCcS ociabneHue cCBa3ed

C(1)—C(2) u C(1)—C(3) u ycusenue casizu C(2)—C(3) B pOU3BOIHEIX

LMKIONPOIIaHa, COAEPKAIUX XOPOIIKE 3eKTPOHOAKIICITOPHEIE 3aMe-
+

cturemd (—CR;, —C=N, —COOR), uro BbIpaaercs B YIMHEHHH

cem3eit C(1)—C(2) u C(1)—C(3) u ywxopouenuu caszu C(2)—C(3).
Tunu9HEBI TPpHMEp [PUBEEH HIKe:
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AHaNOrM4HO, MOXHO JIETKO TIOHSATH, IIOYEMY IOJIOKEHUE PaBHOBECHSA
HOPKapaJHeH-TENTaTPHEeH CABHHYTO B CTOPOHY HOpKapaJueHa INpH
HaJIMYUH CHIIBHBIX 3IEKTPOHOAKIeNITOPHBIX 3aMecTuTenei R:

R R R R

P )
of =g
renTaTpuen HopKapaaueH

IluxnonponuneHeli dhparMeHT HOpKapaiueHa CTaOWIH3UPYeTCs 3JIeK-
TpoHOaKuenTopHeIMA rpyniamu. Ect R=H, To coenunenue cymecrsy-
€T TOJIBKO B IIMKJIOTenTaTpueHOBOH hopmMe, Ho ecitu R=CN, paBHOBecHe
CIABHUHYTO B CTOPOHY HOPKapaJHeHa.

Opburans x; (rropas BeipoxneHHas B3MO) orBeuaer 3a MpOTOHH-
POBaHHE UKIONPONIaHa «I10 pedpy»:

uwau

B atoM crydae 00pa3yeTcs MOCTHKOBasi TPEXIIEHTPOBAs ABYXIJIEKTPOH-
Has CBSI3b, AHAIOTHYHAS CBS3M B HEKJIacCu4YeckoMm kapboxatuone CoHI,
BO3HMKAIOIUEM IIPU IPOTOHUPOBAHUHU ITHIICHA.

bunuxno[3.1.0]rekcwITo3mwinar BCTynaeT B PEAKUUI0 COJIbBOJIH3A
ropaszio jerde, 4eM NPOCTOH IuKIorekcunrosunar. Mccnenosanus c
PaTHOW3OTOIIHEIMH METKaMH ITOKa3alld, 9To 00pasyromuics KaTHOH
HMEET CUMMETpUIO Ipynmsl Cs3,. DTO O3HAYAET, UYTO KAXKIBIA METHHO-
BBIit atoM yriepona ¢opmansHO HeceT 1/3 HMOIOXKHTENBHOTO 3apszaa
KapOOKaTHOHA M MEXIy HECOCEICTBYIOIIHMH METHHOBBIMHU IpyIIaMHU
dhopManbHO UMEIOTCS CBsi3y mopsanka 1/3. JIpyrumu criosamu, oOpasy-
€TCS CBA3BIBAIONIAS OpOUTANID X3!

6uunkno(3.1.0]-
rexcuNTo3nNaT
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2.6.1.6. IMKJIOBYTAH

ITo aHamoruu c MM KJIOIIPOIIAaHOM IIPIKHOGyTaHOBLIG CKCJICTHBIC 0p6PI-
Taad MOXHO MNOCTPOUTD M3 YCTHIPCX METHJIICHOBBIX COMHHUIL

YcimoBuMcS, 9TO MOJEKylTa LIHKIOOyTaHa HMeeT IUIOCKYK KBajpar-
HY10, @ HE CKJIAA4aTylo, CTPYKTYpy. Vcrione3ys IpejcTaBlIeHHE N,- H
n;-0pOHTANAX, MOXKHO HOCTPOHTH MOJIEKY/ISpHBIE OpOUTAIH, [10Ka3aH-
Hele Ha puc. 2.30. Huxnobyran uMeer napy BBIpOxAeHHbIX B3MO
(x3 ¥ x4) 1 napy BeipoxneHHEIX HCMO (x5 # x¢). Opbutann x3 u
X4 c1abOCB3BIBAIOMME, @ OPOHTAIMN X5 H X¢ — CIabopa3phIXIIAOIIHE,
MIOCKOJIBKY B HHX B3aHMOJAEHCTBYIOT Da3UCHEIE OpOHTAIN aTOMOB YyIJie-
polia, PacONOXEHHBIX B NPOTHBOITOIOXHBIX YITIaX YeThIPEXdICHHOTO
nuKiIa («IUTMHHEBIE CBA3W»). IMEHHO MO 3TOM MpUYHHE B HUKIOOyTaHE
HapyllaeTcs NpaBUIO TOCIEHOBATE/ILHOCTH opbutaneil (o —nm—n* —a*)
Y yKa3aHHBIE YeThIpe OpOHTAIH PacoaraloTCs MEX Ty OpOUTAISIMU X2
U X7 BOIH3H HECBS3BIBAIOIETO YPOBHS.

HexotopeiM opOutamsam, uzobpakeHHBIM Ha puc. 2.30, MOxHO
IpuIaTh M HUHYIO, albrepHAaTHBHYRO, ¢opMy. Tak, maper opOuraneii
X3/Xe M Xa/Xs5 HUMEIOT OIMHAKOBYIO CHMMETPHIO U [OITOMY MOTYT

CMECHIIHNBATHLCHA:
+ S

Xs

)
- ()

!

|
KNG =D

l

TR R te:
@
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L ’ / ! ’
3arem, cMelMBas Mapel BEIPOXICHHBIX opOHTamed x5/x, ¥ X5/Xs
MO>XHO IOJIyYHTh aNbTepHATHBHBIC GOPMBI X5, X4, X4 U X§, KOTOpbIE
HPENCTABISIOT COO0H CBA3BIBAIOIIME H AHTHCBA3BIBAIOIIME KOMOMHANHU
o- ¥ ¢*-opbuTaiell mapaeNbHbIX CBA3eH HUKIOOYTAHOBOIO KOJBIA:

ML
<

pd

+

,

x

&

[IpuBeneM mnpuMep, ITOKAa3bIBAIOIIMA, KaK H300paXeHHbIE HA
puc. 2.30 MoXeKyJIpHbIe OpOUTATH MOXHO HCITONB30BATh A OOBsC-

- X < : >
nmw— x
7 x5
——T A
=}
x?
—H—x,, % Q
g x, X Xy
x1
X

=g,
0

3

2

]

Puc. 2.30. PacuieruieHue sy, - U H,-yPOBHEH pH 00pazoBaHMy IUKIOOYTaHa U3 YeThIpex
METHJICHOBBIX eanHul (a) u popma opburaneit (6)

188



HEHHSl XUMHYECKUX CBOHUCTB MOJIEKYJI, CONEPKAIINX YeThIPeXWICHHBIH
1uki1. TpunukaookraaueH (4) Jerko rneperpyniupOBBIBAETCS B CEMH-
OynbBajieH uepe3 MPOMEXYTOUYHbIA OHMpajauKal yKe IpY KOMHaTHOH
temneparype. OJHAKO OYEHbH TMOXOXKAA MOJEKYJId TPUIHISTHIECKOTO
terpacHa (b) abcomoTHO cTabMIbHA.

O— )=

Gupaduxan

|

HX D=

cemuby nbsanes

Yr1o05I 06L;ICHHTI> Takoe pa3iauyue, cHavaja 3aMeTHM, YTO CO-
eAuHeHHe A TpencTaBiaseT co00i NUKIOOYTAaHOBOE KOJBIO C JBY-
M 1,3-3THIEHOBBIMM MOCTHUKAMH, a4 COEHHEHUE b — ITMKIO0YTaHOBOE
KOJIBLO C AByMs OyTalHEHOBHLIMH MOCTHKaMH. YKa3zaHHOE pa3jIMyHe
MEXJly JABYMs CHCTEMaMH MOXKHO HCCIeNoBaTh Ha 0ojee IpOCTHIX
OJJHOMOCTHKOBBIX CTPYKTypax B u I', K KOTOPEIM MBI ITepeHaem:

A —

B r

BaauMonelcTBAE IPaHHYHBIX OpOHTaIEeH DTHIEHOBOTO M IHKIOOY-
TaHOBOTO (PParMEHTOB B coemuHeHHH B 1oka3aHo Ha puc. 2.31. MoxHo
BHJIETh, YTO BCIEACTBHE B3aUMOACHCTBHS C IHKIIOOYTaHOBBIM KOJIBIIOM
3HepreTuyeckas wmenb Mexay B3MO u HCMO craHOBUTCS MEHbIUE,
4yeM B caMoM dSThieHe. w-Opburans nepekphiBacTcs ¢ 3alOJHEHHOMH
opburtansio X3 (MIM x4) nukioOyTaHa W, TakuM o0Opa3oM, jecTra-
OuIM3UpyeTcs, ToIMa Kak ypoBeHb 7°, HA00OpOT, CTabHIM3UpyeTCs
B3aUMOACHCTBHEM C IIYCTHIM YPOBHEM X7.

CoBepllieHHO IIPOTHBONOIOKHEIH >dekT HabIonaeTca B COSIHHE-
HUK I’ ¢ OyTaaueHOBBIM (PAarMEeHTOM. DHEPreTHYECKAs IENIb MEXIY
B3MO u HCMO pacmmmpsiercs (ecid cpaBHUBaTh ¢ OyTraaueHoMm). B
JaHHOM cCllydae Oytaguenosas B3MO 72 Hoaxomut mo CHUMMETPHH
K x7-opbutanu umxnoOyTaHa H, CIEHOBaTelIbHO, crabwiusupyercs, a
HCMO 6yranuena 73 gecrabunusupyercs (puc. 2.32). JIpOTHBOIIONOXK-
HBIE PEe3YNbTATHI, TIOYUYCHHEIE MPH PACCMOTPEHHUH ITHX IBYX MOJEKYI,
SIBIIIFOTCS TIPSAMBIM CIICACTBHEM PAa3IHUHsA B Y3JIOBHIX CBOHCTBax rpa-
HUYHBIX T-opOuTasnel atunneHa u OyraaueHa (cum. puc. 2.8). Monekyna B
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NS

Puc. 2.31. Opbutansusic B3aumoneiicteus s 6Gunuwiof2.1.1]rexcene-2 u ¢popma rpa-
HHYHBIX OpOHTaNCH

-

{3tunen) (yurnodyran)

N e OO
A<_f=_/

S e

Puc. 2.32. OpbutanbHsie B3auMopeiicTBHA B 2,36uc-MeruneHOUNuKo[2.1.1]rekcane u
¢dopma rpanuuHbIX opbuTanei

& =
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¢ y3koH »HepreTHdeckod menpio Mexay B3MO u HCMO jomxHa
1IpeTepIIeBaTh TeOMETPUIECKIE HCKAXKECHHS, KOTOPHIE MTO3BOIISIIOT 0pOu-
TAIAM CMeLIuBarbest Apyr ¢ apyrom (3¢¢exr Sna— Tenmepa Broporo
nopsnka). Kax nokazano Ha puc. 2.31, B HCMO OuUIUKINYECKOTO
coenuHenus (¥3) MEXKIY aTOMaMH yriepo/ia UHKIO0yTaHOBOIO KOJblia
uMeeTcs aHTUCBA3bIBaHue. CleloBaTeNbHO, NPU TI000M acUMMETpHYe-
CKOM MCKaXCHHMM MOJIEKYNBI B, 1mo3posstoneM cMmeinnsatbess B3AMO u
HCMO, cBs3b MeXAy aTOMaMHU yIJIepoja B ITHKI00YyTaHOBOM (parMeHTe
Oyner ocmabmaATbCs, YTO COINIACYETCA C JETKMM pa3phblBOM CBA3M B
9TOM COEIMHEHHH, IPUBOMSINIMM K Oupaaukany. B coenuHenuu I mens
mexy B3MO 1 HCMO oueHs NIHpOKast U BCIEACTBHE DTONO HCYE3AET
JBHXKYILIas CHJIa AT aHAIoruaHoro a¢dexra Sna— Temnepa. Hecmorps
Ha TO YTO IO DHEPruy HANPHKEHHs LMKNa coenuHeHus B u [ 6au3ku,
HOCIEAHee TEPMHYECKH ropa3io bonee cTabUIBHO.

2.6.2. B3BAUMOIEMCTBUS «UEPE3 CBA3H»

Kak MbI Bujienu, pa3bop MONEKYIbI Ha «CTPOUTENILHBIE KUPITHUNY
1103BOJISIET Nerko cTpouTh ee MO B BH/Ie THHEWHON KOMOUHAIHH OpOH-
Taneil ¢parmenrtos. Bompoc o ToM, kakuM obpazom GparMeHTHPOBaTE
JaHHYIO MOJIEKYNY, PEIIaeTCsl TeM, HACKOJIBKO JIETKO Janee MOIydUTh
KapTHHY B3auMojeicTBusi opbutanei ¢parmeHtoB. Jlannas napa op-
OuTanei, HanpaBIeHHAs «4epe3 MPOCTPAHCTBO» MEXIY (parMeHTaMH,
koMOuHupyeTcst B daze m B mporuBodaze. OObMHO xOMOMHAIMA B
(haze uMeeT Oosiee HU3KYIO SHEPTHIO, 4eM KOMOMHAIHA B NpoTHBO(Da3e.
OnHako B HEKOTOPLIX CIIydasx KOMOMHAIMA B a3e MOXKET JIEKATh BhIILE
[0 PHEPTHH, YeM KOMOUHAIHS B IIPOTHBOGA3E.

B kagecTBe npHMepa pacCMOTPHM JBE€ HEIOHENCHHBbIC IAphl B
Mosekyne 1,4-nuazabunukino[2.2.2JoxraHa, MpeACTaBISIOUET0 COGOM
oprann4yeckni nuamuH. IlpsaMoe B3anMoneiicTBUE «uyepe3 MpocTpaH-
CTBO» JIBYX T'MOpPHIHBIX HENOJENEHHBIX ITap MPUBOJHT K 00Pa3oBaHHIO
YPOBHEH 71+ U M., KOTOPHIE TTOKA3aHbI HIKE:

~—\
©No  oND  1,4-guazabuuukno/2.2.2/oxTan
N—r

0—eD ) _

®o—o® N,

Bceneacteue TOro, 4rOo pacCTOAHHEC MEXOY aroMaMi as30Ta BEJIMKO,
DHEPIreTUYECKOE pa3IudUe MEXNAY H+ U N IOOJIKHO OBITh CJIA0BIM.
Tem He MEHEC, pacyeThbl U DKCIHECPHMEHTAJIBHBIC NAHHbLIC 3TO HE ITOA-
TBEPXKIAOT. TaK, ABE IIEPBBIC MOJOCEHI B (I)OTOBHCKTPOHHBIX CHEKTpax,
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Puc. 2.33. OpOutanbHble B3aUMOJCHCTBHS «YEPE3 CBA3L» B Monekyne 1,4-puasabu-
unkio{2.2.2]Jokraxa

KOTOpble OOYCIOBICHBI HOHH3ALMEH YPOBHEH #+ W n_, OTIHYAIOTCA
Mexay coboit Gonee yem Ha 2 3B (7,52 u 9,65 3B COOTBETCTBEHHO).
U3 ananm3a xonebarenbHBIX CHEKTPOB IMa300HIIMKIIOOKTaHA CIIEIYeT,
YTO YPOBEHB 714 JEXKHUT @bitiie YPOBHA 1 _. Takoil HOPSAIOK PACOIOKESHUS
YPOBHE# 00YCIIOBIICH TeM (AKTOM, UTO HEnoOeneHHbIE NAPLL HENb3A Pac-
CMAMpueams U30JIUPOSAHHO OM OpPY2uX HACIell MOAeKyabl. ITH Hapsl
B3aUMOJEHCTBYIOT ¢ 0 B o*-opOutansMu cesasellt C—C, Haxomsmuxcs
Mexny aromamu azorta (puc. 2.33). Tako# 3¢deKT Ha3pIBaETCA 83aUMO-
deticmeuem «uepes ceazbn. OpOUTaNU n, U n_ B3aUMOZEHCTBYIOT C 0 H
o*-opburansmu cBsseit C—C. [lo cpasHeHHIO ¢ 1,4-B3aUMOneHCTBHEM
HEMOJIETIEHHBIX Nap «depe3 IPOCTPAHCTBO» 3TH 1,2-B3auMojeHcTBHA (114
C 0 U n_ C ) BRIpaXKeHB! ropasno cunnhee. [lon BIHsHEM opOuTanei
¢ M ¢* 3HEeprus ypoBHA 7. IOBHIIIAETCA, a DHEPTHSA YPOBHA n_ —
HOHIKAETCH. DTO IPUBOIHUT K CHIIBHOMY pacUICIUIEHHIO YPOBHEH, 4TO
1 HabmromaeTcs B CHEKTpax.

AmHanoruysas cuTyauus HaOmonaercs B MOJIEKyNe IHpa3vHA, B
KOTOpPOH KOMOWHAIUSA n. JEXKHUT Ha 1,72 5B esiuwe 1o sHepruu, 4em
KOMOHMHAITHA n_.:

7 N

DN N<D nupaud

KoHKypeHIIHA MeXAy B3aHMOACHCTBHEM «4epe3 HPOCTPAHCTBO» H
«4epe3 CBA3M» YACTO JaeT OYeHb MHTEpECHbIe pe3ynbTarhl. B xagecTse
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npuMepa pacCMOTPHM TPHIHKIIO-3,7-0KTaJHEH, KOTOPBIH MOXET CyIlle-
CTBOBA4ThL WIIM B @MU~ UM B CUH-KOHQUTYpaLUH:

b o

(amTu) (cwi)

B awmu-cTpyxrype B3auMopeHcTBHEM T-OpOMTaneH JBONHBIX CBS3EH
«4epe3 OPOCTPAHCTBO» MOXHO IpeHeOpedb, HO, IO NaHHBIM (doTo-
MEKTPOHHON CIIEKTPOCKOIIMH, Pa3IHYHe MEXAY MEePBBIM M BTIOPBIM
[IOTEHIHANaMH HOHM3AIuH Ut anmu-dopmel (AIP =0,97 3B) Gonsure,
yeM mas cun-Gopmel (AIP = 0,36 3B). Orcioma cieayer, 4ro B
QHmMuU-30Mepe JBOMHBIC CBA3M, JAJNEKO YAaNCHHBIC JpYyr OT ApyTa,
B3aMMOJIEHCTBYIOT Mexay coboi iydmie, 4eM B cuH-H30Mepe, Tae
OHM HAXOHATCS PSAOM. 3TOT napajokc OOBSICHIETCS B3aHMOXCHCTBH-
eM «uepe3 cBa3u». Kak mokazano Ha puc. 2.34,4, B3aHMOJCHCTBHE
«iepe3 MPOCTPAHCTBO» B MPAHC-U30MEPE OUeHb Majao U YPOBEHb T+
JAEXWT Wb HEMHOTO Hibke ypoBHA 7. C YpPOBHAMH 7y H 7_
0 CHMMETPHH MOTYT B3aUMOJCHCTBOBaTh opburamu X, (X3) ¥ Xs
(x¢) cooTBercTBeHHO. BeleAcTBHE B3aHMOMEHCTBHS «4epe3 CBS3M»
(me—x4) ¥ (T_—x%) ypoBHH 7, U T/ MEHSIOTCS MECTAMH U CHIBHO
pacxonsTcs. B yuc-mzoMepe BlamMoneiicTBHE «4epe3 IPOCTPAHCTBOY
BBIPAXEHO Iropasfio CHUJIbHEE Y pacllel/ieHHe YPOBHEH 7, M 7 Topas/io
oomemie (puc. 2.34,0), mpuyeM, Kak U UIA mpaHC-U3OMEpa, YPOBEHB
My JIKHUT HHUXe YpoBHA 7m_. [IpH B3aWMOAEHCTBHH «depe3 CBIA3H» 3TH
YPOBHH MEHSIOTCS MecTaMH. Benuuuna atoro addexra onpenensercs
1,2-B3auMONIEHCTBUAMH JBOHHOH CBSA3M C HUKIOOYTAHOBBIM KOJIBLIOM

- /;"‘\_"__ x,
T E
N/

Puc. 2.34. Jluarpamma B3auMoOCHCTBUA B anmu- (a) U cuk-u3oMepax (6) Tpuimriio-3,7-
OKTajueHa

+

~
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M JUIS yuc- U mMpaHc-u30MepoB NPUMEPHO onuHakoBa. ClenoBaTellb-
HO, IOBBINIEHWE YPOBHA 7, M IIOHMXEHHE YPOBHS 7 _ B Cilydae
Yyuc-A30MEPA NOJDKHO IIPHBECTH K MEHBUICH BETHYHHE dHEPTeTHUECKON
e MeXIy 7' | 7, uTo M HabmonaeTca. MHpIMu crnoamu, Goblnee
B3aUMOJIEHCTBUE «uepe3 MPOCTPAHCTBO» B YuC-M30MEpe TIPUBOIUT K
MeHb1el BennunHe AIP 13-3a TOro, 4T0 NPOSBISETC IPOTHBOIIOI0KHO
HallpaBleHHBIN 3Q(EKT B3aUMOACHCTBHS «UEpe3 CBI3M».

Bo B3auMONeHCTBUAX «4epe3 CBI3H» MOXKET yIacTBOBaTh HE TOJBKO
OfIHa U-CBfI3b, HO IBE, TPH, HETHIPE U T. 1. o-cBA3el. C yIIIMHEHUEM yT-
JIEPOIHOH LENOYKY 3TO B3aUMOAEHCTBUE HE 3aTYXAET, IIOCKOJIbKY, 10 CY-
NIECTBY, OHO ABJILETCA CYMMOH IIOC/IEN0BaTeNbHbIX 1,2-B3auMoNeCTBUH
Mexay cocenHumu aroMaMu. C JIpyroil cTOpPOHBI, B3aUMOJAEHCTBHE
«4epe3 IPOCTPAHCTBOY» CHJIBHO 3aBUCUT OT PACCTOSHUS MEXIY B3a-
HMONEHCTBYIOMIMMH (GparMeHTaMH ¥ U JITHHHBIX HErHMOKHX Lerel
cTpeMHTCA K Hyn0. Hipke npHUBeAeHb IPUMEPH! B3aHMOIEHCTBUS Yyepes
JIBE WK TPHA O-CBS3U:

Hepe3 fige CBA3M '49P93 TPM CBA3N
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3.1. BBEAEHHE

BoNbMHMHCTBO OPraHWYEeCKUX PEAKIMIA ABISIOTCS CIIOKHBIMU MHOTO-
CTaAUAHBIMHU IIPOLIECCAMM, COCTOAIIMMU M3 ITOCIIEI0BATENHHOCTH IPO-
CTBIX (3NMEMEHTAPHBIX) PeaKIuil. DTH dIEMEHTAPHBIC PeakiHd OOBIUHO
JlenAT Ha Tpu Kareropud. K mepBoit Kareropmu OTHOCSTCS pa3THUHbIE
u3oMepuU3AYUY U NepezpynnuposKi, B KOTOPEIX H30MeEP A IIEPEXOIHT B
usomep B: A=B

Bropas xaTeropus BKIIOUAET peKoMOUHAYUIO MOIEKYIT HIIH HOHOB A
u B unn duccoyuayuro monexynst AB Ha ¢parments A H B:

A +B — AB — pexoMOuHaIuA,
AB — A+ B — gucconanuys.

Haxkonen, k TpeThbeil kaTeropu oTHocATCS OMMOJIEKYIIAPHEIE TIPO-

[IeCChl 3aMelIeHA:
AB+C — A+BC.

BonpIIHHCTBO M3 NMEpeYNCIIEHHBIX KaTerOpHi peaKiuil (KpoMe HeKo-
TOPEIX BHAOB HM30MEDH3ALHH Y TPOLIECCOB NUCCOLHAIMH) HAYHHA-
€TCs C BO3HMKHOBEHUS BHYTPH- HJIM MEXMOJECKYISIPHBIX JAOHOPHO-
AKUEeNTOPHBIX B3aUMONCHCTBUI; AUCCOHAIINA HAUYWHAeTCA ¢ ocnalie-
HHS TOHOPHO-aKLENTOPHOIO B3auMOonencTBus Mexay A u B, cymectso-
BaBHiero B Moiuekyne AB po peaxiuu. B pazgene 2.3.2 1. 2 MBI yike
VIIOMHUHAJIH, 4TO B JIOCHOPHO-aKUENTOPHOM KOMIUIEKCE aKIEITOPHYIO
MOJEKYly MOXHO paccMaTpuBaTh KaK KHUCHOTY, 8 JOHOPHYIO MOJIEKY-
JIy — KaK OCHOBAHHE, U CJIEIOBATECIbLHO, 00pa30BaHHE ITOT0 KOMILIEKCA
COOTBETCTBYET HEHTpalM3allii KHCJIOTHl OCHOBaAHHMEM. TOYHO TakK Xe
00y YCTOHYUBYIO MOJEKY:IY MOXKHO PacCMaTpUBATh KaK NPOJIYKT CO-
eIUHEeHUs! IBYX (PparMeHTOB: KUCIOTHI M OCHOBAHHSA, H €CIIH B PCAKIIMK
MPOUCXOMUT AUCCOLUHANMA Ha dTH (parMEHTH, TO, [0 CYIIECTBY, 3Ta
pEeaxIus ABIIETCH IPOLECCOM, OOpaTHEIM PEaKIIMH HEHTPATU3ALHH.

Hcropus BOZHUKHOBEHHUA U Pa3BUTHA MPEACTABICHHH O KUCIOTHO-
OCHOBHOM B3aHMOJIEHICTBUH KaK OCHOBE XHMMYECKHX peaKiHil Hacuu-
teiBaeT Oosiee 300 net. B XVII B. P. Boiine cudTall, 4T0 KHCIOTH — 3TO
TENa, ATOMBl KOTOPBIX MMEIOT OCTPBIE€ BBICTYIIBI (IIOITOMY OHH HMEIOT
KHCJIBI BKYC), 8 OCHOBAHMsI — 3TO T€Ja, aTOMBI KOTOPBIX UMEIOT MOPHI
(BSOKYIMH BKyC), M peakiius HeHTpaliu3aliMi CBOOUTCA K TOMY, UTO
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BBICTYITBI KHCJIOTHL BXOIAT B nophl ocHoBaHuA. B XVIII B. JlaByasse
B TOYMCKAX «KHCJIOTHOM CYIIHOCTH» BEINECTB IIPHUIIET K BBIBOAY, UTO
B KHCJIOTaX 00s3aTENbHO IOOMMKEH comepxkarbes aneMeHT O (orcronma
PYCCKOE Ha3BaHHE IIEMEHTa «KUCIOpoa», HeMenkoe Sduerstoff u . 11.).
Ho JI3BH, B TeyeHue 15 JIeT MCKABUIMM B COJAHOM KHCIOTE KHCIO-
pon, crporo nokazana, uro B HCl kucnopopa Her. B xonme XIX u
Hadane XX B. TOCIOACTBOBAJIA IEKTPOXUMHUYECKAs TEOPUsl KUCIOT U
OCHOBaHHMH AppEHHYyCa H CYUTAIOCh, YTO CYIIECTBYET TOIBKO OJHA
KHCJIOTa — MPOTOH, H TOJILKO OIHO OCHOBaHHE — I'MAPOKCHIIBHBIM aHHOH,
a OCHOBHBIE CBOFICTBA TAKUX MOJIEKYI, Kak NHj;, MOXXHO OOBSICHUTE TEM,
4TO IIPH PaCTBOPEHHH B Bojie obpasyrorcs nonst OH™ u NHj.

B 1920-x romax mpakTHUYecKH OAHOBpeMeHHO JIniouc u bpesncren
BBELABHHYIIH CBOU TEOPHH KUCJIOT H OCHOBAHHH, KOTOPHIMH B HAaCTOsLIEE
BpeMs MONIB3YIOTCS IIPAKTHIECKH Bee XUMHUKH. B 1960-x rogax ITupcon
noroyHWI Teopud JIbfonca W bpeHcTena, NpPemIOKHB HCITOIb30BATh
[IPEJICTABIIEHUS O (OKECTKMX» U «MAIKHX» KHUCIIOTaxX H OCHOBaHHSX.
DTH TpeacTaBieHHs XOpoio 00OCHOBaHBEI KBAHTOBOH XHMHEH; TaKUM
06pa3oM, YHCTO XMMHYECKHE IOHATHS «KHCIOTa» H «OCHOBaHHE» B
HACTOAIIEE BPeMs MOTYYHIH (HU3MIECKOE CONCPKAHUE.

Ocrosanue Jlvtouca — 310 MoneKyna (M4 aHHOH), KOTopas AB/IAeTCA
IOHOPOM 3IeKTpOHHOM napel. Kak nmpasuiro, B 06pa3oBaHHU KOBaJIeHT-
HOH CBA3M C APYrofi MOJEKYIOH (MM KaTHOHOM) IIPHHMMAET y4acTHe
HecBsI3bIBalONIas (HENOAeICHHAas) llapa JIEKTPOHOB OCHOBaHHA. [Ipy-
ras MOJeKyna (WIM KaTHOH), ¢ KOTOpoiH o0pa3yeT CBs3b OCHOBaHHE,
ABIAETCA AKUENTOPOM JIICKTPOHHON Maphkl M HAa3bIBACTCA KUCAOMOU
Jlvrouca. O6bIYHO KHUCHOTH JIblOHCa HMEepBOHAYAILHO HMEIOT HA JBa
3MEKTPOHA MEHBIIIE YHCIIa, COOTBETCTBYIOIIETO 3aOJIHEHHOM BaleHTHOM
obonouke (6 Bmecto 8). Huke npusenensl npumeps! JIBIOHCOBBIX
KUCIIOTHO-OCHOBHBIX PEaKIIH:

OCHoBaKMe KuchoTa NPOAYKT HEUTpanU3IaLmu
9 o
(CHs)0 + BF; _ (CH5) 0—BFy ,
AM3THN0BLIA TPEX(TOPUCT Ik 3UPaT TPEXPTOPHCTORO
agpup Gop Gopa
o
Fe + SbFs _ SbFg
)
2 + ALCL — I AT
N "
nMpHaMH TUPY AAHHIAT PAX NOPANIOMMHAT
& g
(CH3),N + B(CH;), — (cH;),N—BI(CHy);,
TPMMETMAGMUN TpumeTunbop TPUMETUNGMMOHKATPUMETIN—
6opar
Br® + CHHE® = CH4HgBr
Me"(ri;?g";m METUAMEPKYPGpOMUA,
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Ilpu ananu3e BO3MOXKHBIX IyTedl peakIWd MHOTAA OBIBaeT IIONE3HO
MBICIICHHO JI€NHTh MOJIEKYJIy Ha IBa (parMeHTa, OAHH H3 KOTODBIX
SIBJISIETCS] KUCJIOTOM, a Apyroit — ocHoBanueM Jlptonca. Takoe reteponu-
THUECKOE pacceueHne MOIEKYII He 00s3aTensH0 O6yNeT COOTBETCTBOBATE
B ACUCTBUTEIHLHOCTH IIPOTEKAIOIIEH XUMUUECKON peaKlMH, O[HAKO U3
HEro MOXKHO BBIICHHUTD, U3 KAKHX KUCIOTHBIX H OCHOBHBIX (pparMeHTOB
B [IPUHIMIIE MOXKHO COCTaBUTh JAHHYIO MOJICKYILY:

Monexyna xucaoma Jlvrouca ocrosanue Jlviouca
(CH;);COH  — (CH3);C® + OH®
mpem-GyTanon mpem-6y THIBHELT

KaTHOH
(CH2)3COH — H® + (CH3)3 CcOo®

mpem-0y THIIATHBINK

AaHHOH

CH;CO0®  — CO, + CHY
e o METHJIbHBIE aHMOH

(CH3 )zs —-BH; — BH; + (CH3 )»S
(CH;),S - 2CHY + S2e.

JI100y10 CIOKHYIO MOJIEKYITY MOXKHO paccedb Ha pazHhle PparMeHTHL.
HexoTopsle MOEKy/IIpHBIE (parMeHThl, HAllpUMep alKUIBHBIE TPYIIILI
HJIH TaJIOTeHBI, MOT'YT OBITH MITH KHCIOTaMH WIH OCHOBaHMSIMH JIbrouca,
B 3aBHCHMOCTH OT 3allOTTHEHHOCTH NEKTPOHAMH HX BaJCHTHHIX 000-
JoueK. JTO CBA3AHO C HaIlpaBJIEHHEM IeTepoiid3a NpH IeHepHPOBaHHHU
(parMeHTOB, HAaIIPUMeED:

KMCSI0Ta 0CHGBaHue
(CHhc-C —— () ®  + o
0 0°®
Br
_— ((Br@)) +
2-6pom- eHOART- UOH
YUKNOTEKCAHOH LUK /10T eKCaHOHa

OmnpenendB KUCHOTH JIBIOHCA KaK aKUenTopbl IEKTPOHHOHR Haphl,
MOKHO IIPMHTH K BBIBOAY, YTO TaKHX MOJIEKYJ] HOKHO CyIIECTBOBATH
OrpoMHOE MHOXeCTBO. K HUM IGJIKHBI OTHOCHTHCS KATHOHBI METAJLIOB,
OpraHM4eCcKHe KaTHOHHI (Hanpumep, -Bu®), neiirpanbhsie cony MeTal-
noB (ZnCly, AICH; u T. 1), MeTamtopranndeckie coequHerns (RMgX,
R4Sn), coenunenus 6opa (BF;, BH;, R;B)u T n.

BonpmmaCTBO KHCHOT Jlptomca npenctaBinsioT coboil MHOTOBIIEK-
TPOHHBIE MOJIEKYJIBl WJIM KATHOHBI, OJHAKO [IPOTOH, KOTOPBIA TaKxke
OoTHOCHTCH K kucmoram Jlplouca, HE UMEET HHM OZHOTO 3JIEKTPOHA.
KpoMme TOro, mpoToH OYE€Hb Mal IO pa3MepaM H, CIEeHOBATEIBHO,
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crocofeH oueHb OBICTPO BUrATHCH, T. €. KUCIOTHO-OCHOBHBIE PEAKIUH
¢ y4acTHEM MPOTOHA YaCTO MOTYT UATH O4eHb ObICTpO. TakuM obpasom,
MPOTOH CpeJd KHCIOT AOJDKEH 3aHuMarh ocoboe Mecto. Brinenenwue
MPOTOHA M3 BCeX KUCIOT JIblouca oOyCIIOBIEHO TaKkKe U ero ocoboi
POJIbIO B OPraHMYecKo XuMHH ¥ OHOXUMHH. B 3TOH ¥ nmocnenyromux
maBax Oy#eT HmpHBENCHO MHOXECTBO NMPUMEPOB, [TOKA3BIBAIOIIMX, YTQ
OYeHb 4acTO OPraHUYECKHE PEaKUMH BKJIOYAIOT CTaJUH IepeMelie-
HUS TNPOTOHA BHYTPH ONHOH MOJIEKYJIBl HJIM OT OIHOH MOJEKYIIBI
K JApyroit (Hanpumep, K Moxekyne pacTeoputens). [Ipoton sBnsercs
TaKke HCKIIOUHTENHHO 3¢ (EKTUBHBEIM KaTalH3aTOPOM MHOTHX peak-
IHH, IPOHCXOIAIMIMX B THAPOKCHICOAEPKAIIUX PACTBOPHUTENAX (BOXE,
CIUPTax, KAPOOHOBBIX KUCIOTAX U T. 11.), HAIIPUMED F'HIPOIN3a IPOCTHIX
U CIIOXKHBIX 3(QUPOB, STEpHOHKANN KapOOHOBBIX KHCIOT, THAPATAI[HH
0JIeHHOB, aNbAONLHOR KOHIECHCAUWH H MHOTUX Npyrux. Ocobas poib
MPOTOHA KaK KUCJIOTHI NIOAYEPKUBAETCS B TEOPHU KUCIOT H OCHOBAHUMN
bpencrena. ImaBHOE OTJIHYME TEOPUU KHCIOT M OCHOBaHUM bperncTena
oT Teopud JIplouca 3aKJIFOHaeTCs B TOM, UTO xucromou bpencmeda AH
SIBISICTCS COEMUHEHHE, KOTOPOE MOXKET BBICTYIATH B KauecTBE JOHOpPaA
[IPOTOHA; aKilenTop nNpoToHa B HaswiBaeTcs ocHoganuem bpencmeda:

AH+B = A®+BH®. (3.1

B ofpaTHoit peakuuud ocHOBaHHeM sBaseTcs AC, a kucnoroit BH®,
103ToMy A® Ha3BIBAIOT CONMPSDKEHHBIM OCHOBaHHMEM KHCIOTH AH, a
BH® — conpsxeHHo# kucaoToi ocHoBaHus B.

B GOMBUIMHCTBE OPraHHYECKUX COSOMHEHHH 00£3aTeIbHO COmep-
xutcs Bopopon. CienosarensHO, 0 KpaHHeH Mepe IOTEHIHANIBHO,
[IOYTH BCE OPraHUYECKHUE COCIUHEHUS ABISIIOTCS KUCTI0TaMU bpeHcrena.
B 3aBHCHMOCTH OT TOTO, C KAKUM DJJIEMEHTOM B MOJICKYJIE CBS3aH aTOM
popopora (O, N, S unu C), paznmuuaror OH-kucaors, NH-kuCIOTHI,
SH-xucaorer, CH-KHCIIOTEI 4 T. 1.

Kucnorst u ocHoBanusg bpercrena MoryT OBITH 3apsOKEHHBIMU HIIH
HeUTpalbHBIMH, HAaIIpUMED:

Kucroma OCHOBaHUe conpadcenHoe conpasicennan
bpencmeoa bpencmeoa OCHOBaHUE xucroma
CH;COOH + CH;0° = CH;COO® + CH;0H
VKCYCHAas KHCJIOTA MEeTHJIAT auerart METAHOJI
(OH-kucnoTa) (OH-kucnora)
H;09 + CH3NH, = H,0 + CH3NHP
METHIaMUH (NH-kucioTa)
H,;S04 + H,O = I’ISO“e -+ H:;OGB
CH;NQO; + C6H509 = CI‘IZZI\IOOe + Ce¢HsOH
HUTPOMETAH deHonAT-NoH AHHOH dbenon
(CH-xucoTa) a1uOpMBI (OH-xucaoTa)

HHTpOMETAaHa
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Ecnu p€axKius KHCJIOTBI C OCHOBAHHUEM 06paTnMa, KaxK KaxXxHas
M3 MIPCACTABICHHBIX BBIIIC peaxunﬁ, TO €€ MOXHO pacCMaTpHUuBaThb
KaK KOHKYPDEHIWK MCKAY OBYMS pa3sHbBIMH OCHOBAHHAMH BpeHcrena
(CH30™ u CH3COO™~; CH3NH; u H;0; H,O u HSO,4; CeHsO™ u
CH,NO, ) 3a obnananue eIMHCTBEHHBIM NPOTOHOM. Torna nonoxeHue
PABHOBECHS 3aBHCHUT OT TOr0, KAKOE€ OCHOBAaHHE B lIaHHOﬁ nape CHiIbHEE.

3.2. KMCJIOTBI 1 OCHOBAHMA JIBIOUCA

Cuna kMcior ¥ ocHoBaHMH Jlpionca ompeaensiercs KOHCTaHTOH
paBHoBecHs K o6pa3oBaHus NMPOAyKTa HeHTpanuzanud AB:

A+ B & A¢-_B&
KHCJIOTa OCHOBaHHE NPOAYKT Hex‘&Tpa.nusaunn
_ [AB]
[Al[B]

B 6peHCTENOBCKUX KUCIOTHO-OCHOBHBIX PEaKIMsAX OCHOBAHMS BCETZa
KOOPIMHHUPYIOTCA ¢ IPOTOHOM. Ecnu e naHHag MONeKyla MIIH aHHOH
KOOpPAMHUPYETCS C OTHOH H3 MIIIMOHOB BO3MOXHBIX KHcHOT JIbtouca,
TO 3Ta MOJIEKYNa WIIK MOH Y)XKe CUUTaTCa ocHOBaHueM JIbrouca. Takum
00pa3oM, OCHOBHOCTE 110 BpeHcTeny MOXHO ONPENe/IUTh KaK YaCTHBIH
ciy4aii ocHOBHOCTH 110 JIbIOHCY, B KOTOPOM OCHOBaHHA 00pa3yioT CBA3b
C IIPOTOHOM.

Kucnors JIbronca MOXHO pa3fenuTh Ha KIACChl B 3aBUCHMOCTH
OT TOTO, C KAaKuMM arOMOM KHCIIOTHI KOOPAMHHUPYETCs OCHOBaHHE.
Hanpumep, BF; moxHO cuurtars Oop-kuciorToi (B-kucioroif), mo-
CKOIBKY peardpyloliee OCHOBaHWe oOpasyer cBsa3b ¢ Gopom. Korma
mpem-OyTHIBHBIA KAaTHOH KOOPAWHHUPYETCH C XJIOPUA-HOHOM H JaeT
mpem-0yTHIXJIOPU, €ro MOXXHO cuutarh C-kuciaoToid. IOH HUTpOHHA
(NO3) B GonbUIMHCTBE peakuyil AeiCTByeT KaKk N-KHCIOTa U T. I.

(3.2)

/CH3
Kucnors:  BF; (CH3);C®  NOP  CsHs—CLCHs,
JIsronca: Og
B-xucnora C-KHCIOTA N-kucJIoTa O-kucaoTa
CH,

Kucnotst bpencrena: CH3;NO, CH3NH§9 CgHs—C—OH
CH;
CH-kuncaora  NH-kuciaora QOH-xucaora

Cuna ocHoBaHus B, onpenensemasi KOHCTaHTOH PaBHOBECHS B YpaB-
HeHHuH (3.2), eCTECTBEHHO, 3aBUCHT OT IPUPOABI KHUCIOTH A. DTO CBi-
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3aHO ¢ TEM, YTO SHEPTHS B3aHMOJEUCTBHS 3aBHCHUT OT OTHOCHTEILHOIO
nostoxxenuss ypoHeH B3MO ocnoBanusg u HCMO xucnotsl (pasm.
2.3.4, . 2), a MOJIOXKEHUE 3TUX YPOBHEH CBA3aHO C ICKTPOOTpHIA-
TEJILHOCTHI0 NAaHHOTC DJIEMEHTa. 1ak, CHIa OCHOBaHUWH B PEaKIUH C
C-xuciroramu (kapOOKaTHOHaMH) Ha3bIBA€TCA OCHOBHOCTBIO 1O YITIEPO-
Iy, B peaxuud ¢ BF; — ocHoBHOCTEIO ITO 60py U T. 1. CnenyeT 0XXHAATh,
4TO OCHOBHOCTB, HAPHMeEp MO YIVIEpOay, JUIsS AaHHOTO OCHOBAHHMSA HE
Oyner nmocrosnuo# ans Becex C-xkucnor; K B ypaBHeHuM (3.2) nA0mKHa,
MOXeT ObITh, U B HeDOJIBIION CTENeHH, HO BCE e M3MEHATHCH NPH
HU3MEHEHMH KapOOKAaTHOHA, C KOTOPHIM KOODIAMHHMPYETCs OCHOBaHHE.
CnenoBaTenbHO, HY)KHO pa3iudarb U OCHOBHOCTH IIO CH;, CeHz,

:
(C¢Hs);C*, CH3—C=0u . n.

AHaNOrMYHO KHMCI0TaM, ocHoBanua JIprouca (U BpeHcrena) MoxHO
Kiaaccuuuuposarh kak C- (manpumep, CN7), N- unmu O-ocHOBaHUSA.

[ns opramuueckoil xumuH Haubojee BaKHOE 3HAYCHHE HMEIOT
C-KHCIIOTHI, T. €. KapOokaTHoHsL, 1 C-0CHOBaHUA, T. €. KapOaHHOHBI. JTH,
KaK MpaBHIIO, HecTaOMiIbHBIe 9acTHIBI 00pa3yloTcs B KayecTBE MHTEP-
MEJHaTOB BO MHOTHX PEakUusixX U OyayT noapob6HO paccMaTpHBATHECS B
MAaHHOM ¥ MOCJEAYIOIINX [TIaBax.

3.2.1. )XXECTKHE 1 MATI'KHE KUCJIOTBl H OCHOBAHUA

Onpeaenenys ocHOBaHHI 1Mo JIpioHCy (JOHOPEI 3MIEKTPOHHOMH Napht)
H bpencreny (axuemropsl MpOTOHA) IO CYTH JeNa CHHOHUMUUIHEL
UYro e Kacaercss KHCIOT, TO B TeopHH bpeHcTeaa Kk HHM OTHOCHTCS
TOJBKO NOHOPBHI MIPOTOHA, B TO BpeMs Kak B Teopuu JIpromca KHc-
7I0TOH cumraercs dioboe anekTpoHoAeUUNTHOE coeauHenue. CaMbIM
cepbe3HBIM HeynoOcTBOM TeopuH JlbioHca SBISETCA TO, UTO €€ HENb3d
MOCTaBUTH Ha YHUBEPCAILHYIO KOTWMYECTBEHHYIO OCHOBY. JlIs KucaoT
¥ ocHOBaHHH bpeHcTena cymecTByeT ofHa mikaia (mkama pKy; cM.
pasn. 3.3), xapakTepu3yronias CpOACTBO OCHOBAaHHI K MPOTOHY, TOTHA
KaK 1Sl KHCAOTHOCTY H OCHOBHOCTH JIBIOMCa MOXHO CO3[aTh OTPOMHOE
MHOXECTBO IIIKaJI, KOTOPBIE, K COXaJIEHUIO, He OyyT COrmacOBaHHBIMH
onHa ¢ npyrod. TeM He MeHee M B KHCIOTHOCTH Jlbronca MOXHO
HalTH 3aMedaTesbHble 3aKOHOMEPHOCTH. B XMMHUU KOOpAMHALIMOHHBIX
COCIMHEHHH YXe J@aBHO OBLIO M3BECTHO, YTO BCE METalUlkl U BCe
OUTaH[bl 110 CKIOHHOCTH COEIMHATHLCS APYr ¢ APYTOM JAENATCS Ha IBe
GOMBIIHE TPYNIBLI. AMMHAK, BOJa ¥ aHHOH FO CHITbHO KOMIIIEKCYIOTCS C
KATHOHAM¥ MIETOYHBIX H MIET0YHO-3eMEIBbHEIX METAaJUIOB, HO citabo —c¢
KATHOHAMH TDXENbIX Meramno tuna Hg? wm Pt Jlns docdunon
(R3P), cynedunor (R,;S) u MoHOB TspKenbix ramoreHos (I, Br7)
cutyanus oOparHas: 3TH JMTaHAbLl 00pa3yloT MNpPOYHBIE KOMIUIEKCHI
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C KaTHOHaMH TAKEIBIX METALIOB (cTapoe HaspaHue THONOB RSH —
«MEPKANTAHBD) — IIPOUCXOJUT OT JATHHCKOrO COrpus mercurium cap-
tans, T.e. «Teno, JoBsmee pryTe»). Jpyrumu ciaosamu, Hg?' kak
kuciora Jistouca crnabee Mg2+, €CJIM B KaueCTBe OCHOBaHHA B3ATh H, O,
HO CHIIbHEE, €CIIH B Ka4eCTBe OCHOBaHUA BrIOpaTh R;S.

PazbopuuBocTs kucIoT JIptouca B BEIOOpPE OCHOBAHUM, C KOTOPBIMH
OHHM INPEINOYHTAIOT CBA3LIBATHCH, HMEET IIO-HACTOSAIIEMY BceoOlee
sHayenre. Fuie bepuennyc 8 XIX B. obpartun BHHMaHHE HA TO, 4TO
HEKOTOpbie MeTasulbl, HanpuMmep Al, Mg u Ca, Bcerna BCTpedaroTcs B
IIPUPOZE B BHJIe KapOOHATOB MIIM OKCHUJIOB, TOLAA KaK Apyrue MeTalllsl,
Haripumep Cu, Pb u Hg, 06B19HO HaxonsaTca B BHAE CYAL(UIOB.

J1s OOBACHEHHSI THX © MHOXKECTBA JPYyrux nogobueix HabmoneHuit
B 1963 1. IIMpCOH NPEIOKUI HPUHYUN IHCECMKUX U MAZKUX KUCAOM U
ocnosanun (npuauun JKMKO), koropslit ¢ Tex nop Hamiesl HIHPOKOE
MIPUMEHEHHE B OPTaHUYCCKON XHUMHH,

C 1954 r. u3BecTHO ypasgHeHue 3068apca, KOTOPOE CBA3BIBACT MEXIY
co00i IPOTOHHYIO U JILIOUCOBCKYIO OCHOBHOCTH!

logK /Ko =aP+bH,

roe K — KOHCTaHTa paBHOBECHS PeaklMu ocHOBaHus B ¢ xucimotoit A
(ypaBuernue (3.2)); Ko— KOHCTaHTa PaBHOBECHS PEaKIU¥ OCHOBAHHS
H,O ¢ xucnoroit A; P — nonapuzyeMocTs ocHoBaHus B; H — oTHOCH-
TeAbHAsA MPOTOHHAS (OPEHCTENOBCKAass) OCHOBHOCTH 3TOI0 OCHOBAHUA,
T. €. KOHCTAHTa AMCCOUMANUK CONPSDKEHHOH eMy KucnoThl BH™, nenen-
Has Ha KOHCTaHTy muccondauuu HzO™ B Bome; a M b — sMIIHpHYECKHe
KOHCTAaHTHI, 3aBHCAINME OT IPHPONLI KHCIOTH A. M3 yparHeHus On-
Bapca CIEOYeT, YTO Ha peaKIMIo KHUCIOThI A ¢ OCHOBaHHAMH Jlbiouca,
00TaJalolI¥MH BBICOKOH ITPOTOHHOH OCHOBHOCTBIO, BIMsieT INIaBHBIM
obpazom mapamerp H, XapaKTepH3YIOIHMH TaKyl0 OCHOBHOCTb, a peak-
Ut OCHOBAaHHH C HU3KOM IPOTOHHOM OCHOBHOCTBHIO CBsi3aHa B OCHOBHOM
C MONSAPU3YEMOCTBIO P OCHOBaHMA.

OcHoBanue JIprouca Ha3pIBaE€TCA MAZKUM, ECTTH €0 TOHOPHBIA aTOM
nerko nonsapusyeM (Oonpiias BeWdpHA P B ypaBHeHMH OaBapca).
JIOHOPHEIIH aTOM JicecmKxo20 OCHOBaHUS TPYIHO OMSIPH3YEM, H IIO3TOMY
peaxkHOHHas CIIOCOOHOCTh TAKOI0 OCHOBAHUS OIPENEIAETCS INIaBHBIM
006pa3oM €ero MpOTOHHOH OCHOBHOCTBIO (/ > P). JloHOopHBIH aToM
MATKHX ocHoBanuit (S27, Et;P) uMeeT cileyiomue 9epThl, CBA3aHHBIE C
BBICOKOH HOJAPH3YEMOCTHIO (CM. pasn. 2.1.2, rir. 2): Gonblune pa3Mepsl,
HU3KYK) CTEHEHb OKMCICHMS, HU3KUH IIOTEHIMAl HOHM3aLMu (HUIH
SNEKTPOXUMUUYECKITH IOTEHIHAT), HU3KYI0 31EeKTPOOTPHIATENHHOCTE,
JETKyr nehOopMHPYEMOCTE BaJIEHTHOH 060104k, XecTkrue 0CHOBaHUA
(OH®, F°) HMeKT JOHOPHBI aTOM MajblX Pa3sMEPOB C BHLICOKHM

202



MOTEHUUAIOM HOHM3AIMH WU TPYOHO AePOPMHPYEMOH 3IITEKTPOHHOH
060109KO.

KarioHBl HIETOYHBIX M LIENOYHO-3€MENBHBIX METAUIOB 00pa3yroT
foniee TMPOYHBIE CBA3M C JXKECTKHMH OCHOBAaHHMAMH, M IIO3TOMY HX
ClielyeT CUHTaTh dcecmkumu Kucnomamu Jlvtouca. VOHBI THXKENIbIX
METaJUIOB, CJIEHOBATEIBHO, HY)KHO KITaCCH(PHIIMPOBATh KaK MAZKUE KUC-
aomat JTvrouca. JIrobas kucnota JIblouca, MposBIISIONas CKIOHHOCTE KO-
OPIUHUPOBATHCA C )KECTKUMU OCHOBAHUSMU (HAaIIpUMep, H*, Li", Mg2+,
BF3), fABAAETCA KECTKOW KHCIIOTOH; TaKuHe KHCJIOTHI HMEIOT YepTHl,
CBSI3aHHBIC C HU3KOH NOJSPH3YEeMOCTBHIO: HEOONbINE pa3Mephl aKien-
TOPHOTO aTOMa, BEICOKHIA ITOJIOKHUTENLHBIN 3apsA], BHICOKMH MOTEHUHAN
HOHH3ALHH, TPYAHO AedopMHPYEMYIO BaJIEHTHYIO 000109Ky. B Msrkux
KHCJIOTaX JOHOPHBIH aTOM MMeEET OOJIbIIHE pa3Mepbl, HeOONbIIoH HiH
HYJIEBOH ITOJNIOXMTEIBHBIH 3apsll, Jerko ne(opMUpyeMBbIe HIH JIETKO
yoaisemsle (4acTo ¢ d-ypoBHEi) 3JIeKTpPOHBI H T. A., B 0o0lieM, Bce
CBOMCTBA, CBA3aHHBIE C BEICOKOH MOJISPU3YEMOCTHIO.

Tlpunyun JKMKQO dopmynupyercs cleayonmm obpa3oM: scecmkue
ocHosanus JIbiouca npednoyumarom KOOPOUHUPOBAMBCA € HCECMKUMU
KUCTIOMAMU; MAZKUE OCHOBARUA — C MAZKUMU KUCIOMAMU.

Jenenue KHUCIOT M OCHOBAaHHM Ha MSTKHE M 3KECTKHE HE SBJISETCS
HH aOCONIOTHBIM, HU PE3K0 pasrpaHudeHHbIM. [1oCKOIBKY XKECTKOCTB
H MATKOCTH SIBISIIOTCS CPaBHHTCNBLHBIMH Ka4eCTBAMH, CYIISCTBYIOT
KJIACCHI KHCIIOT ¥ OCHOBAHMIA, HMEIOIIHE TOrPaHHYHbIe cBOHCTBA. Heko-
TOpPHIE MATKHE OCHOBaHHs 06MaNaloT BHICOKHM CPOJICTBOM K IPOTOHY
(XeCTKO# KHCIIOTE); IPUMEPOM SBJIAETCS HOH S°~, KOTODHIH, OHAKO,
ocaX/aeTcs HOHaMU Meld Hu cepebpa (MArKHe KHCIOTHI), HO HE Oca-
KOAETCsl MOHAMH Kejie3a W alIOMHHHS (3KECTKHE KHCIOTHI). Msrkue
KHCIIOTHI He ofs3aTenbHO 00pazyroT Ooiee craOMNIBHBIE agayKTH ¢
6onee TaxenbIMH (6omee Markumu) anemeHtamd V-VII rpymm, xors
JKECTKHME KHMCIIOTHI BCErna IpeNllOYHTAT KOOPAHUHHPOBATRCA C Dolee
JerkuM 3neMeHToM. OJHAKo B LEJIOM XECTKOCTh OCHOBAaHHH yBEIH-
yygBaeTcs B rpynne IlepHomndeckod CHCTEMBI CHH3y BBEPX, HAIpPH-
Mep:

I° < Br° < CI° < F°.

B H30371€KTPOHHBIX CEPHIX OCHOBaHHMH JKECTKOCTH BO3PACTAET B [IEPHU-
oJie clIeBa HANpPAaBO:

NH; <OH™ <F~.
KecTKoCTh KMCITIOT B IPyIIax MEepHOTHIECKOH TabIuIB! BO3pacTaeT
CHHU3Y BBEPX, HAPUMED:
Li">Na">K", Zn* >Cd* > Hg”".
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Kiaccuduxanus KHCIOT H OCHOBAHHN 11O KECTKOCTH U MATKOCTH
naercs B Tabm. 3.1.

Ta6bnuua 3.1
KauecTBeHHOe JejieHHe HA KeCTKHe, IPOMEXYTOUHbIE M MATKHe KUCJIOTHI K
OCHOBAHUSI
Kucnotsi OcHOBaHUs
Kectkue
H', Li*, Na*, K*, Mg?*, Ca®, H,0, OH™, F~, CI7, RCOO™,
AP, CP*, Fe*', BF;3, Mes, Al PO;~, SO, ClO;, NOy, ROH,
AlCl3, SO3, RCO, CO, R0, RO™, NH3, RNH2, N,H,4
ITpomexyTouHbie
Fe*', Cu®, Zn™, SO, RsC”, BRy, PhNH,, Nj, Br™, SO},
NO* AHPHAHH
Mirkue
RHal, ROTs, CH;, RCH;, Cu', Ag’, RSH, R,S, RS™, HS™, 827, 1™,
Hg?*, CH3Hg', BH;, xuuonst, SCN™, CN7, S;0;, R;P
MeTawst (O)
Br', I, HOY, By, I CH,=CH,, 6eunzon, R—, H™

3.2.2. TIPUHMEHEHHUE NNPHHITHUIIA KMKO

Oprannyeckue peakuuy. I[IpounmocTpupyeMm, KakuM o0OpazoM
nausbie Taba. 3.1 MOMKHO MCIIOJIB30BATh VIS IPEACKA3aHHs IONOKEHHS
paBHOBecHs. MeTaHoN U MeTHIHOAKA GOPMATLHO MOXKHO NPEACTABUTE
KaK NpPONYKTHl HeHTpamusaluu Msrkod kuciotsl CH; ocHoBanmsMu
OH™ (xectroe) u I~ (markoe). Torna Ha ocHoBaHKH npuHIHIa XXMKO
MOXHO «IIPeJICKa3aThy», YTO B PEAKIMM METaHOoJNa ¢ HOXOBOROPOJOM
paBHOBECHE IOJDKHO OBITH CIBUHYTO BIIPABO, TaK Kak IPH 3TOM 00pa3sy-
FOTCA CBSI3H, COOTBETCTBYIONIME B3aHMOAEHCTBUIO «MATKHII— MATKHID
M (OKECTKHI — KECTKHI.

CH,—OH (ras)+H—I (ras) — CH;] (ras)+ H—OH (ras),
M—3K K—M M—M KK
_ [H:0][CH;1]
[HI][CH30H}"

W neiicTBHTENHEHO, KOHCTAHTA PaBHOBECHA oueHb Bemuka: K ~ 10° npu
25°C.

B npyroii, npuBeae HHOHN HMKE peaKLHH IPOHCXOJUT ITEPEXOA alliib-
Horo katuoHa (CH;C=O0, xectkas KHCIOTa) OT MATKOTO OCHOBAHHS
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RS~ k xecTkoMy ocHOBaHHIO RO™ M II03TOMY paBHOBECHE «HOIKHO»
ObITH CABHHYTO BIIPABO:

) 0
Vs
CH—C/< +RO® = CH;C7  +Rs®
SR x OR
K—M K —K

W meiicTBUTENBHO, SKCOEPUMEHT ITOKa3bIBAET, YTO THODX(UPHI OYEHL
JIETKO pearHpyioT ¢ BOIOH M CIIMPTaMH B clIabOLIENOYHOl cpene.

[Tpuapn XKMKO mupoxo npuMeHseTcss B OpraHMuecKoi XUMHUH, U
MbI OyIEM €ro HCIONB30BaTh B IMOCIENYIOIIMX [vIaBax 3Toi kHuUrH. Ha-
[IpUMEP, 3TOT MPUHIUI OYEeHb IOJE3EH [IPH OMHCAaHUHU NyTeH peaKiuH
y aMOHMIEHTHBIX HYKJICO(hHUIOB, KAKOBBIMH SBISIFOTCS €HOJNAT-HOHBI, C
aneKTpoOHABHBIMH areHTaMu (1. 17):

1 0 0-R
e 4 opx X2, ] !
\ =X ——
7 e 7 CH-R AN
EHONAT-UOH I

a TakKe aMOMIEHTHBIX IeKTPOdUIIOB, HATIPUMED «,3-HEHACHIIIEHHBIX
KapOOHMIBHBIX COEMHEHNH, ¢ HyKreodmnaMH (. 16):

] w20
« 0 o f/N\T/’
ﬂ,4¢‘\T49 4+ Y — 44’\1£?Y + M R
R

R
BUHANANKWNKETOH

B nepBoM ciydae B €HOJIAT-HOHE YIIEPOMHBIH HYKIEO(UIBHBIN [IEHTP
MSArde, 4eM KHCIOPOIHEIHM, U MO3TOMY BBIXO POIYKTa aIKWLTHPOBAHUI
[0 YHIepOAy BEIIIE, €CIIH «KHUCIOTHAA 4acTh» Aekrpoduia R—X (t.e.
R") smnsercs Gonee Msarkoi kuciotoil Jlptorca. Bo Bropoif peakuuu
yeM MsIrde HykieodHna Y, TeM BBIIIE €0 CPOACTBO K Oojee Msrko-
My B3IeKTPoGHILHOMY IEHTPY — (3-YTIIEpOIHOMY aToMy, a He K Gosee
XecTkoMy KapOoHuny. [1o3ToMy AT MATKHX HYKJI€O(hHUIOB BO3pacTaeT
ponb npucoenuHeHusa no F-atomy C=C-cBa3u (peaxyus Muxasns,; cM.
1. 16).

Cum6H03. Ha KeCTKOCTh U MITKOCTh JTOHOPHOTO M aKIENTOPHOTO
aTOMOB B OCHOBaHHAX M KHCIOTaX COOTBETCTBEHHO OKa3hIBAET BIUSHHE
KECTKOCTh WJIH MITKOCTh 3aMeCTHTelIeH, HMEIOIIMXCS B MOJIEKYIIE ellle
o o0pa3oBaHuA aallyKTa. DT0T 3¢ GeKT MONyYHT Ha3BaHHE «CUMBUO3.
CyTh €ro COCTOHT B TOM, UTO MSIKHE 3aMECTHTENTH ENIAlOT KHCIIO-
Thl ¥ OCHOBAHHA OOJee MITKHMH, JKECTKHE 3aMECTHTEIH JeIaroT HX
Gonee xectkumu. Hanpumep, [Co(NH;)sF]** 6omee crabuien, uem
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[Co(NH3)51]**, mockonbky xectkoe ocHoanue NH; kak Gbl yBeTHUHBa-
€T }KECTKOCTb K0DaIbTa, Jenas ero 0onee CKIIOHHBIM K IPHCOEAUHEHHIO
tTopuna, a He Homuna. C Apyro#t CTOPOHBI, eCiId AMMHAK 3aMEHHTb Ha
msrkuil urang CN™, To crabunsHocTs uHBepTHpYyeTcs; [Co(CN)sI]P~
craburen, a [Co(CN)sF]*~ He cymecTryer.

3.2.3. TEOPETHYECKOE OBOCHOBAHHE
NPUHHMUIIA dKMKO

IepBonavansno npurun JXMKO paccMarpupancs xak cyrybo ka-
4YeCTBEHHEIH TOJIX0/1, OCHOBAaHHBIH JUIIb HA pAlIHOHAIEHOM OOBICHEHUH
pAaa «IOBCEAHEBHBIX HaOMroeHnH». [IUpCOH B CBOMX CTaThAX yOexaan
HE HCIONB30BAaTh TEPMHH «TEOPHS», a PacCMaTPHBaTh KOHIIEIILIHMIO
JKMKO numip Kak «fI0JN€3HBIA IS XMMHH Ka9eCTBEHHBIH TIPHHITUIDY.
TeMm He MeHee TEOPETUKH BCETNA MBITAIHCH OPHUIATH 3TOMY IPUHIHITY
6onblre GU3MYECKOTO CMEICIA U IIOCTaBHTh €T0 XOTA Obl HA MOITYKOIH-
YEeCTBEHHYIO OCHOBY. bnaronapsa stomy npusiun JXMKO B Hactosmee
BpEMsi MOXKHO OIIHCATh KOJIHMYECTBEHHO.

Jl1s KOMUYEeCTBEHHOTO ONHCAHKS B3AUMONCHCTBHS MEXITY KUCIOTOM
U OcHOBaHHeM JIpioHca BBOAATCS TMOHATHS abCOTIOTHOH XECTKOCTH H
abCOMIOTHOM ANEKTPOOTPHIATEILHOCTH MOJEKYTT. CMBICI 3THX ITOHSATHIT
nosicHeH Ha puc. 3.1. Abcomomnan xcecmxocms (G)—3TO BeNHIHHA
SHEPIreTUYECKON IeTH Mexay rpaHudHsiMH MO Monexy::

G = —[e(B3MO) — (HCMO)].

AbcormomHas anekmpoompuyamenrbHOCmMb MOJIEKYIIHE () XapaKTepHu3y-
€TCsl ONOXKCHUEM CpeHel ToukH Mexay ypoBHaMu HCMO u B3MO:

x = —[e(B3MO) +e(HCMO)]/2.

Yem Oonpire BennumHa (G, TEM MOJIEKyna <oxectde». UYem Ooisrme
BeIHYHHA X, TEM MoJeKyna 0ojee 31eKTpooTpHIlaTeIbHa.

Ilpu B3aMMOIEHCTBHH KHCIOTHL A C OCHOBaHHEM B IpOHCXOIUT
00pa3oBaHKe TOHOPHO-AKIENTOPHOTO KoMiuiekca AB (peaxuus ((3.2)).
MosxHO monaraThk, 4TO IIPOYHOCTH KOMIUIEKca AB, T e. cuna KHCIOTHO-
OCHOBHOT'O B3aHMOJEHCTBUS, OyIeT ONpelefsThCs CTENEHBIO IIepeHoca
3apsana ot B x A. Cmenens nepernoca 3apsada (AN) uMeeT pa3sMEPHOCTb
JONeH 3IeKTPOHa H CBS3aHa ¢ a0COIIOTHOM XKeCTKOCTBIO U a0COIOTHOMH
3NIEKTPOOTPHIATENEHOCTDIO CIENYIOIINM COOTHOILEHHUEM:

AN =(xa — x8)/(Ga t Gg). (3.3)

DTO COOTHOILIEHHE MTOKA3bIBAET, YTO BeiauuuHa AN Oyaer TeM Oomblue,
geM Oolbllie Pa3zHOCTH MEKTPOOTPHIATEIEHOCTEH MEXIY MOJIEKYIaMH
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aHeprus

MNeKTPOHE B BaKyyme

e
B3Mo m

(A) (8) (c)

Puc. 3.1. A6comoTHas XeCcTKOCTh H abCOoMOTHAA IEKTPOOTPHIATENLHOCTS MOJIEKYIL.

Monexyna C marge monekyn A 1 B. Monekynst A ¥ B HME10T 0IHHaKOBYIO JKECTKOCTS,

HO 2JIEKTPOOTPHLATENHLHOCTL MONEKYIb A Golbllle, YeM 3JIEKTPOOTPUIATENLHOCTE
Monekysl B

KHCITIOTHI M OCHOBAHHSA, H T€M MEHBIIE, 4eM OONblie XKecTKOCTh B3aH-
MOIEHCTBYOILIMX MOJIEKYII KHCIOTHI H OCHOBaHUSA.

ITo cMBICTY pa3sHOCTh SIEKTPOOTPHIIATENBHOCTEH IPEACTABAAET CO-
60i1 TepMOIHHAMHYECKYIO JABIXKYIYIO CHIIY TIEpEHOca 3apsijia OT OCHO-
BaHHA K KHCIOTE, 4 CyMMa abCONIIOTHBIX XECTKOCTEH SIBIAETCS MepOH
COTIPOTHBIIIEMOCTH MOJIeKylT A 1 B niepeHocy 3apsja, T. €. CBsA3aHa ¢ X
HOJNSPH3YEMOCTBIO.

B obuiem, oOpazoBaHyie aj{yKTa MeXAy KHCIOTOH U OCHOBaHHEM
JInrouca 3aBUCHT OT TPeX (PaKTopos:

1) opbuTansHOrO B3aUMOAEHCTBUSA, KOTOPOE MOXHO B IEPBOM IIpH-
OMIKEHHH CBECTH K B3aMMOACHCTBHIO IPAHUUHBIX OpOuTaIeil;

2) KyJIOHOBCKOTO B3aHMOIEHCTBHSA, 0COOEHHO CHIILHOTO, KOTHA pea-
TEHTHl UMEIOT IIPOTUBOIIOIOXKHEIE 3aPSbI;

3) UpOoCTpPaHCTBEHHHIX IIPEIISATCTBUI.

IIpu npoBeleHHMH peaKIlMM B PAacTBOPE CYIISCTBYET M HETBEPTHI
(akTop, KOTOPbI 0000IIEHHO HA3bIBACTCH CONbEAMAYUEN.

OpburansHoe ¥ KyJOHOBCKOE B3aUMONEHCTBHS OIHCHIBAIOTCS BBHIPA-
xeHueM (3.3), nockonbKy BenuurHa G CBSI3aHA C DHEpPrUeil rpaHuYHbIX
MO, a BeniuuuHa Y — € 3apAIOM MOJEKYIEL (YeM DOJIbIIe TTOTMKHTEN -
HBIH 3apAl, TeM MOJIeKyaa bonee aeKTpooTpHIlaTeIbHa).

Biusguaue conpBaTanuy OyZleT KpaTko paccMOTPEHO B STOM paslesie
Hmke. Tloka xe Mp1 Gosiee moipoOHO OCTAaHOBAMCS Ha NEPBBIX JIBYX
¢daKTOpax: B3aMMOJIEHCTBHM TPAaHHUYHBIX opburaneil ¥ KYJIOHOBCKOM
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NPUTSDKEHUH, U OyIeM CUHATaTh, YTO IPOCTPAHCTBEHHBLIE (AKTOPHI U
CONBBATAIINA HECYUIECTBEHHEI.

B3aumogeiicreue rpaHu4RbIX opOuraneii. B peakuuu noHopa
3neKrpoHoB (ocHOBaHUS JIploMCA) C AKUENTOPOM 3IEKTPOHOB (KHC-
nota JIblouca) MPOMUCXOAST IMapHBIC B3aUMOACUCTBHS MEXIY BCEMHU
opOHuTaIIMHU JOHOpA M aKUENTOopa, KOTOphie MOAXONAT ApYr APYry IO
CHMMETPHH, HO BCE K€ [IaBHBIH BKJIaJ] B OO0 3HEPIUIO BO3MYILEHUS
BHOCHT B3aUMO/JIEHCTBHE MEXNY epanuyhbimu opbumansmu (pasn. 2.3.6)
B3MO nonopa (ocHosanus) 1 HCMO aknenropa (kucioten). [losTomy
OpH KaYeCTBEHHOM OIHMCAHUM JIIOOOTO0 KUCIOTHO-OCHOBHOTO B3aMMO-
JIEHCTBHSA JOCTAaTO4YHO OTPAHUIMTHCS PACCMOTPEHHEM JIUIIb B3AUMHBIX
Bosmyniernit B3AMO nonopa 1 HCMO akuentopa. Ecnu cpaBHMBarOTCS
JIBE TIapbl; KHCJIOTa— OCHOBaHUE, ¥ DHEPrHS MEKTPOCTaTHUCCKOTO B3a-
HMOIENCTBUA Ul KaXXAOH Iapsl OJMHAKOBA, TO OHNPENCIBIIOIIEH CHIIY
KHCJIOTHO-OCHOBHOTO RB3aHMOJNCHCTBHA OYyNET BHEPrus BO3IMYLICHUS
TPaHUYHBIX OpOUTaIeH.

Ha puc. 3.2 cxeMaTH4eCKH HpeICTaB/IEHbl YEThIPE BO3MOXKHBIX
ciydas B 3aBHCHMOCTH OT B3aHMHOTO pAaclOJIOXEHHS II0 BBICOTE
(oueprun) HCMO xucnorst 1 B3MO ocHoBanus. BrIBoABI M3 3THX
CXEM CHpaBe/UIMBBLI KaK IS 3apsOKEHHBIX, TaK U A8 He3apsKCHHBIX
KHCIIOT U OCHOBaHHUM JIbioHca, NOCKOIBKY B3aUMOAEHCTBHS I'PaHHYHBIX
opOuTaleii cylecTBYIOT HE3aBUCHMO OT TOrO, €CTh OOIINHM 3apsi WIH
HeT. 3 pucyHka BHIHO, 4TO Onaropaps B3aHMOIECHCTBHIO TPAHHYHBIX
opbuTaneit Haubonbas crabuwmzanus komiuiekca AB monydaercs juist
KHCIOTBI ¢ OTHOCHTeNbHO HH3koM sHeprueii HCMO u ocHOBaHus C
OTHOCHTEIBEHO BEICOKOH 2Heprueid B3MO (B3aMMOJEHCTBHE «MATKUH—
Markuiy). B atom coyuae HCMO (A) B3MO (B) 6au3ke 1o sHEpruw,

A AB B A AB B A A-B B A A-B B

—" _/ _/‘—

=X HM=-M M- M-M

Puc. 3.2. Yernipe BOZMOKHBIX CIy4yas B3auMOACHCTBUA FPaHUYHBIX OopOHTaNeH npu
KHCJIOTHO-OCHOBHOM HelTpanusauud (HCMO kucnorer A, B3MO ochoparus B)
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T. €. 3Heprus BO3MYIIeHHs uMeeT Oonplyio BenmuduHy. K kuciaoram c
Hu3koi sHeprueidd HCMO OTHOCSTCS HOHBI TSKENIbIX METAJIOB C ITyCTON
s-opbutansio (Cu”, Ag', Hg?") umu Heifrpansusle Monekyns! (Br,
I, Terpanmanatunern (CN),C=C(CN);), a K OCHOBaHUSM C BBICOKOH
snepruei B3MO — CN—, RS™, R3P, oxcun yorepoma (CO) u . . (T.e.
MATKHE peareHTsl o Tabm. 3.1).

JleBas nuarpamma Ha puc. 3.2 COOTBETCTBYET THUIY B3aUMOIEHCTBHA
«KEeCTKUN—KECTKHIY. 31ech JHepreTudecKkoe paszinunuue mexay HCMO
(A) u B3MO (B) HacTonsko BEIHKO, YTO BO3MYIIEHHE NPH B3aUMO-
IeHcTBHU 3THX opOHTaneil monydaercs oueHb caabeiM. OpOuTtansHOE
B3aUMO/IEHCTBHE HE MOXET 00EeCHEeYUTh JOCTATOYHYK CTaOMITH3AIHIO
KoMIUTekca AB, M €cITM 3TOT KOMIUIEKC HE PACHa/aeTcs, TO TOJBKO
U3-3a TOTO, YTO A M B yIepKHBarOTCS BMECTE 3IIEKTPOCTATUHECKUM
MIPHTSDKEHHEM (CM. HHIKE).

ITocKONbKY DONBIIMHCTBO MOHOB H MOJIEKYN (3a Mckmrouenuem H™,
He?*, Li*" u . n.) umetor 1 B3MO, 1 HCMO (unu COOTBETCTBYIOIIHE
UM aTOMHBIE OpOHTANIH B Clly4ae OHOATOMHBIX YacTHIl), B IPHHIMIIE,
aroboe BemecTBO aMdorepHo. UTOOH OmpeaenuTsh, Kakoe U3 JaHHBIX
COCIMHCHUH OyneT KHCIOTOH, 2 Kakoe OCHOBAHHMEM, HYXHO OLICHHTD
oTHocUTeNbHYIO 3Heprurww B3MO u HCMO s oboux coelUHEHHIH,
NOMHS MPH 3TOM, YTO Haubonee 3PQGEKTHBHO ¢ OOpa3soBaHUEM CBS-
31, OMM3KOM K KOBAJIGHTHOH, pearHpyroT opOuTamu, OnMHM3KHe ApYr K
Opyry Mo SHeprud. s MuTiocTpaiuu OTHOCHTENHHOCTH TEPMHHOB
«KHCIIOTHOCTB» H «OCHOBHOCTBH» paccMoTpuM B3MO u HCMO tpex
THTIOTETUHECKUX MoJieKyd A, B u C B NpOHU3BOIBLHOM WIKaJEe SHEPrHi
(cMm. puc. 3.1). B3MO (B) 3mauurensro 6mmke k HCMO (C), gem
HCMO (B) x B3MO (C), caenoBarensHO, Dosnee BeposATHO, 4To B
noBeJieT cebs Kak OCHOBaHHE 110 OTHOmeHHO K C, a C — Kak KHCIIOTa 10
otHomeHnu:o K B. C apyro# CTOPOHBI, 3JHEPTETHUECKOE PA3THIHE MEXKTY
B3MO (A) u HCMO (C) mensme, vem Mexay B3MO (C) u HCMO
(A), 4 TakuM 00pazoM, C Mo OTHOIIEHHIO K A SABISICTCS OCHOBaHHEM.
Korna pasHocts 3nepruit mexay B3MO onnoit Monekynst 1 HCMO
BTOpPOH MOJIEKYJIBI IPUMEPHO paBHA pasHoCTH »Hepruit HCMO nepBoit
Monekyinsl 1 B3MO BropoH MOIEKynbl, BO3HHKAeT HOBOE SBIICHHE,
KOTOPOE€ Ha3bIBACTCH «O8YCMOpPOHHUM (0Opamubim) cessvieanuem». B
3TOM ciydae oOpa3yroTcsi OYeHb IPOYHBIE JUIYKThI, HO HENb3sS TOYHO
CKa3aTh, Kakas H3 OOpa3yIoUIMX HX MOJIEKYN SBISETCS KHCIIOTOH, a
Kaxas OCHOBaHHeM. /|BycTopoHHee (0OpaTHOE) CBA3BIBAHHE OYEHBb pac-
[IPOCTPAHEHO B KOMIUTEKCAX IIEPEXONHBIX METAJIOB ¢ OpraHHYeCKHMH
MosiexynamMy (m1. 27) ¥ urpaeT OONBIIYIO POIb B NEPUYUKAUYECKUX
npoyeccax (. 25).

JJIeKTPOCTATHYECKOE B3aUMoieiicTBHe. BaaumoseiicTBYE 10 THITY
«MATKHA—MATKHI» MOXHO TPaKTOBATh KaK YaCTHUHBIN TIEpEHOC 3apsia

209



¢ B3MO ocuoBanus sa HCMO xucnoTsl. B 3ToM ciiydae npy B3auMo-
ACHCTBHH MEXAY KHCIIOTOM M OCHOBAHHEM NPOSBIAAECTCH OpOUMAIbHbIU
koumpoae (cp. pasn. 2.3.5, . 2). KynoHoBckoe B3auMozaeicTBue cTabu-
JU3UPYET aJAyKT 38 CUET IEKTPOCTATHUECKUX CHII JaJbHEro NefdcTBHs.
Ecnu anayxr crabuineH MMEHHO H3-3a KYJZOHOBCKOTO B3aUMOJIEHCTBHA,
a opOHTaIbHBIE B3aWMOJIEHCTBUSA WIPAIOT BTOPOCTENEHHYH) DPOJb, TO
TOBOPST, YTO B PEAKIHH IPOSABIAETCS 3apsadosuid koumpons (pa3n. 2.3.5,
1. 2). 3apsamoBblil KOHTPOIb XapaKTepeH [Uis B3aHMOIEHCTBHA IO THITY
«CKECTKMI-—xecTKui» (cMm. puc. 3.2), xorma abCONIOTHBIE JKECTKOCTH
B3aUMOZENCTBYIOMIUX MOJIEKYI BEJIUKH.

Cornachao mpunimy XXMKO, xectkue ocHosanus (OH ™, F—, NH;,
RNH; 4 T. 1.) IPeANIOYHTAIOT PearupoBarh ¢ )KeCcTKiUMH kucaoTamu (H',
Li*, Na*, BF3, AICl; u T 1.). [IpeanoyTHTensHOCTh B3aUMOAEHCTBHUS
CMATKUA~—MSTKUH» TTOHATHA: OHA AB/ISETCH CIEACTBHEM CHJIBHOTO B3a-
umonerctBusg B3MO—HCMO. Ho xak 00BSICHHTD IPEINOUYTHTEILHOCTD
B3aHMOAEHCTBHS «OKECTKUI-—KecTkui»? M3 ypaBuenus (3.3) cruenyer,
YTO ¢ yueToM BeJIHYHH Gp U Gy BBIOOD «OKECTKHI—MITKHIDY, Ka3aII0Ch
Obl, MPEANOYTHTEIBHEE, YEM (OKECTKHH—IKECTKHIM.

OO0BicCHeHHEe COCTOHT B Y4Y€Te CTENEHH B3aUMOIEHCTBHA MEXKIY
B3MO u HCMO B gauHOH MOJEKylIe KHCIOTHI HJIH OCHOBaHHA.
/Kectkoe ocHOBaHWE HMEET 3JJEKTPOHHYIO Hapy Ha HH3KojJexXallied
B3MO; sra mapa oueHb TpymHO nojispusyercs, Tak kak HCMO ocuo-
BaHust pameko or B3MO srtoro xe ocunoBanus. llomspusyemocts—
3TO CTENEeHb Ae(QOPMALHH INEKTPOHHBIX O0JaKOB MOJIEKYIb! MOM BIIH-
SHUEM BHENIHEro MOJId MPHOMHMKAIOMIEHCS MOJEeKYAbl KHCJIOTHL s
Ierkoi npedopMHpyeMocTH Tpebyercss Hanuuue B JaHHOM MOJIEKyle
6musko pacnonoxkeHHbIX B3MO # HCMO, nerko cMemmBarormuxcs
B pe3ynpTare Bo3MylieHus. Eciu mapa Ioxo moiaspH3yeMa, TO 3TO
O3HAaYaeT, YTO OHAa NpouHO yaepxusaercsd Ha B3AMO u co3faeT cuipHOE
3NEKTPOCTATHYECKOE oNe. AHAIOTHYHO, €CIU B KHCIIOTE [TepBas mycTas
OpOHTANE JISKHUT BEICOKO, TO DJICKTPOHEI Ha 3aHATHIX OpOUTATSX TaKKe
IUIOXO TIONSIPU3YEMBI U «IIOTHOCTS ITycToM opOuranu» Benuka. Takum
o6pa3omM, 002 KeCTKUX peareHTa XapaKTepH3yIOTCs HU3K0i noaspu3ye-
MOCTBIO H CHIIBHBIM 3JIEKTPOCTATHUECKHUM [OJIEM.

Ha puc. 3.3 mpuselieHB! 3IEKTPOCTATHYECKAE B3aUMOIEHCTBHS I
YeThIpeX BO3MOXKHBIX CIy4aeB KHCJIOTHO-OCHOBHOM HEWTpalH3aIlHu.
[Ipu CTOIKHOBEHMH MOJIEKYII KECTKOH KHCJIOTBI U JKECTKOIO OCHOBAHMUA
[POMCXOXHUT CHIIbHAsA cTabmimn3auus, ¢ H30BITKOM KOMIEHCHPYIOLIAs
cnabyio cTabumu3anyio, 00yCI0BIEHHYIO B3aUMOIACHCTBHEM IPaHUYHBIX
opburaneii. Eca B peaxiuio BOBIEKAaeTCS MATKMM KOMIIOHEHT, TO
muddysHas (uz-3a 6mmzocty B3MO m HCMO) npupona ero anek-
TPpOHHOH OGOJIOUKH TPUBONHT K YMEHBIICHHUIO 3IEKTPOCTaTHYECKO-
o MPHTSKEHUS] K MPOTHBOHOHY JTO CBSI3aHO C TEM, YTO IOJHAad
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Kucn, KUCA. OCH. Kuea.

- -
Pk

WM W-M M-X

Puc. 3.3. Dnexrpocraruueckoe Bizaumogpeiicteue (no Canemy) B 4eThIpeX BO3ZMOX-
HBIX Clly4asX KHCJIOTHO-OCHOBHOH HeWrpamu3anuy. JIyHKTHPOM [OKa3aHbl «pa3MephD»
HCMO

SHEeprusi IPUTHKEHHs, NponopuuoHansHas 1/R, rme R —paccrosHue
MEXY 3apAAaMH, JOCTUIAeTCs TOJNBKO TOTAA, KOTa HOHHbIE CPEPHI HE
[IPOHUKAIOT APYr B ApPYra, Tak Kak IO 3IEKTPOCTAaTHYECKOH TeopeMe
laycca wacTh OTPMUATEILHOTO 3apsna, KOTOpas HE HAaXOOUTCSA BHE
MOJIOKUTEIBLHOM cdephl, HE OyAeT MCHBITHIBATEH MONHOTO IIPUTSKEHUS
3TOH ChephL

ConbBaranus. B onpeneneHnn CBOHCTB KECTKUX ¥ MATKUX KHCIIOT
¥ OCHOBaHHil OTPOMHYIO POJIb UTPAET pacTBopureib. [lockonbky LiT —
XKeCTKasg KHCJIOTa, Mbl TOBOPHM, YTO €My JOKHO COOTBEICTBOBATH
poicokoe 3HadeHue HCMO. Ha camoM Jniene pacdeT H30JIUPOBAaHHOIO
noHa Li* nmokaseiBaet, 4T0 mycras 2s-opOMTaNb PACIONOKEHA rOpasiio
HUDKE [0 IHEPruH, 4eM opOuTamH OOIBNIMX MO pa3MepaM H IPearono-
KHTEIbHO Oojiee MATKHX HOHOB. [logoGHbM obpasom B3MO nHebGonb-
mux andoHoB (OH™, F7) B razoBoii ¢aze pacnonoxkeHsl 1OCTaTOYHO
BBEICOKO, KaK M CJICHOBAJIO OXKHUAATh, YUUTHIBASI CHIBLHOE OTTaIKHBAHHE
MEXJly 3IeKTPOHaMH, CKOHIIEHTPUPOBaHHBIMH B MantoM obbemMe. Takum
o6pasom, m3oampoBadHble HOHBI LiT, OH™, F~ uMeror opOuTanbHble
XapaKTePHCTUKU, KOTOPhIC Mbl IPHITHCHIBATH MATKHM CHCTEMAM.

JKecTKOCTE MaIBIM HOHAM IIPHAAET TOJIBKO COJAbBATALNS MPOTOHHBI-
MH pacTBOPHTEIIMH (CUMOHO3; CM. pas3md. 3.2.2).

[InoTHas «nOMOXHUTENsHA» CONbBAaTHAA 00OJIOUKa (HAmpuUMep, U3
MOJIEKYJI BOMIBI, OPUEHTHPOBAHHBIX aTOMAMH BOJOPOA K HOHY) IPOTOH-
HEIX pacTBopHTenel nonmxkaer B3MO Manpix aHHOHOB. «OTpHIaTEIh-
Hash» CONILBATHAs 00071049Ka (MOJIEKYNIEI BOABI OPHEHTHPOBAHEl ATOMaMH
KUCJIOpoAa K HOHy) moBblmiaeT sHepruio HCMQO Manbpix KaTHOHOB.
CrenoBarenbHO, JXECTKOCTh MaJIBIX MOHOB MOXKHO paccMaTpHBaTh Kak
«puobpereHHy0». KpoMe Toro, Massie HOHEI IPHOOPETAIOT KECTKOCTh
B Hayale KUCJIOTHO-OCHOBHOM PEaKIUH NMPH MPSIMOM B3aUMOJICHCTBHH
C MapTHEPOM, IIEKTPOCTATHIECKOE NOJI€ KOTOPOI'O OKA3hIBAET CTa0MIIH-
3UpYyIOllee BIHSHHE, [1000HO BIUSHUIO [[POTOHHBIX PACTBOPUTEIICIH,

Katuod Li* B BOJHOM pacTBOpe JIETKO CHENATh MSTKOM KHMCIOTOH,
BBeEJIS €r0 BO BHYTPEHHIOK IOJIOCTh MONEKYIBI KpayH-3¢upa (cM. 1. 11)
wiu kpunrauia. Torna, 6maronaps muskoit HCMO Li*, non Beger cebs
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TakK, KaK GYJITO OH HU30JUPOBAH U IO pasMEpaM 60.11])1116, €M Ha CaMOM
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BHYTPEHHAR NonocTL, HECTKAA KuUcacta MArKaa Kucnara
no pasmepam COOTBETCTBYIOW AR B BOAHOM B BOJAHOM
KaTUOHY Lit pacTaope pactaope

[21,1]-xpunTarg,

3.3. KHCJIOTBI 1 OCHOBAHHSA BPEHCTEJIA
3.3.1. CHJIA KHCJOT U OCHOBAHHAN

CoocobHOCTE KHCIOT M OCHOBaHMM JIproMca B3auMMOIEHCTBOBATH
IPYyT C JPYTOM OMpeAeaseTcs UX abCOMIOTHOHN <« KECTKOCTBIO» H ab-
COJIFOTHO¥M 3NeKTPOOTpHLATENsHOCThIO. TIOHATUS «CUABHAg KHCIIOTa
Jlerouca» umu «cnabas xucnora JlsroHca» Maja0 XapaKTePHUCTHUYHBL,
IIOCKOJIBKY «CHJIA KMCIOTBD» 3aBHCHUT OT THIIa OCHOBaHHUA-IIapTHEpa,
a «CHja OCHOBaHHA» CBS3aHa C THIIOM B3auMOAEHCTByIOIIEH ¢ HUM
KHCIIOTHI.

C Ipyroit CTOpOHBI, IS XapaKT€PHUCTUKH KMCJIOT ¥ OCHOBaHHMi1 bpeH-
cTela MHPOKO HCIIONB3YIOTCS TEPMHHBI «CYIIBHBIN» U «ciabpriity. Ecou
paBHOBecue (3.1) ITOJHOCTHIO CIBHHYTO BIPABO, TO MOXHO CAEIaTh
BBIBOZI, YTO OcHOBaHHE B cuiibHee ocHOBaHMs A~ MWIH, O-IPYIOMY,
kucinota BH™ cinabee xucnorer AH. Cuna OpeHCTEZOBCKUX KUCIOT M
OCHOBaHUI1 3aBHCHUT OT CPENBl, T.€. OT PAaCTBOPHUTEIA. JTO CBI3aHO C
TEM, YTO MOJICKYJILl PACTBOPHUTENS CaMH SIBIAIOTCS OCHOBAHMSAMH WIH
kuciaotamu BpeHcrena. Hanpumep, eciu pacteoputh kuciory HA wnn
OoCHOBaHue B B BonE, TO B pacTBOpe Kak KUCIOTAa, TaK U OCHOBaHHUE
OyaoyT B OIpeAeneHHOM CTeNeHH HOHU3UPOBAHEL:

AH+H,0 = A~ +H;0", (3.4)
B+H,O=BH"+0H". (3.5)

CrereHb MOHH3AIHH XapaKTEPH3YeT CHITY KMCIOTHI MM OCHOBaHHs B
BOIHOM pactBope. B paszbasnennbix BojHbix pacrBopax HCl muccormu-
upyer nonHocTeio. [lo3ToMy ecnu mocreneHHO 100aBISTL B BOTHBIN
pactBop HCI kpenkuii pactsop NaOH (utoOsl o6beM npu gobasieHud
NPaKTHYECKH HE MEHSICA) U IO Mepe NOoOaBICHHS H3MEPATH IeK-
TPOIPOBONHOCTE HEHTPATH3yeMOro pacTBOpa, TO OyraeT HabiromaThCcs
KapTHHA, ONHChiBaeMas KpuBoil / Ha puc. 3.4.
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Puc. 3.4. 3aBUCHMOCTB 3JIEKTPONPOBOAHOCTH pacTsBopa cuibHOi (/) M cnaboit (2)
KHCJIOTH! OT KOJUYECTBa J0OaBIeHHOro ocHoBaHHMsA. (KpHBble KOHIYKTOMETPHYECKOIO
TUTPOBAHHS)

B nepBoM npHOTMXEHHH S3NEKTPOIPOBOAHOCTH MPONOPLMOHAIBHA
YHCIY HOHOB B PACTBOPE K 0COOOMY XapaKTEPHIYIOIIEMY UX IapaMeTpy,
KOTOPBIH HA3BIBAETCS nOJGUNCHOCMBIO UoHA. COIbBATHPOBAHHBIHN IIpo-
TOH H THAPOKCHJIBHEI HOH KaK MOHBI HeOONBIIMX Pa3MEPOB HUMEIOT
OYEHb BBICOKYIO MOABHKXHOCTb, II0O3TOMY HEHTpaaM3alMs CHIBHOTO
anextporura HCl npuBOAKT K CBS3BLIBAHUIO CHILHO IOJBHXKHBIX HOHOB
U 3aMeHe UX MeHee [TOABIDKHBIMHE JacTHLiamMu. B xone HeliTpanusaiuu
HOHBI BOJIOPO/ia 3aMEHSIOTCA 3HAYUTETHHO MEHEE ITO/IBIDKHBIMU HOHAMH
Hatpus (HCl—NaCl) 1 3neKTponpoBOIHOCTE YMEHBIIAETCA. YBeIuye-
HUE BIICKTPOIPOBOIHOCTH IIGCIIE TOYKH IKBUBAIEHTHOCTH 00YCIIOBIEHO
HaKOIUICHHEM IOABIDKHBIX HOHOB OH™ H3 H3OBITOYHOTO KOIHMYECTBA
NaOH.

WHas cutyanusa HaOmonaercs NpH HEHTpaIH3alUMH YKCYCHOH KHC-
agotet (puc. 3.4, kpuBasg 2). YMEHBIICHHE NEKTPOIPOBOXHOCTH IIPH
00aBIEHUH TEPBBIX MOPILMH LIEI0YH COOTBETCTBYET HEHTpaIH3ALHH
HOHOB BOIOPO/Ia, KOTOPHIE UMEHOTCS B HCXOIHOM PACTBOPE BCIICICTRHE
paBHOBecHs HOHHU3AIHHU (3.4). OqHAKO B HCXOJHOM PacTBOPE KHCIIOTHI
HOHOB Bopopoda Mano. Ilocime Toro xkax OHHM HM3pacxXOlOBaHHI IO pPeak-
muH (3.6), 2IIEKTPONIPOBOHOCTh HAYHHAET CHOBA BO3PACTaTh, TaK KaK
HEJUCCOLIMMPOBAHHBIE MOJIEKY/IbI KUCIOTHI IIPEBPAIalOTCs B A€ TATHEIE
HOHBI, — peakuus (3.7):

H;0" +OH™ — 2H,0, (3.6)
CH;COOH +OH™ — CH;CO0™ +H,0. (3.7)
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Takum o6pa3oMm, B BOOHBIX pacTBOpax CHiabHBIX KucinoT (HCI)
MCTMHHBIM HOCHMTEJIEM KMCJIOTHBIX CBOMCTR SBJISETCS NPOTOH (TOUHEe,
uonsl H;0%, Hs03, H904+ M T I.), a B pacTBOpax CiabbIX KHCJIOT
(CH3COOH) — xak H30", Tak ¥ HeAHCCOLUMUPOBAHHAS MOJIEKY/Ia KHC-
JIOTBI. AHQJIOTHYHO B BORHEIX PAcTBOPAaX CHNBHBIX OCHOBAHMH €HMH-
CTBEHHO IIPHCYTCTBYIOIIMM OCHOBAaHHEM OyneT I'MApaTHPOBaHHEIN HOH
OH™ (ypasHenue (3.5)), a B pacTBOpax ¢inabbIXx OCHOBAHHIH — KaK HOH
OH™, tak 1 Monexyina B. [lonnManue Takoro pasnuyus HeoOXoouMO,
IIPH PacCMOTPEHHH KHUCJIOTHOTO M OCHOBHOIO KaTallH3a, HalpuMep B
peaknusx KapOOHMIBHEIX COelMHEHUH (cM. pa3n. 3.3.6).

3.3.2. KHCJIOTHOCTbh U OCHOBHOCTbH B BOJIE

Ecnu BOAy NOABEPrHYTH MHOTOKPATHOW NEPErOHKE B KBapIIEBOM
WM TIJIaTHHOBOH IIOCYjle, TO OKa3hIBaeTCs, 4TO, HECMOTPSA HA TaKYIO
THIATENBLHYIO O4HCTKY, BOJIa BCE JKe COXpaHAEeT HeOONBIIYIO, HO BIOJIHE
OIpeZIENeHHYIO CIOCOOHOCTE IPOBOAUTD MEKTPUUECKHH TOK. ITO 06Y-
CIIOBNIEHO CaMouoHu3ayuel BOIBL:

2H,0 = H;0" +OH". (3.8)

CamouoHu3anus HaOMIONAaeTCd M JUIS METaHOMa, YKCYCHOH KMCIOTHI,
JUAKOTO aMMHMaKa U MHOTMX IPYTHX IPOTOHHEIX pacTBopureieit. C
JIPYTOil CTOPOHBI, TaKM€ pPacTBOPUTENH, Kak >xuixuii SO, OeHzon,
JUOKCAaH CAMOMOHH3HUPOBATHCA HE MOTYT. JTOT IMPOUECC XapakTepeH
s amoTepHBIX pacTBopuTenei. J[pyroe Ha3BaHUe CAMOHOHH3AIMH —
asmonpomonus.

Koncranra paBHoBecus (3.8) mpW cTpOroi TepMOAMHAMUYECKOH
3aIMCH UMEET BHJ

iy - o

0 3 -

Ka=—(omy (3.9)
H,O

me af® = af"™/a% —oTHOCHTENbHAs aKTHBHOCTH 4acTHIBl X B

PaBHOBECHO! cMecH; af " — abCONIOTHAs aKTHBHOCTb X B PaBHOBEC-

HOHM CMeCH U a% — abCOoMOTHAs aKTUBHOCTh X B TEPMOAWHAMUYECKOM
COCTOSIHHHM CHCTEMBI, IPHHATOM 32 CTaHJapTHOE.

TockonpKy creneHb mpoTekanus peaknud (3.8) odeHp Mana, OT-
HOCHTEJIbHAas aKTHMBHOCTbL CaMoO# BOABI IIPH PaBHOBECHH OyIeT O4YeHb
MaJI0 OTAMYAThCA OT eAMHMULI (aff(, ~ 1), eclu B KadecTBe CTaH-
JIapTHOTO COCTOSHHS B3ATh THIOTETHYECKYIO YHCTYIO HEOHH3MPOBAH-
Hy10 Boay. KpoMe Toro, mockonbKy paBHOBecHe peakimH (3.8) odeHb
CHJIBHO CIBHMHYTO BJIEBO, KOS(Q(HUIMEHTH aKTUBHOCTH HoHoB H3;0O%
u OH™ B uucroil Bome OymyT Taroke OMM3KH K epuHune. Ilostomy
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oTHOCHTEbHEIE akTHBHOCTH H3O" u OH™ (axTuuecku paBHBI HX
MOJIAPHEIM KOHIIGHTpALUsAM (€C/IM MCHONIB3YETCsS MOJISpHAs HIKajga H
B Ka4yeCTBE CTAHIAPTHOTO COCTOSIHUS BhIOpaHa aKTMBHOCTL 1 MOIIB/IT).
Orcrona

Kg ~ KaBTo = [H3O+][0Hw]a

rme [H30"] u [OH "] — MosspHble KOHIEHTpAunH; K,pro — KOHCTAHTA
aBTONpPOTONM3a BOBI, paBHas 1,00 - 10™'* moms?/n? mpu 25°C.

Vpasuenue (3.8) nokaseiBaeT, uto B unctoit Boxe [H3;O ]=[OH ],
MO3TOMY

[H;0")=[OH"]=V10-%=10"7 nmpm 25°C.

Jiis yro6cTBa KOHIIEHTPALMIO THAPOKCOHHEBHIX HOHOB IEJIECO-
06pa3sHo NpPHUBOAMTL B BHAE OTPHIATENHLHOIO JIOrapH(mMa, KOTOPBI
ofo3Hagaercs cuMBojioM pH:

pH = —1g[H;07], (3.10)

Jlns gucroit Bomsl pH=7,00, B xuciaeix pactBopax [H;O"] > [OH™]
n pH< 7, a B menounsix [H307] < [OH™] u pH> 7.

Eciu [H30%] wiu [OH ™) Heb3st CYMTATh O4EHb MAJIBIMK, TO MOJISAP-
HBlE KOHI[EHTPAIMH YK€ HE PaBHBI aKTHBHOCTAM H HYXHO YYHTHIBATH
AKTHBHOCTH KOHKPETHOTO BH/Ia HOHOB.

Huxe uist cpaBHEHHS IPUBENEHL] KOHCTAHTH! aBTONMPOTONM3a HEKO-
TOPEBIX APYTHX XKUAKOCTEH (PKanro = — lg Kanro) Tpu 25°C.

Cuctema pPKasro

Cepuas kuciora 2H,SO4 = H3SO; + HSO, 2,9
Mypassunas kucnora 2HCOOH = HCOOH; + HCOO~ 6,2
droposogopon 2HF = H,F" +F~ 10,7 (0°C)
Meranon 2CH;0H = CH;OH; + CH3;0~ 16,7
®ropcynshonosas kucnora 2FSO;H = FSO3H; +F SO; 174
Auerorurpun 2CH;CN = CH3CNH" + CH,=C=N" 19,5

Ammuak 2NH; = NHj + NH; 27,7 (—=50°C)

Jucconnanmio kucnorst AH B BOoAe MOXHO IpeiCTaBUTH YpaBHE-
HHEM

AH+H,0 = A~ +H;0". (3.11)
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B monHOM BHAe TepMoOIMHaMUYecKas KOHCTAHTa PAaBHOBECHS 3TOH
peakliu BelpaxkaeTcsi cooTHomenueM (cp. (3.9))

paBH _paBH )
KO = 4a- "4y,0¢ 9AH " 9H,0
a paBH __paBH | ° 0 0 ’
AAH " 9H,0 - dp,0°
e a™ u a¥ —abcomornle akTuBHOCTH yacTH X (X=A", H;07,

AH, H;0) B paBHOBECHOH CMECH U B CTAHIAPTHOM COCTOSHHH COOTBET-
CTBEHHO.
OTHOCHTENBHAs AaKTHBHOCTH BOJBl IPH COCTOSIHHHM paBHOBECHUS
PaBH 0 -
ai,0 /A4,0) HE CHIBHO H3MEHSETCS NPH MEPEXONE OT OJHOH KHC-
JIOTEL K Apyro#l (ans pa30aBAGHHBIX PacTBOPOB) M IIPH OSCKOHEIHOM
pasbaBrmenuu npubIHKaercs K exuHHue. [lo3ToOMy MOXHO BBECTH

TaK Ha3bIBAEMYIO MeEPMOOUHAMUHECKYIO KoHcmanmy Kuciomuocmu K2

(AH):

paBH paBH ao
0 — A~ H,0* AH
K2 (AH) = o N — . (3.12)
AH Ap- %0t

OO6BIMHO HCIIONB3YIOT MIKATY MOJISPHOCTH U 32 CTAHAAPTHOE COCTOSTHHE
[PUHAMAIOT BOAHBIN PacTBOp, B KOTOPOM aKTHUBHOCTEH X paBHaA 1 MOIB/1
mpu 25°C. Taxum obpa3zom, B ypaBHeHHH (3.12) MOXKHO COKpaTHTh
BCE Pa3sMEPHOCTH M 4JieH, B KOTOPHIH BXOOUT ag(. Hanee, ecnu pac-
CMaTpHBATh IIPOIECCHl TONBKO B pa30aBIE€HHBIX PACTBOPaX, TO MOXKHO
NPHHATH, 4TO OTHOUIEHHE KO3 HUIIMEHTOB AKTHBHOCTH OIUHAKOBO IS
BCEX KHCIIOT ¥ Onu3ko k enuHune. Torga B xauecTBe OTHOCUTEIBHOMH
MeEpHI CHIIBI KHCIIOTH B pa30aBIeHHOM BOIHOM DPacTBOpE IPH JaHHOH
TEMITEpaType MOXKHO HCTIONL30BATE KoHCmanmy kuciomuocmu K, (AH),
KOTOpast ONpEeiieTCs BLIPAXKEHUEM
[H;07][A7]

[AH]
IJle B KBAJpaTHBIX CKOOKax JaHa MOJSIpHAas KOHIEHTpAIHs YacTHUI{ B
COCTOSIHUH DaBHOBECHS NpH (HKCHpOBaHHOH Temieparype (0OBIUHO
25°C). Komeuno, K, (AH) Oymer 3aBucers OT KoHIeHTpauud AH,
MMOCKONIBKY K03((PHIUEHT aKTHBHOCTH CBSI3aH C KOHICHTpalLueHd, HO,
€CITM HY’HO, TCPMOAWHAMHYECKIH TapaMeTp Kg (AH) MOXHO MTOTYYHTD
IKcTpanoisueil Kk 6eckoHedHOMY pazOaBICHUIO.

Yem conbiue K, (AH), TeM BbINIE CTEIIEHD AUCCOHAUY (YpaBHEHHE
(3.11)) u Tem cunpHee KHUCIOTA. It XapakTepHCTHKH KHCIOTHOCTH
yA0OHO MCIIONB30BAaTh OTPHIATENLHEIN JIOTapH(M KOHCTAHTBI KHUCIIOT-
HoctH pK, (AH), wiu npocrto pKy:

pK,(AH) = — g K,(AH). (3.14)

OueBuuHO, yeM Oombine pK,, TeM cilabee KUCIOTA.

Ko(AH) = (3.13)
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W3 ypaBuenuit (3.10), (3.13) u (3.14) noxyyaem

[A7]
K. (AH)=pH —1g ——— 3.15
pKa(AH)=p g[AH], (3.15)
OTKY/a cliefyeT, 4To BenudnHa pK, paBHa ToMy 3HadueHMI0 pH pacTBopa,
l'IpI/I KOTOpOM KHUCIOTAa HOHHSHpOBaHa Hanonommy.

s Boawl u3 ypaBHeHus (3.13) nonyyaem

— [H3O+][OH~] - KaB'ro _ 10_]4
a [H,0] [H,0] 55,5°

Taxum obpazom, pK,(H,O) = 15,7 npu 25°C. Dra BenuuuHa Xapak-
TEPU3YET KUCIOTHOCTh MOJIEKYII BOABI B BOMHOM pacTBope. s ruapox-
couuesoro uona pK, (H;O") = pKypro — pKa(H,0)=14—15,7=—1,7.

Ornpenenesue KOHCTAHT KHCIOTHOCTH KUCIOT AH B Bozie ¢ mOMOIIEIO
NpsAMOTo M3MepeHHs KoHIeHTpaunit A~ U AH BO3MOXHO nHIIB B TOM
ciydae, ecau KUCJIOTHasA JHUCCONUAIMs POUCXOAUT B 3aMETHOMH, HO He
NOJIHOM cTenedy. Ecnu xucnora tak caaba, 4To MOYTH HE JUCCOLUUPYET,
WM TaK CHIBHA, YTO AUCCOUMUPYET (PaKTHUECKH HAIleN0, TO B IIEPBOM
CIy4ae HeNb3sd TOYHO M3MepHTh [A~ ], a Bo BTopoM [AH]. Jima rakux
KHCJIOT HCIIONB3YIOTCS KOCBEHHBIE METOMB! ONpeneIeHUsI KUCIOTHOCTH
(pazz. 3.3.4). B Tabn. 3.2 npuBeacHB! BeNHYHHBI pK, AN HEKOTOPBIX
kucnor. dns kucnor ¢ pK, < 0 umu pK, > 20 nadnble Tabauuesl
He OueHb TOuHbl. OJIHAKO HEKOTOphIe 3HAYEHHSA DK, ONpeneleHBl C
BBICOKOH CTENEHBI0 TOYHOCTH M DKCTPAIONHPOBAHBI K OECKOHEUHOMY
pa3baBiIeHHIO U MO3TOMY MPEACTABILAIOT o000l TEpMOJUHAMHUYECKHUE
Benuunnbl pKY (HA) ypasuenue (3.12)).

COOTBETCTBYIOIEE BhIPAKCHUE JUIsI KOHCTAHTHI HOHU3AIIMH OCHOBA-
HHS B BOJIC MOXHO IIOJY4HTh aHAOTHYHBIM 00pa3oM U3 ypaBHEHUS

B+H,0=BH +0H .

10 YPAaBHCHHE COBCPHICHHO ACHO MMOKA3BIBACT, YTO NPOUCXOOMUT, KOT4a
CHIIBHOC Heﬁrpanbnoe OCHOB3HNEC PacTBOPAIOT B BOIEC. Koncmanma
OCHOBHOCMU KB OIIPEACIIIETCA BEIPAXEHUEM

_ [BH'][OH™]

(B] '
OnHako B HACTOSUIEE BPEMS KOHCTAHTbl OCHOBHOCTH NPAKTHIECKH BHI-
i u3 ynorpebiaenus. OHHM IPOCTO U3NHILHK, TAK KaK HHQOpPMALKSA O

CHJIE OCHOBaHHMs B BKJIFOYEHA B KOHCTAHTY KHCIOTHOCTH COMPSDKEHHOM
kuciaotel BH™:

Kg

[H:0")(B)

BH"+H,0 = B+H;0", KX, (BH"=
2 307, K,u(BH) (BT
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JpyrvMu ciroBamMH, OIMH M TOT K€ [apaMeTp — KOHCTAHTa KHCIOTHOCTH
K, xucnorsl AH unmu BH™ — ssnsieTca mepoit He Tonbko cuiasl AH umu
BH™ xak NOHOpOB MpOTOHa, HO M cuiabl A~ MIH B Kak akienTopos
MpOTOHA.

CunsHo#t xucnore AH wiu BH' cooteTcTBYIOT c1aboe compsikeH-
HOE OCHOBanMe A~ Wiu B; B 3TOM ciyuae BenuyuHa pK, Majga wid
Jaxke oTpuuarensHa. CHIBHOMY OCHOBaHHIO A~ iId B cooTBeTcTBYeT
cnabas xucinora AH wnmu BH™, B atom cnyuae pK, umeer Goibiuoe
MOJIOKHUTENBHOE 3HadeHue. Tak e Kak pH ucrone3yeTcs B KadecTBe
MEpBI He TOJBKO KoHueHtpanuu HY, Ho u xoHuentpauun OH™, Tak u
pK, ONMCHIBAIOT HE TONBKO CHITy A~ WIH B kak ocHOBaHHIA, HO H CUITY
AH u BH" xak xucnor. B ta6n. 3.3 npusenenn! 3Hadenus pK, s
HEKOTOPBIX OCHOBaHHUIl. Kax 1 A KHCIIOT, HEMOCPEICTBEHHO U3MEPUTh
CHJIY OCHOBAHMI MOXKHO JHIIL B y3kom uHTepsaie pK, (BH'). 3a
IIpeneaaMyd 3TOT0 HHTEpPBajia OCHOBHOCTDH OIPERENseTCs KOCBEHHBIMHU
METONAaMH, O3TOMY 3Hayenus pK, (BH") BHe unTepBana npuMepHo ot
—2 no 17 He SBISIOTCS TOYHBIMH.

3.3.3. BJIMAAHHE PACTBOPUTEJISI HA KUCJIOTHO-OCHOBHOE
PABHOBECHE

3.3.3.a. TEPMOAMHAMUKA XUMUUYECKUX IIPEBPALLIEHHUMA

OO01wenpuHATON! MEepOil CHIIbI KHCITOThI MITH OCHOBAHUS sBAseTCs pKy
(AH) wmu pK, (BH"), xoTopsle CBA3aHBI CO CTAHAAPTHOH CBODOAHON
3HEPruedl KUCIOTHO-OCHOBHOTO PABHOBECHS COOTHOIIEHUEM

23RT -pK,=—23RTIgK, = AGS,

rne AG — U3MCHEHHE CTaHJapTHOM CBOOOIHOI 3HEPIUHM IIPH ITepexone
OT peareHToB K mpojaykraM, T.e. or AH+H,;0 x A~ +H;0" umm or
BH"+H,0 x B+H30" mua cioydas BOAHBIX PacTBOPOB IIPH TeMIle-
parype T. Ecu T = 298 K, 10 2,3RT = 1,36 KKan/mosb, CienoBa-
TEIBHO,

AG3gek = 1,36pK, (kKa1/MOMb). (3.16)

CBo0oaHas SHEprus CBA3aHa C N3MEHEHHEM CTaHIapTHON SHTAJIBIINH
(AH®) 1 craHzaprTHoit 3HTponHK (AS®) KMCIOTHO-OCHOBHON pEaKLHHU
npu teMmreparype I COOTHOUIEHHEM, KOTOPOE HA3BIBAECTCHA 2IA6HbIM
VPAGHEHUEM MEPMOOUHAMUKU.

AGS=AH® — TAS°.

Bemmunasl AG® W, cienoBaTeiabHO, pK, OTPaXkaroT MEPBHIH H
BTOPOH 3aKOHBI TEPMOAMHAMHKH CIocoboM, Hauboiree yOOOHBIM IS
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xuMugeckoro npumeHeHus. Korna Heo6xoauMo y3HATH, MOWIET 1M
peaxuus B JAHHOM HAaOpaBlIeHWH, Mbi HOIKHBI onpeneuts AG ans
peakIiy HayanbHOE COCTOsHHE (peareHThl) — KOHEYHOE COCTOSHHE
(nporyxTsI):

AG= GHpOAyKTbI - Gpeal"eHTbI .

Eciiu AG oTpuuaTensHa, TO peakius UMeeT eCTECTBEHHYIO TeHIEHITHIO
HPOHCXOAHTH CIIOHTAHHO B HAIPAaBIIEHHH OT PEAreHTOB K IIPORYKTaM;
ecmt AG TONOXUTENbHE, TO Peakuus He OyaeT NPOHUCXOAMThL CaMo-
[POU3BOBHO, HO OOparHas peakuus Oyner croHrtanuod, Hu AH HEH
AS He SBISIOTCA HY B KaKOM CMeIclie «bosee (yHIaMEHTaIbHBIMIDY,
yem AG. Tem He MeHee pasgeneune AG Ha AH u AS mosBonser
m1y6ke MOHATH CYTh NaHHOT'O XHMHYECKOro mpoliecca. B 3ToM pasnerne
MBI KPaTKO PACCMOTPHM CMEICI IIOHATHH «OHTAIBIHAY» H «I3HTPOIUAY, a
B CJIENYIOUIEM pa3leie MPOoaHAIH3HPYEM HX POIs B KHCIIOTHO-OCHOBHOM
B3aHMMOJICNICTBUH B BOJHOM cpene.

IHTAJIBLNHAS. JHTANGIHI, WK TeIUIOCONEpKaHue, NAaHHOTO COeau-
Henus (H), Tak ke kak M cBobomHyro sHepruio (G), Henw3s pac-
CUUTAaTh MM ONIpENCIuTh B abCONIOTHOM cMbIcie. MOXXHO H3MEPHTH
JIMOIb UBMEHEeHUe SHTANBIIMH, COIPOBOXKIAIOIICE NAHHYIO PEaKIHIO.
Eciu AH < 0, peakuus 3x3oTepMuyHa, ecmu AH > 0, peaxuus
spporepMuuHa. Korma AS amd Kaxmoil U3 OTAENBbHBIX peakiuid B
paccMaTpHBaeMoOii cepuu peaknuii Majisl o Benuauue, AG ~ AH u
M3MCHEHME SHTANBIMU JOCTATOYHO XOPOUIO XapaKTepU3yeT Halpasie-
HHE U CKOPOCTh peakunu. bonee Toro, ecu AS BenHkH 1o abCconroTHOM
BeJIHYMHE, HO AN KaXKAOW OTAEIBbHOH peakliMM B paccMaTpHBaeMoi
CEPHH OHH OMHAKOBBI, TO U3MEHEHHE DHTATBIIHH MOXKET CIYXKHTh Me-
pO¥ OTHOCHTENBHON JIETKOCTH IPOTEKaHUA KaxkJod peakuun. Cioydaw,
Korma B cepud peaknud AS ~ 0 uan AS =~ const, BCTpewaroTcs
JOBOJILHO YacTO, ¥ TOINA B KayeCTBE (JBIXKYINEH CHIbDY PEeaKIHK
paccMaTpHUBAOT U3MCHEHHE SHTAIBIHHU, T. €. CTCNEeHb DK30TEPMHYHO-
CTH MJIH 3HJIOTEPMHYHOCTH IIpoIiecca. ITO OCOOEHHO BaXXHO IIOTOMY,
YTO M3MECHEHHE SHTAIBIIHHU JIETKO H3MEPUTh C IMOMOMIBI0 KaJIOPH-
MeTpa M IOJYyYHTh TAaKHE LEHHBIE TEPMOXUMHYECKHE HAaHHBIC, Kak
TEIUIOTEl O0pPAa30BaHUsA COENMHEHUH U3 31eMeHTOB (AHs,), SHEPruu
Juccouranmy ceaszed B Mosiekynax (D), temnorsl AHergp) U T 1. B
[MOCHEAYIONIMX IMlaBax IPHM aHaIH3e CBA3H CTPOSHHS C PeaKIUOHHOM
CIIOCOOHOCTBIO MONEKYI MBI OyZIeM IIHPOKO HCIIONB30BAaTh DHTAIBIHM
pEaKkuumn.

3HTpOIl]rHl. MHuorue IIpOUECChl IIPOUCXOAAT CaMOIIPOU3BOJIBHO,
HECMOTpA Ha TO 4YTO SABIJIOTCA ODHIAOTCPMUYCCKHMH, T.€. HAYT C
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MIOTIOIEHHEM TeTIIIOTHL U3 OKpysxatouiei cpeasl. Hanpumep, KCl camo-
IIPOM3BOJIEHO PAcTBOPSETCS B BOJIE, XOTS I 3TOro nponecca AH > Q.
OTO TPOUCXOAMT HM3-332 TOTO, YTO BTOPOIl WiIEH B INIABHOM YpaBHe-
HHH TepMOoAMHaMuKH, TAS, no abCoNOTHOH BEIMYHHE IPEBOCXOIUT
AH u nostomy AG craHoBUTCs OTpul@rensHol. Bennunna AH /T
XapaKTepH3YeT M3MEHEHHEe 3HTPONHHM OKpYXaroIleHd Cpenbl, BEIUYHHA
AS — u3MeHeHVe SHTPONMH B H3ydaeMo# cucTeMe (pacTBop B Koiibe),
AG/T — B oxpy*aroleii cpesie IS pacTBop B Koibe (BCst BceneHHas).
CHoHTaHHBIA IPOIECC YBEAWYHBAET 3HTPOIMIO BCEH BCENEHHOW; XOTH
IIPH 3TOM B3SATHIE B OTIENBHOCTH 3HTPONHH OKPYXaroIeld cpeas! WiIH
H3y4aeMOH CHCTEMBI MOTYT YMEHBIIATHCS.

B [pOTHBOIIONOKHOCT 3HTAIBIHH U CBOOORHON SHEPrHH COEHH-
HEHUs M CcaMd J3JIEMEHTH, MX COCTABISIONINE, MMEIOT abCcomomuyo
SHmMponuo. JTO CBA3AHO C TEM, YTO IO TPEThEMY 3aKOHY TepMOJMHa-
MHKH 3HTpoOnus ujeanbHoro kpucrania npu 0 K pasna synro. Crenosa-
TEIBHO,

AS7 = (cymma S7 IPOAYKTOB — CyMMa S7 PEareHToB).

DHTPOTHIO U3MEPSIOT KaJOPUMETPHIECKH U3 3aBUCHMOCTH TEILIOEMKO-
CTH COEQMHEHUH WIIH 3JIEMEHTOB OT TeMIepaTyphbl. IT0 ropasno boiee
CIIOKHBIH 3KCIIEPUMEHT, 4eM orpeseseaue AH.

B 0CHOBHOM 3jIeKTPOHHOM COCTOSIHHH SHTPOINHs A000TO 3eMeHTa,
MOJIEKYIIBI, KpUCTAILIA U T. . MOXKET OBITh IPEACTaBIeHa CYMMOH Tpex
CJIaraeMBIX:

S =Snocr + SBpam + Skons

THE Spocr — SHTPOIMS, CBA3aHHAS C HOCTYIATENBEHBIM JABHXEGHHEM MO-
nexyn (Mepa pacceMBaHHs YacTHI] IO 00beMy pacTBopa B Koube);

Sgpam — SHTPOINHA, CBA3AHHAS C BHYTPEHHUM BPAIIEHUEM BOKDYT
o-CBA3eH B MOJIEKyJle M C BpallleHWeM BCEH MOIEKYIbl KaK LeJoro
BOJTYKA;

Skon — JHTPOIMS, CBA3aHHAS C KojgeDaHMAMHM aTOMOB B MOJEKY-
ne (pacTsiKkeHME M CKarHe cBsa3ed, JedopManMoOHHBIE KoiueOaHHs
HT 1)

Ecau B pesynsTare peakiyu yBenu4auBaeTcs o01iee Yicio 4acTul o
CPAaBHEHMIO ¢ WX YHCJIOM JI0 PEaKlHH, TO 3HTPOIHS MOCTYIAaTeIbHOIO
ABHKCHUA BO3pacTacT [ASI’IOCT = SHOCT;IIpO,U,yKTbK " DII0CT; PEareHThH > O]a
€CJIM YMCIIO YACTHI] YMEHbINAETCS, TO ASyoer < 0, €CJIH YHCIIO YaCTHIL
He u3MeHsgeTcs, To ASyoer = 0.
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Hanpumep:
(CHy), COH — (CH,), C=CH, 4 H,O (AS°= 37,3 kxai/moib)

mpem-GyTaHON U300yTeH

0
f ﬁ _ 3CH2=0
00
1, 3, S-TpUoKCaH dopmanererun  (AS© = 83,6 KKa1/MOJIB)

60— &

(peaxums Jwisca—Anpiepa)  (AS©®=—47,8 xxan/Moub)

H H H COOCH
H,C/ COOCH;, H3C/ \H (AS°=0,5kkaj/Monb)
YuC-METUIIKPOTOHAT mpanHc-METHUIKPOTOHAT

Ilocnenuuit npuMep MOKa3bIBACT, YTO IPU HIOMEPH3AIUAX IHTPOIIHS
[IOCTYIIATEIBHOIO ABHKCHHS HE H3MEHAETCA.

Ecnu B mpoayKTe peakuyy ROZHUKAKOT BOBMOXHOCTH U1t 6olee CBO-
6oxnbx xonebaHuit aTOMOB, TO KoJaebaTeNnbHAas SHTPOIMUS BO3pAcTaeT.
Harmpumep:

Cl
D—Cl i (45°= 49 xxan{monb)

XA0pLMKNONpONaK XNOPUCTLIA anaun
(L —
6MU,MKJIO[2.2.0] rexcan rexcaguen-15 (A5°= 16,8 KKan/Monb)

OpHako KOraa NMPOAYKTHI PeaklUH OYEHbH IMTOXOXKH Ha PEarcHTHl, SH-
TPOMS TOYTH HE H3MEHACTCH, TIOCKONBKY KaK ASioer, TaK H ASkos
MPUOTU3HUTENHHO PABHEI HYITIO.

CHy  CHy CHs
}v{ —_— ‘v’ (45°= 04 xxan/monb)
CHy

Luc-1,2-AUMeTHALAKNC - Tpac-1, 2-AAMETUALIUKNO -
nponas nponan

YMeHbIIEHHE SHTPOIIMK B IPUBEACHHON HIKE PEaKilMy H30MepH3a-
UM OOBACHIETCS TEM, YTO B IPOAYKTE PEAKI[HY BHYTPEHHEE BPAIlleHHE
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BOKpYT ¢Bs3H C)—Cs HEBO3MOXHO, a8 B peareHTe BO3MOXKHO, XOTS U
3aTOPMOKEHO OTHOCHTEIBHO OONBIUMMH pa3MepamMH LIUKIOIPOIHIBHON

TPYIIIHL.
3 2
2\ 1 5 ———— 6_1@5
4 4 (85°=-3,7 kxan[monb)
]

MSOHPOHGHMJMMKIIOHPOHBH 1-MeTHALUUKNCNEHTEH

J1s pacueTa SHTPOIUH, CBA3aHHOMN € BpallleHHeM LEeJ0H MOIeKyIsl,
HeoOX0OUMO OIpeNennTh €6 MOMEHT HWHEepUHH H YHCI0 CHMMETPUH
o (T. €. YMCIO HEPA3NHMYHMBIX CHUTYAIlHH, KOTOPOE MOXXHO IONY4YUThH
BpallleHNeM MOJIEKYITHI KaK Lenoro; Hanpumep, 111 H—Cl o = 1, mna Br,
o =2, nnd 3TWIeHa o = 4, A 3TaHa 0 = 6 U T. 1.). MOMEHT HHEepUHH
pacCUMTHIBAIOT U3 JUIMH CBf3ell M YINIOB MEXAY CBSA3IMM, KOTODHIC
3KCTIEPUMEHTANBHO ONPEIEHIIOT 110 JaHHBIM JUGPAKIIHU 3TIEKTPOHOB U
MOJIEKYISIPHOM CHEKTPOCKOMHH. JIns OONBIINX, rHOKHX OPTaHUUECKHX
MOJIEKYJ1 TAKHE PacueThl OYeHb 3aTPYAHHUTEIBHEBL

IIpuBenennsie Bhilue 3HadeHuss AS® UL pasHBIX pPeakIHil, a TaKkxe
pacdeTsl BKIAJOB B OOIIYH 3HTPOIHIO, KOTOphlE BO3MOXHA JUIs MPO-
CTBIX MOJIEKYJ, IOKa3bIBAIOT, YTO BO BCEX CIy4asx

SHOCT > SBpam > SKOII'

3.3.3.6. TEPMOAMHAMMKA KHCJIOTHO-OCHOBHBIX PABHOBECHM
B BOJIHBIX PACTBOPAX

B Tab1. 3.4 npuBeneHsl TEPMOIUHAMUYECKHE ITapaMeTPhl 1711 AHCCO-
UanuK KapOOHOBBIX KHCIIOT, EHOJIOB M CONPSKCHHBIX KMCIIOT aMUHOB
B BOJIHOM PacTBODE.

Jis xkapOOHOBBIX KHCAOT AH° MOYTH ONHHAKOBLI H OYE€Hb OJU3KH K
HYIIO (T. €. JUCCOLHAIUA TePMOHeHTpabHa). YBeIudeHue KHCIOTHOCTH
Ha 5 DOpS/AKOB IIPH HEPEXOJEe OT TPHUMETHIYKCYCHOM K TPHXJIODYK-
CYCHOW KHCJIOTE, TaKUM OOpa3oM, IEIMKOM CBSI3aHO C 3HTPOIHIHBIM
gneHoM (—7TAS®) B raBHOM ypaBHEHUH TEPMOIUHAMHUKH. Bemuunza
AS° 3aBHCHT OT TOTO, B KaKOH CTEITEeHU HEIHCCOIMHPOBAHHAS KHCIIOTA,
C OIHOH CTOPOHBI, ¥ JHCCOIHUPOBAHHEIC HOHEl — C APYTOH, HAPYLIAIOT
CTPYKTYPY XKHJAKOH BOABI MIIM CIOCOOCTBYIOT ee AanbpHEHIleMy YIops-
JIOYMBAaHHIO (MOJEKYIBI BOABI COOMPAIOTCS BOKPYT HOHOB).

B crnyuae dheHO10B cHTyanus uHas: [yis ciabeix xucinor AH® > 0, Ho
MpH BBEJACHUH JIEKTPOHOAKIIENITOPHBIX 3amecTtuteseit AH° craHoBuTCS
MEHBIIIe, & JUI ITHKPUHOBOM KHUCJIOTHI IIpoliece yiKe cIabo IK30TepMHu-
ueH. OMHOBPEMEHHO U DHTPOIHSA CTAHOBHUTCH MEHEE OTPHULATEILHOM.
3TO CBA3aHO C TEM, 4YTO JIEKTPOHOAKUENTOPHBIE 3aMECTHTENH, IO-
JIIpHBIC MO CBOEU MpHUpoje, JACNAIOT MOJIEKYIY HEIHUCCOIMHPOBAHHOM
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Tadnuua 3.4
TepMoaMHAMUYECKHE APAMETPHI IS AUCCOLMALIME HEKOTOPBLIX OPrasH4ecKux
KHCAOT B Boje upu 25°C

AH® AS®  —TAS° AG°
Kucnotsl pK Kka/ — Kxan/ KK/ KKajl/
MOITb MOJb MOJIb MOnb

KapGoHoBbIe KHCIOTBL™

Tpumerunykcychas, (CH3);s CCOOH 5,03 | —0,7 | —25,3 7,6 6,9
Vkeycnas, CH3COOH 4,76 | —-0,2 | —21,9 6,5 6,3
Beusoiinas, CsHsCOOH 4,20 0,1 | —18,7 5,6 5,7
Mypasbunas, HCOOH 3,7 | —0,1 | —174 5,2 5,1
Inanyxcycunas, CNCH,COOH 247 | —0,19) —14.3 4,2 3.3
Juxiopykeycnas, CHCL,COOH 1,26 | —-0,1 | —0,6 1,8 1,7
Tpudropykcycuas, CF3COOH 0,23 0 —-1,0 0,3 0,3
Genonp™™
®enon, CsHsOH a 10,00 55| =272 8,1 13,6
3-Hurpodenon, 3-NO, ~CsH,OH 8,36 49| —-21,8 6,5 11,4
4-Hurpodenon, 4-NO; ~C¢HsOH 7,15 4,7 | —17,1 5,1 9,8

2,4-Tunautpodenon, 2,4-(NO2),CsH30H | 4,09 261 —9,8 29 5,5
ITuxpuHoBas xuciuora,

2,4,6-(NO;); C¢H,OH 0,71 | —-1,5] —6,0 1,8 0,3
Honsr ammonus™™”

Drunammonnit, C:HsNH} 10,68 | 13,7 | —3,1 0,9 14,6

NH; 9,25 | 12,5 | —0,5 0,1 12,6

Anunnuuii, C¢HsNH3 4,60 7,4 3,7 1,1 6,3

2-Xnopauununuit, 2-Cl—CgHs NHJ 2,64 6,0 8,1 -24 3,6

* JlaHHbI€ 1TOTy4eHbl A 26 KapGOHOBBIX KMCIIOT.
** JlauHble monyueHsl a1 23 GeHONoB,
*** JlaHHble nony4eHsl g 21 aHuIyHHEBBIX U |1 THPHUAHHUEBRIX HOHOB.

KHCIOTHl Oonee momspHoil (Dosiee moxoxed HA JAMCCOIMHUPOBAHHBIE
HOHBI) H [I03TOMY Pa3Nnu4yHe MEXAY HEAHCCOUHHPOBAHHON KHUCIOTOH
H WOHAaMH B CIOCOOHOCTH pa3ylopsIOYMBaTh HIIM YIOPAZAOYHBATH
CTPYKTYPY BOZB! YMeHbIIaeTcs. YMenbluenue AH® U oqHOBpeMeHHOE
yeenuderne AS° B pany (eHOIOB NMPUBOAHT K TOMY, 9TO HHTEPBAJ
KHCJIOTHOCTH (DEHOJOB 3HAYUTENbHO OoJiblie, 4eM [Uist KapOOHOBBIX
xucnot (~ 10° u ~ 10° cooTseTcTBeHHO, cM. Tabm. 3.4).

CoBEpINEHHO O0YEBH/IHO, YTO HH3KAs KHCIOTHOCTH AMMOHHMEBBLIX
HOHOB INIaBHBIM 00Pa30M CBSI3aHa C 0YEHb BHICOKUMH TOI0KUTEILHEIMU
snaueHUsIMH AH°. 3nauenus TAS® B 3TOM cilydyae HEBEIIMKY M MEHs-
I0TCS B Y3KOM HHTepBaie okono TAS°=0.

Jma xapGoHoBBIX KHCIOT M beHonoB TAS® > H°, a mus mpo-
TOHMPOBaHHBIX aMHHOB, Haobopotr, AH° > TAS®. Takoe paznnuue,
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[I0-BHAHMOMY, CBS3aHO C 3apsJ0BbIM THIIOM KHCIOTHI: KapDOHOBBIE
KHCIOTBl M (EHONBI SNEKTPHUYECKH HEWTpajbHBI, a COMM aMMOHHS
3apsDKEHBl MTONOXKUTENbHO. IIpH aMcconMandy HeHTPanbHBIX KHCIOT
9HCJI0 HMOHOB B IPaBOH YacTH ypaBHEHHMs Ha nBa Oonblle, YeM B
JIEBOH YacTH, a NPH JTHCCOLMAIMH ITONOKUTENBHO 3apHKEHHBIX KUCITOT
JIOTIONHUTETBLHEIE HOHBI HE BO3HUKAIOT:

AH+H,0 =H;0"+A~, BH'+H,0 = H;0 +B.

HET HOHOB ABa HOHa OAUH KaTHOH OJUH KaTHUOH

TlockonbKy HOHBI (M KaTHOH, ¥ aHHOH) CHIIBHO YAEPXKHBAIOT OKOJIO
cebst MONIeKy/Ibl paCTBOPUTENA, H3MEHEHHE SHTPOITHH [IPH TACCOLUALIMH
HEHTPANBHBIX KHCIOT AOMKHO OBITH 6o0Jice OTpHIATEILHBIM, YEM IPH
JUCCOLHAIIMM 3apsDKEHHBIX KHUCIIOT, NpPY KOTOPOH JOIOJIHUTENbHBIE
HOHBI HE BO3HMKAIOT.

TaxuMm 00pa3oM, H3MEHEHHE KUCIOTHOCTH IIPH TEPEXOAE OT OJHOTO
KJlacca COCMHEHHH K IpyTOMY HIIH B CEPHH CTPYKTYPHO OdeHb OIM3KHX
COSMUHEHHH MOXeT OBITH CBA3aHO WIM TOJIBKO C DHTPOTIMIHBIMH, HIIH
TOJIBKO C SHTANBIMHHBIMA 3¢ dexTamu, WK ¢ oboumu 3ddexramu cpasy.
Ilo3ToMy IpH MHTEpIIpETAIH Ha MOJIEKYIISIPHOM YPOBHE BeIMYHH pK,
B PAacTBOpax XeNaTenbHo 3HaTh BeTHuuHel AH u AS.

3.3.3.s. CPABHEHHE KHCJIOTHOCTH 1 OCHOBHOCTH B PA3HbIX
PACTBOPUTEJIAX

HsmeHenne KUCIOTHOCTH M OCHOBHOCTH IIPH TEPEXONE OT ONHOIO
pacTBOpHUTENsA K APYTOMY CBSI3aHO C Pa3sHBIMH IIPUYUHaMH, U3 KOTO-
PHIX IIaBHBEIMH SIBISFOTCA: 1) pasiiHuMe KUCIOTHO-OCHOBHEIX CBOMCTB
pacTBopuTenei, 2) padiduyMe B MX IOJSPHOCTH, 3) crnenndudeckas
CONTbBATALM MOJIEKY]1 U HOHOB. B namHOM paszerne OynyT IpHUBENEHB
HEKOTOPBIE [IPUMEPE], WITOCTPUPYIONTHE IIPUHIIHITBI IOAX0AA K HHTED-
NpeTalyH BIUSHKUSA PACTBOPUTENA HA KMCIOTHO-OCHOBHOE PABHOBECHE.
IMockonbky AH 1 AS B GOTBUIMHCTBE CTyYacB HEH3BECTHBI, MBI OyleM
OIMPATLCA TONBKO Ha 3HaueHne pK,.

BausinHe KHCJIOTHO-GCHOBHBIX CBOMCTB pacTBopHTeas. /luana-
30H KHCJIIOTHOCTH ¥ OCHOBHOCTH B JAHHOH cpele orpaHuueH coOCTBeH-
HBIMH aM(OTEPHBIMU CBOHCTBAMH PACTBOPHUTENA, T. €. KOKHOM» MEXAY
pK, (S) u pK, (SH") (cumBonamu S u SH™ oGo3nauens! cBoGoaHAs
¥ TIPOTOHHPOBAaHHAs MOJEKYNIbl pacTBopuTens). B Bojge KHCIOTHI ¢
pKy <~ —2 [ONHOCTBIO IUCCOIIMHPOBAaHBL. Bozna HHMBenupyer cuiy
CHJIBHBIX KHCIOT, 00 OHA «CIMHIKOM OCHOBHA», 4roObl nudupepeniu-
poBarh uX. Tak, cepHas W CoJIgHasl KUCIAOTHI, OTIAHYAIONIHEC MO CHIIe
Ha 6 nopaaxoB (ApK, = 6; cMm. Tabn. 3.2), B pa30aBICHHBIX BOAHBIX
pacTBOpax Ka)KyTcs OAUHAKOBO CHJIbHBIMM (3HaueHus pK, —3 u —7,
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IpuvBeAcHHbIe B Ta0a. 3.2, momydeHsl He NPAMBIMH H3MEPEHUSAMH, a
MyTeM KOCBEHHOM OLeHKH). B oTiTHYHE OT HUX MOHO- H AUXJOPYKCYCHas
KMCJIOTHI, OYeHb Oau3Kue mo Beaudune pkK, (2,86 u 1,26 coorBeTcTBeH-
HO; cM. Tabn. 3.2), CHIBHO OTIMYAIOTCA IO CTENEHH AHCCOLHMALHH: B
0,1 M BoxHOM pactBope mepBas auccouuupyer Ha 11% (pH 1,96), a
Bropast —Ha 52% (pH 1,29). Taxue 6muzkue no pK, KHUCIOTHI JIETKO
mruhGepeHIIPYIOTCS B BOAE 10 TOH NPHUYHHE, YTO OHU MPEACTABISIIOT
coboit Oosnee ciaadble kucnoThl, yeM HCI mwin H;SO4.

B yKCYCHOH KHCIOTE, KOTOpas KaKk OCHOBaHue ciabee BOABI (CM.
tabi. 3.3), Haleno ODUCCOMUHPYET TOJALKO XJopHas kuciota, a HNOj
u HCI mucconuuposassl gump B cnaboit crenend. TakuM o6pasoM, B
cnaboocuosHoM pactBoputene HNO; u HCIl BenyT cebs kak ciabble
KHCJIOTBL.

B COOTBETCTBUHM C 3THM clIabble KMCIOTHL B BOAE MOT'YT IOTHOCTBIO
JIACCOIIMUPOBATEH B B0lee OCHOBHOM PAcTBOPHUTENIEC, HallpUMep, B XUI-
KOM aMMHaKe HIIH B aJIKHIIaMHHaX. B 3THX pacTBOpUTENSIX Bce KHUCIIOTHI,
y KOTOpHIX B BoAe pK < 5, T. e. Oojiee CHILHEIE, YEM YKCYCHAs KUCJIOTA,
KaKyTCSl OJUHAKOBO CHJIBHLIMH, TaK KaK IIOTHOCTBIO AMCCOLHUPYIOT.
TaxuMm 00pazoM, Korga KUCIOTY HA3BIBAIOT CHIBHOW HIHM Ciaboil Ha
OCHOBaHUM BEJIMYUHEI PK,, ONpeieIeHHON B BOAE, peub HIET TOJBKO
0 ee AUCCOLMALMU B Boje. B pacTBOpHTENsIX HHOH OCHOBHOCTH IHCCO-
nuanus Oynet npyroif. HexoToprle HaHHBIE 10 KHCIOTHOCTH B Pa3HBIX
PaCTBOPHUTENSAX TIpHBEACHBI B Tabm. 3.5.

PacTBOpHTENE COOTBETCTBYIONIMM 00pa30M BIHAET TAKKE H Ha peakx-
1Y OCHOBaHHH. Bona HuBenupyer cuity ocHoBauuii ¢ pK, (BH) > 16.
Ioatomy NH; K", C;HsO~Li" 1 CH3;SOCH, Na" 6yayt pearnposars
¢ BOIOIf, 00pa3ys COOTBETCTBYIOLIHE COMpskeHHBle KHCIOTH NHj,
C,HsOH u CH3SOCH; u crexuomerpuieckoe koxugectso OH ™. Onna-
KO B MEHEE KUCIOTHOM pacTBoputene, Hanpumep C,HsNH,, ocHoBaHuA,
6onee cunbHble, veM OH™, He OyIyT IPOTOHUPOBATHCS.

Ecnu B3ATE pacTBOpHUTENb OoNee KHCIOTHBIM, 4eM BOAd, TO OCHO-
BaHHs, KOTOpEIe ObutH cnabeiMu B Boze, OyayT 3 GeKTHBHO MPOTOHHU-
posarbcsi. Harmpumep, B H>SO4 cnaboocHOBHBIE B BOJIE apOMaTHYECKHE
aMUHBI IIOYTH IOTHOCTHIO MPOTOHUPOBAHEL

H,SO4 + AINH, = HSO, + ArNHj.

B cepHoﬁ KHCJIOTE JaKe TaKue COCINMHCHM, KaK a30THasi KUCJIOTa HJIU
Kap60HOBLIe KHUCJIOTBI, SABJIAKOTCA OCHOBAHHAMMH:

H,SO, + HNO; = HSO; +ON(OH);,
H,S0; + RCOOH = HSO; +RC(OH);.

B Hawane sroro pazjena ObUTO OTMEYEHO, YTO MHANA30H KHCIIOT
¥ OCHOBaHHWH, KOTOPBIE MOXHO [PHMEHSTh B NaHHOM PACTBOPHTEIE,
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Tabnuua 3.5
3Hauenne pK HEKOTOPLIX KHCIOT B Pa3sHbIX PAcTBOPHTeanx npu 25°
(AMCO — pumeTniacy1bpoKcH )

Kucnora AH pK (AH)
B H,O B CH,OH B JIMCO

HCl -7 1,2 2,0
ITukpuHoBas xucioTa 0,71 3,8 —-0,3
CHC1,COOH 1,26 6,4 5,9
3-NO,C¢H,NHj 2,47 2,89 1,30
CsHsCOOH 4,20 9.1 11,0
CH3;COOH 4,76 9,6 12,6

4 _\\NH
+ (OB NHPHAHHMA) 5,21 5,55 —
N/ )

4-NO,CsH,OH 7,15 11,2 10,4
NH; 9,25 10,8 10,5
Ce¢HsOH 10,00 14,2 16,4
(C2Hs)sNH* 10,72 10,9 9,0
CH;0H 15,5 18,2 29,0
H,O 15,7 18,6 31,4
CH;SOCH; 33 - 35,1

OTPAHUYMBAETCS CTEMEHbI0 aMdoTepHOCTH pacTBOopuTensa. Ecmu pac-
TBOPUTENb MMEET HH3KYIO0 KHCIOTHOCTB, TO B HeM OyIyT HpOSBIATH
CBOM OCHOBHBIE CBOMCTBa UIMPOKUI Kpyr OCHOBAaHHH IIpH YCIOBHUH,
YTO OHH PACTBOPHMEI. AHAJOTMYHO PacTBOPUTENb, HE 001anaroLiui
B 3aMETHOH CTENEeHH OCHOBHEIMH CBOMCTBaMH, HE MOXET HMBEIUPO-
BaTh CHJIY OONBIIOro Kpyra KHCIOT, KOTOphIE B HeM OyayT IIposiB-
JISTh CBOH HCTHHHBIE KHCJOTHBIE CBOicTBa. OJIHAKO XHJIKOCTH, HE
0061aak0NIMe HH KUCIOTHOCTHIO HU OCHOBHOCTBIO, Bpsa Jau Oymyr
XOPOIIMMHY pacTBOPUTENAMH JJIsl KHCHOT M OcHoBaHMH. Hampumep,
cunbHbie (B Bosie) kucnorel CH3SO3H unw NHO; u cuneable (B Boae)
ocuoBanusa (CH3)3CO™K* umu NH=C(NH;), mmoxo pacTBOPHUMEI B
YITIEBOJOPOAAX — PACTBOPHTEIISX, HE 00JIaat0IMX B 3aMETHOH CTEIICHU
HU KUCIIBIMH, HU OCHOBHBIMH CBOHCTBaMH.

B 5TOM acrekTe OYeHB LIEHHBIMH SBISIOTCA TaK Ha3blBAEMBIE M-
HOJIAPHBIE aNIPOTOHHBIE PACTBOPHTENH, HANPUMED ITUMETHICYIbQOK-
cua (JIMCO) umu pumetundopmamus (JIMDA), HCON(CHs);. Ot
KUJKOCTH XOPOIIO PACTBOPSIOT ITOJISIPHBIE MONEKYJIBLl M COJIM U B TO
KE BpeMs ropasfo MeHee KHCIOTHBI H OCHOBHBI, 94EM BOId M JpyTHe
THAPOKCHIILHBIE PACTBOPHUTEIH.

Bausinue QujieKTpHYecKoH NMPOHHIAEMOCTH PACTBOPHTE/S HA
KHCJIOTHI Pa3HOro 3apsaauoroe Tuna. OcobeHHO SpKO BAUSHUE PACTBO-
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pHTENA MPOSBISETCS, €CIH CPABHUBAIOTCI MEXAy coOOH MO-pa3sHOMY
IMEKTPHUECKH 3apsHKCHHBbIE KUCIOThL K3 Tabn. 3.4 BUAHO, UTO B BOJE
IUXJIOPYKCYCHas Kuciiota B 16 pa3 cuiIbHEE HOHA TPHHUTPOAHUIIHHEA,
a B MeraHone u JIMCO uoH ammnuuus B 3-4 x 10° pas cunbhee
JIUXJIOPYKCYCHOM KHCIOTBL. B BOJE YKCycHas KHCIIOTA IIOYTH B 3 pasa
CHJIbHEE MOHA UPHIUHHMSL, 2 OH, B CBOKO OYEpeNb, B METAHONE ABISCTCA
B 12000 pa3s 6onee cunpHOM xucnoroi. denon B Boae B 5 pa3s ciabee
HOHA aMMOHHMS H B 5 pa3 CHIbHEe HOHA TPHUITHIAMMOHMS, HO B
MeTaHone ¢eHoa kak kuciaora B 2500 pa3 cnabee o60MX HOHOB, a B
JMCO o¢enon B 8 - 10° pas crabee NH; u B 2,5 - 107 pas cnabee
(C,Hs);NH*. 3nayenue pK, 3aMelleHHBIX HOHOB aMMOHHS HE OYeHb
CHIIBHO U3MEHSETCs IPU Iepexone oT BoIel kK MeTanomy wiu JMCO,
OHAKO KHCJIOTHOCTH He3apspkeHHbIX OH-xucnor mnpu 3TOM ymeHbHIA-
ercad Ha 4-6 MOpAAKOB. DTO CBA3aHO C BAMAHHEM JHIIEKTPHYECKOM
IPOHHUIIAEMOCTH PACTBOPUTENS.

IIpu AMCCOIMAIMM TMOJIOKHUTENBHO 3apSHKEHHBIX HOHOB AMMOHUSA
00pasyeTcsl MOJOXKUTEIBHO 3aPSHKEHHBIA HOH IIPOTOHHPOBAHHON MOJIe-
Kynsl pacteoputeiia (SHY), T.e. B paBoil ¥ JIEBON YacTAX CTEXHOMET-
PHYECKOTO ypaBHEHHS HMEETCH IO OJJHOMY HOHY:

NE N\ +
/N H+S‘—/N.+SH.

Opnako mis HeﬁTpaJIbHBIX KHUCJIOT B npaBoﬁ YacTH YpaBHEHH
JUcconHany MMCIOTCA 1Ba, 4 B JIeBOM 4acTH — HHA OZHOI0 MOHA:

RCOOH(ArOH)+ S == RCOO ™ (ArO™) +SH".

CrenoBarenbHO, NEPEXOA OT PAacTBOPHTENA C BBICOKOH AMIIEKTpHUE-
CKOH IPOHUIAEMOCTHIO (BOJAa) K MeEHEe IIONSIPHBIM CcpejaM (MeTa-
Hoi1, IMCO) nomkeH CHIBHO YMEHBIIATh KMCJIOTHOCTHh HEHTpadbHBIX
KHCIIOT M OKAa3bIBaTh CPAaBHUTEIBHO MajIO€ BIMAHHME Ha 3apsKeHHbIE
KHCIOTEL. B Tabn. 3.6 mpuBeneHB! NHAIEKTPHUCCKUE NPOHHAIAEMOCTH
HEKOTOPBIX LIMPOKO MUCHOJB3YEMEBIX B IPAKTUKE PACTBOPUTEIIEH.

Crnemnduyeckas corbBaTANMA AHHOHOB. 3apAIHBIH THIT KHCIIOTBI
HIpaeT OUeHb BAXKHYIO POJIb BO BIMSIHHH PACTBOPHTENS HA KHCIOTHOCTG.
OnHako KUCIIOTHI JaXKe OJMHAKOBOTO 3apsijla MOTYT CUJILHO OTIHYATH-
Cd II0 OTHOCHUTEIBHOM KHMCIOTHOCTH B JABYX Pa3HBIX PaCTBOPHUTENSX.
Hampumep, mpu nepexoxe or meranonma k IMCO xucmotHas cuma
theHona ybriBaeT B 160 pa3, HO KHCIOTHOCTE 2.4,6-TpUHUTpO(dEHOTA
(mukpuHOBON KUCTIOTHI) Bo3dpacTaeT B 13 000 pa3 (cm. tabn. 3.5).

O11 HabaoneHUd Heb3si OOBbsICHUTh HHU BIMSIHHEM OCHOBHOCTH pac-
TBOpHTENs (0cHOBHOCTh Meranona ¥ JIMCO npaxkruuecky OJHHAKOBY;
cM. Tabn. 3.3), HM BIUSIHHEM TUDICKTPHYCCKOH NPOHUIAEMOCTH, TaK
KaK CPaBHMBAIOTCS JIBE KMCJIOTHI OJJMHAKOBOI'O 3apsIIHOTO Tuia. MoxHO
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Tabnuupa 3.6
OTHOCHTE/IBHBIE AMIIEKTPHYECKHE NPOHMLaeMocTH (€5 AA BaKyyma ¢ = 1)
HEKOTOPbBIX PACTBOpPHTEJEl

PacrsopuTens € T,°C
Bona 78,4 25
TBepasi nex 94 -2
Popmamuy HCONH; 109 20
HCN (xuak.) 95 21
Mypassunas kucnora HCOOH 47,9 18,5
JAMCO CH;3;SOCH;3 46,7 25
Aueronntpuin CH;CN 37,5 20
JAM®A HCON(CHs), 36,7 25
Hurpobenszon CsHsNO, 36,1 2
Meranon CH;OH 32,7 25
Oranon C;HsOH 24,6 25
#-byranon CsHyoOH 17,5 25
mpem-byranon (CH3); COH 12,7 25
N
1,2-TuxnopBenson | I 9,8 20
XN
Yixeycuas xucnora CH;COOH 6 20
Xnopodopm CHCI; 4,8 20
Bbenzon 2,23 20
CH,—CH.
Twoxean 07 1)0 2,28 20
CH,—CH;

ITenran CsHip 1,8 20,3
NH; (xunx.) 21 —34

royarars, 4ro HaOlromaemoe pasiaudue, 1Mo kpaiHeH Mepe 4acTHYHO,
CBS3aHO CO CIOCOOHOCTBIO PacTBOPHTENS 00pa3OBBIBATE BOAOPOIHBIE
CBSI3M C aHuoOHamu ¢eHoJa ¥ IUKPUHOBOH kuciaoTe. OOpaszoBaHHe
BOJIOPOJIHEIX CBSI3€H MEXKAY PacTBOPHTENEM H PACTBOPCHHBIM Belle-
CTBOM SIBASCTCS OAHHMM M3 IVIaBHBIX BHOB CIEIH(HIECKOH colbBaTa-
unu. TepMun «crrenuduyecKas CONBBATAMM» UCHOIB3YETCS LIS TOrO,
yTOOBl OTVIMYHUTE CONBBATAIMIO, BKIIOYAIOILYIO CHIIbHBIE XMMHYECKHE
B3aHMONEHCTBHS MEXJIY PaCTBOPHUTEIEM H PACTBOPEHHBIM BEIIECTBOM,
OT TaK Ha3bIBaeMoOH «(hH3HIECKO COIbBATAI[MNY, IPH KOTOPOH HE OYEHD
Ba@)XKHBI MOJICKYJISIPHBIC CBOMCTBa CPEIBI, H €€ MOXHO pPaccMaTpHBaTh
KaK KOHTHHYYM, HMEIOUIHI ONpeneacHHY AUNICKTPUUECKYIO IIPOHH-
raeMocth. B pazaene 2.3.1 (1. 2) oTMeyanoch, 4To BOJOPOAHAs CBSI3b
o0pasyercs, Kak IIPaBUiIO, MEXIY IEKTPOOTPHIlATEIbHBIMH aTOMAaMHU.
B o00meM, CriocoOHOCTE IeMEHTOB 00pa30BHIBATH BOIOPOAHEIE CBA3HU
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yOBIBAET B PALY:
OH...O>OH...N, NH...O>NH...N>SH...X,
XH...S>PH...X, XH...P>CH... X,XH...C, 3B.17

rae X — mo6oi aneMedT. Hanbosee CHIBHBIE BOLOPOIHBIE CBA3H 00pa-
3yIOT Meky cobG0oi aToMbl KHCIOpola U a3ora, a Haubonee cnabble —
aToMnl ymiepoaa. CiretoBaTeNibHO, MOXHO 0XXHAATh, YTO PAaCTBOPHTEIIH,
MOJIeKyiIBl KoTopeix comepxar OH- umu NH-rpynnm (cruptel, kap6o-
HOBBIE KHCIIOTHI, IEPBUYHEIE ¥ BTOPUYHEIE aMuHBI), OynyT Hauboiee
CKJIOHHBI K cIield(PUIECKOK COIbBAaTAI[HK yTeM 00pa3oBaHHs BOIOPOL-
HBIX CBs3eil. Takas cuernuduyeckas colbBaTallUs CHIbHEE BCEro OyaeT
oka3piBath BiuaHue Ha OH- 1 NH-kucnoTsl.

Ob6paiuenye OTHOCHTENBHOW KUCIIOTHOCTH (he€HONa M MHKPUHOBOH
KHCIIOTHI IpH mepexoge oT Boabl K JIMCO o0ycnoBieHO pa3iudHon
cIOCOOHOCTBIO ITHX PacTBOPHTENEH 00pa30BhIBaTh BOJOPOAHEIE CBI3H.
OTpunarenbHbI 3apsa (EeHOMAT-HOHa B OCHOBHOM COCPEJOTOYEH Ha
aToMe KHCIIOpPOAa H YacTHUYHO — HA aroMax yIjiepona B napa- U op-
mo-nonoxenusax (Benencreue +M- u +/-3¢QexToB HOHU3MPOBAHHOMN
TMIPOKCUIBHOM IPYIIIBI). ATOM KHCJIOPOo/a ¢ GOIBIINM OTPHIIATEIHHBIM
3apANOM CHIIBHO B3aHMOJACIHCTBYET C METAHOJIOM, KOTOphIH obpa3syer ¢
HUM BOIOPOIHYIO CBs3b. BONOpONHEIE CBI3M C aTOMaMU yriepoa B op-
mo- ¥ napa-MONOKEHUAX 3HAUUTENBHO cllabee, OCKONIEBKY, BO-IIEPBHIX,
B ITHX ITOJIOKEHHUAX OTPHIATEIbHEIN 3apsa/l MaJl, a BO-BTOPbIX, aTOM YT~
JIepona SBISEeTCS IUIOXHM aKIENTOPOM BOIOPONHOU CBs3HU (cxema 3.17).
OTpunarensHbIi 3apsii B aHHOHE NHKPUHOBOM KMCIOTHL pacnpelesieH
[0 CEMH aToMaM Kuciopoga (0ZHOMY ()eHOIBHOMY M IIECTH aToMam
KHMCIIOpOAa TpeX HUTPO-TPYII) U, ITOCKONBKY Ha KaXKIOM KHCIOPOJE
3aps] OTHOCHTEIBLHO Mall, aHHOH INHKPHHOBOH KHCIOTHI oOpa3syer
TOpasfo MeHee IPOYHBIC BONOPOMHBIC CBA3HM C METAHOJIOM, YEM aHHOH
tbenomna:

CUALHas chabas
BOAOPOAHAS CBA3b BOROPOAHAR CBA3L

Taxum obpazom, npu nepexone oT Meranona Kk JIMCO bernonsaT-uoH,
€ TOUKM 3PEHHS COILBATAallMH, IIOTepseT ropa3no OoJbIIe, YeM IMHKPAT-
HOH, T.&. CIOCOOHOCTh AMCCOLMUPOBATH Ha HOHBEI TOpaslo CHibHEE
YMEHBIIUTCS A7 GEHONA, YeM JUIs THKPHHOBOW KUCIIOTEL
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CunbsHOE U3MEHEHUE OTHOCUTEILHON KMCIOTHOCTY KHCIIOT OIHHAKO-
BOTI'0 3apgJHOTO THIIA PH IIEPEXOJIE OT THAPOKCHIIHHBIX K AUIOISPHBIM
aIIPOTOHHBIM PACTBOPUTENSM OCOOCHHO YETKO IIPOABISETCS B TOM
cliydae, KOTIa CpPaBHMBAETCS KHUCJIOTA, B COIPSIKCHHOM OCHOBaHHH
KOTOpOH 3apsaA JIOKaIH30BaH Ha OTHOM HeBGONBIIOM aToMe, ¢ KHCIIOTOMH,
B CONPSHKCHHOM OCHOBAHHUH KOTOPOii 3aps CWIBHO AejIoKaan30Bad. Ha-
IIpUMeEp, B METAHOIBHOM PacTBOpE yriesonopoa ¢uryopaneH (pK, ~ 17)
JTHUIIB HEMHOTO 0oJice CHiIbHasg KUCI0Ta, 4eM MeTaHon (pK, ~ 18).

(]
-+ e

aKMOH (PYOPAJIeHa; BCEACTBHE CONPSHEHHR
Payopanen OTPULATENLHBIA 3apSIfL AENOKANMI0BAH
no scem 19 atoMam yrnepopa

B JIMCO pK, (MeOH)=29, a misa dayopanena pK, = 10,5, T.e.
omHOCUmensHas cuna THX ABYX kucinot Memsierca B 10'® pas. Tpu-
YHUHOH TAaKOro aHOMAaJbHOTO U3MEHEHHSA OTHOCHUTENLHOM KHCIOTHOCTH
SBASETCS CHJIbHAs CONIbBaTallHsi METWJIAT-HOHA B METAHONE ITYTEM
obpazoBaHHd BOAOPOOHBIX CBA3eil. B aHHOHE duryopaleHa BCICACTBHE
Me3oMepHoro 3¢dexra 3apaa pacipeneseH 1o BceM 19 atromam yrirepona
U MO3TOMY 3TOT aHHOH He CKJIOHEH O00pa3OBBIBATH BOAOPOXHEIE CBA3H
B THAPOKCHJIBHBEIX pacTBOpHTesix. ClefoBarenbHO, TaKoH KapOaHWOH
OyIeT B MOYTH OOMHAKOBOH CTEIICHH CONBBATHPOBAH KdK B METAHOIE,
tak 1 B JIMCQO, B TO BpeMs Kak METWIATHBIH HOH, cIOcOOHBII 06pa3o-
BBIBaTh CHJIBHBIE BOJOPOAHBIE CBSI3H, TOPA30 CUIBbHEE CONbBATHPYETCA
METAHOJIOM M [O3TOMY CHJIBHO NeCTaOMIH3UPYETCA NPH IIEPEXOAe OT
pacTBOPOB B MeTaHOJIE K pacteopam B JIMCO.

K conpBaTaiiiyu aHHOHOB MOKHO MpHMeHHTS npuHiAn JKMKO (cum.
paza. 3.2). Aauod CH30™ c jnoxajnu30BaHHBIM 3apsIOM OTHOCHTCS K
KECTKHM OCHOBaHUAM JIploHca, a aHMOH (yopasieHa, 3apsa/l KOTOporo
CHJIBHO JIENOKATM30BaH, BISETCS MATKAM OCHOBaHHeM. Korna rupok-
CHIIBHBIE PAcTBOPHTEIHU COJbBATUPYIOT aHHOHBI NMyTeM o0pa3oBaHus
BOJIOPOMHOM CBSI3H, OHU MPOSIBISIEOT CBOMCTBA JKECTKUX KHCIOT (Tax
KAaK BOJNA, COHPTHl H Jp. —KECTKHe KHCIOTh JIpromca). [TOCKOTbKy
B3aUMOACHCTBHE «GKECTKUH— XXECTKUI» NIPEANOYTUTENIBHEE B3aAUMOICH-
CTBHIO <OKECTKHH— MATKHHY, HeOObIINEe aHHOHBI C JIOKAJTH30BAHHBIM
3apsIOM JIOIDKHBI JIydille CONBBAaTHPOBATBCS B THUAPOKCHUIBHBIX pac-
TBOPHTEIIX, YeM OOJBIINE AaHHOHBI ¢ JCIOKAIHM30BAHHBIM OO0JaKOM
OTPULATENLHOTO 3apaaa. TeHIeHLHS aHUOHOB € OYEHb JIOKAJIM30BaHHBIM
3apsgoM 00pa3oBbIBATh BOJIOPOJAHBIE CBSI3H HACTOJNBKO BeJIMKAa, YTO B
PaCTBOPHUTEIIAX, KOTOPBIE HE MMEIOT aTOMOB BOJIOPOJIA, CKIIOHHBIX K BO-
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JIOPOMHOMY CBSI3LIBAHHIO, TaKHe aHHOHBI 00Pa3yroT BOJOPOAHBIE CBA3H
HE C PaCTBOPHTENISIMH, & C APYTMMH Moliekynamu. Hampumep, B ciaydae
HF annon F~ o6pasyeT BOZOpOJHYIO CBSI3b C HEAMCCOLMHPOBAHHOM
MOJIEKYIION KHCIOTh. DT0 HabmogaeTcs Jaxe B BOAHBIX pacTBOpax:

2HF + H,0 = H;0% + (F...H-F)°.

B namnoM cnywae obpasosanve HF,, a me F...HOH ofycnosneno
TE€M, YTO aHWOH F~ HMeeT 3apsai, CKOHLUEHTPHPOBAaHHBIA Ha OYEHb
HeGoNbIIOM aTtoMe, W TeM, 4to Moiekyna HF cunnHO monmspHa H
sBisercs Ooiee CUITBHOM KUCIOTOH, 4eM BOAA.

O6pa3zosanve wWoHHbIX nap. Ecmm pactBopuTens HecrmocobeH
3¢($EKTUBHO CONBBATHPOBATH AHHOHKI C MTOMOIIBI0 BONOPOXHBIX CBSI3EH,
TO AaHHOHBI MOryT OOpa30BHIBATH KOMIUIEKCHI C HPHUCYTCTBYIONIMMH
B pacTBOpe MPOTHBOMOHAMH, T.€. ¢ KaTHOHaMH. Takue KOMIUIEKCH
HAa3BIBAIOTCA UOHHbIMU hnapamu. B HOHHBIX TIapaX KaTHOH M AHHMOH
CBS3aHBI ITIABHEIM 00pa30M CHJIaMH 3IEKTPOCTATHYECKOIO IIPUTSKEHHS;
(cM. pasn. 2.1.3, mr. 2), HO eC)IH KaTHOHOM SIBJISETCS MOH aMMOHHs (Ha-
puMep, B HOHHOH nape anerara ammorus CH3;COO™NH,), To momumo
YHCTO MEKTPOCTATHUECKOM CBA3KH 00Pa3yrTCsA U BOHOPOAHBIE CBA3M:

O+-+-'H H
) &
CH3—-C/':\e AN
\0.....H H

HonHble napbl B 3aMETHOM KOJIHYECTBE OOpa3yloTcsi B CpeAax ¢
HH3KOH OUBNEKTPUYECKOH IIPOHHIIaEMOCTHIO, TUIOXO COABBATHPYIOMHX
HOHBI, HampUMep B YIIECBOAOPOAAX, MOHOaMHHAaX, HNPOCTHIX 3(upax
u T. 1. PacTBOpHTEE CUMTAETCS MATIO ONIAPHBIM, €CIIH €70 OTHOCUTEh-
Hasg JHDJIEKTpHYIECKas MPOHKIIaeMOCTh MeHbie 10-12; Takum oGpazoM,
nonb3ysch Taba. 3.5, MOXKHO IPEICTABUTE, AN KAKOTO PAaCTBOPHTENS
xapaktepHo oOpa3oBaHHE HOHHBIX Iap. B IUIIOISIPHEBIX ampOTOHHBIX
pacTBopuTensax (aneronurpumie, [IMCO, [M®A, rekcametundocdop-
TpUaMUJE, aleTOHE U T. I.) HOHHBIE Tapbl 00pasyroTCs XOTI U B
MEHBIIEH, HO BCE JX€ 3aMETHOM cTemeHH. Jleno B ToM, 4TO XOTA
3TH PAacTBOPHUTEIM HMET BBICOKYI0 OTHOCHTEIBHYIO AHAIEKTPHUE-
CKYI0 NPOHHUI[AEMOCTD, UX MOJIEKYJIbl HE COAEPIKAT aTOMOB BOIOPO.A,
CrocoOHBIX 00Pa30BBIBATH JOCTATOYHO CHIIBHBIE BOJIOPOJHBIE CBSI3H.
C npyroit CTOpoHE!, XOTS KapOOHOBBIE KHCIOTH 001agaroT $OoabLIOi
CKJIOHHOCTBIO K 0Opa30BaHMIO BOIOPOJAHBIX CBA3€H C aHHOHAMHU, IS
HHUX XapaKTepHO 00pa3z0oBaHHE MOHHBIX [1ap, TAK KaK 3TH PACTBOPHUTEIH
HMMEIOT HU3KYIO IHATeKTPHUECKYI0 IIPOHUIAEMOCTE (KpOME MYpPaBbUHOM
kucaotsl HCOOH). To ke camoe OTHOCHTCA K CITHPTaM {KpoMe MeTa-
HOJIa ¥ 3TAHOJIA): HApHMEp, mpem-0yTUIAT Kalusd B mpem-0yTaHoire
ABISIETCA OCHOBAaHMEM Oollee CHUIBLHBIM, 4eM mpem-OyTHIIAT HATPHUA,
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TaK KaK MEHBIUHH 110 pasMepaM Gosiee XeCTKHH kaTHoH Na® myumie
xoopauHHpyercs ¢ aHnoHoM (CH3);CO™ (kecTkoe OCHOBaHHE).

CoabBaTanud  He3apsUKeHHBIX 4YacTHI, YYACTBYIOIIHX B
KHCJIOTHO-OCHOBHOM PaBHOBecHH. [Ipu nepexone oT BoJbl K METAaHOIY
PacTBOPUMOCTH Hapd-HUTPOOSH30MHOM KHUCIIOTE Bo3pacTaeT B 125 pas,
a MUKPHHOBOM KUCJIOTBI — JIHILIG B 11 pa3. 3T0 3HAUUT, YTO [IpH 3aMeHe
BOJBI HA METAHOII CONbBATaLlUs napa-HUTPOOEH3OMHOR KHCIIOTH YBETH-
yysaercs B 125/11=11,4 paza cuibHee, 4eM CONbBATAIMSA IMKPHHOBOH
kuciaoTel. B Boxe mukpuHoBas kucnora B 400 pas, a B MeTaHoie B
19500 pa3 cunsHee napa-HUTPOOECH30HHOH KHCNOTHL. ClieI0BaTEILHO,
49-kpaTHOE H3MEHEHHME OTHOCHUTENBHOH KHCIOTHOCTH, HPOHUCXOMSINEE
IIPH IEPEXOE OT BOABI K METaHOMY, COCTOHUT u3 11,4-kpaTHoro addexra,
CBS3aHHOIO C PAa3dM4MEM B COJAbBATAMU HEHTPANbHBIX MOIEKYI
3THX KHCIIOT, H TOIbKO M3 4,3-xparHoro »¢dexra, CBA3AHHOIO C
H3MEHEHHEM COJIbBAaTallUM aHHOHOB COMNPSDKEHHBIX OCHOBAaHHMH. DTOT
IIpMMep IIOKa3blBaeT, YTO NPW aHaNW3e BIMAHUS pPacTBOPHTENIS Ha
KHCJIOTHO-OCHOBHBIE CBOMCTBA HEOOXOOMMO YYHTHIBAaTh H3MEHEHHE B
CONBbBATAIIMH BCEX YACTHI], YIACTBYIOIIUX B PaBHOBECHU, H HE TOJILKO
HOHOB, HO ¥ HEWTPAJBLHBIX MOJNEKyl. XoT#s B OONBIIMHCTBE Ciyyaes
BIIMSHUE PACTBOPHUTEJS B IEPBYIO Odepedb CBA3aHO C CONbBATAaLHeH
HOHOB, HMEIOIIHX CUIIBLHO JTOKATH30BAHHBIH 3apsl, HEAKPAHHPOBAHHBIN
OOBEMHUCTBIMHA ~ HEMOJISPHBIMU  TPYHIIAMH, IS [OJHOH KapTHHBI
HEOOXORHMO YYHTBIBATH M COJBBATALHIO NMEKTPHUYECKH HEHTpaIbHBIX
KOMITIOHEHTOB KUCIIOTHO-OCHOBHOIO PABHOBECHUS.

ConsBaTauus, CBSI3aHHAas ¢ NOJAPU3YeMOCTHIO. B3aumonelicraue
MEXIYy OUNOJIEM H HHIYLHPYSMBIM UIICIEM HIIM MEKIY ABYMSA HH-
JyHHPOBAHHBIMHA JHITOISIMM YBETHYHBAETCA C POCTOM IIOISIPU3YEMOCTH
B3aHMOJICHCTBYIOIIUX MOJIEKYI MU YMCHBIIAETCA C YBEIWYEHHEM pac-
CTOSIHUS MEXAY HUMH (pa3n. 2.1.3). Monekynas! WIH HOHBI, B KOTOPBIX
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BOB Tkos

Puc. 3.5. ConbBaraius pacTBOpUTEEM, COCTOAUINM U3 HeGonbwuX (@) H Gonbuux (6)
MOJIEKY.I
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3NMEKTPOHBl CHIBHO [IE€NOKaNH30BaHbl, obnanarr Gonpmieid mOnApH3y-
eMocThio. TakuM 00pa3oM, ecliM B KaKoH-TO peakIHH 00pasyloTcs
WJTH MCUE3aI0T YaCTHIB! ¢ CHIIBHO EIOKaJIM30BAHHBIMH 3JIEKTPOHAMHU,
MOXXKHO OXHJaTh, YTO HA JTY peakuuio OyaeT BIUATH U3MEHEHHE ITOo-
JISPU3YEMOCTH PacTBOpUTeNs. EcH pacTBOpHUTENEL COCTOMT M3 HEOONb-
NHX IO pa3MepaM MOJIeKyd, TO Y HEero coiabBaTalys, oOyCIOBIeHHas
MOJIAPU3YEMOCTHI0, Oyner Mana. B yacTHocTH, y BoAb! 3hdexkTHBHAA
MOJSAPU3YeMOCTh 3HAYWTENILHO HHXe, 4eM y OONBIIMHCTBA APYTUX
pacTBopuresnedl. 3T0 06yCIIOBIEHO HE TONBKO TEM, YTO ATOM KHCIOPO.a,
CBSI3aHHBIM IIPOCTOM CBA3BIO C aTOMAaMH BOAOPOZA, MEHEE NOJAIPH3YEM,
9YeM aTOMEBI YITIEPOZAa B Cephl HTH aTOM KUCIOPOAa, CBI3aHHBIA JBOMHOM
CBA3BI0, HO M TeM, 4TO MOJIEKyJa BOJBI COCTOHT BCEro M3 Tpex
He0OJBNIHX aTOMOB, KOTOPbIE MOTYT TECHO MPHOIU3UTHECS K MOJNEKYIIe
pacTBOPEHHOro BemiecTBa. Korma MoieKyna pacTBOPEHHOIO BellecTBa
OKPYXaeTCs HECKOJIBKHMH MOJIEKYIaMH BOABI, KXKBIH U3 TPEX aTOMOB,
obpasyrouux 3TH Mojiekyasl H,O, Oymer pacrionoxkeH O4YeHb OIHM3KO
K HEKOTOpOH obimacTi 0OfbUION MOJEKYJIbl PACTBOPEHHOrO BELICCTBA.
Monekynbsl BOABI BO BTOPOM CI0€ PaCTBOPHTENS HAXOMATCS Aanblie OT
MOJICKYJIbI PACTBOPEHHOTO BEMIECTBA 10 CPABHEHHIO C MOJIEKYJIAMH IIep-
BOTO CIIOS Ha BEJIMYHHY BaH-ACP-BaalbCOBA PACCTOSHUSA MEXIY IABYMs
MOJIeKyi1aMu Boabl (pHc. 3.5,a). OHaKo KOrna Mojexysia paCTBOPEHHOTO
BENIecTBa OKPY)KeHa KPYIHBIMH MOJIEKYIaMH PacTBOPHTENSH, NEPBBIH
CJIOH aTOMOB BOKPYT MOJIEKYJIbI PACTBOPEHHOIO BENIECTBA HAXOMUTCS
Ha TakOM K€ pacCTOsHUU, Kak U Monekyiasl H>O B ciyuyae BomHBIX
PacTBOPOB, HO BTOPOH CI0H COCTOMT INIABHBIM 00pa3oM U3 aTOMOB TEX
MOJIEKYJI PACTBOPHUTENS, K KOTOPBIM IIPHHAJUIEKAT H aTOMBl IIEPBOIO
cnost (puc. 3.5,6). CrnenoBarensHO, aTOMBl BTOPOrO CJIOS OTCTOAT OT
MOJIEKYIBl PAacTBOPEHHOrO BEIIECTBa YK€ HE a BaH-AEp-BaajbCOBO
paccrosgHue, Kak ObUIO B CIyuyae COJbBaTallMd BOZOH, a JMIOL HA
IUIMHY KOBAJICHTHOM CBS3M, KOTOpas 3HAYUTEIHHO MEHBIIE CYMMBI
BaH-Jep-BaalbCOBLIX paanycoB (cM. Tabm. 2.2, m1. 2). DTO 3HAYMT, UTO
BTOpO# ci0if aTOMOB OyzeT akTHBHEE Y4acTBOBATh B JUCIEPCHOHHBIX
B3aUMOACHCTBUAX C PACTBOPEHHBIM BEIIECTBOM.

W3 naanbix Tabn. 3.5 BHOHO, YTO NIPHU repexone oT BOAHI (TpexaToM-
Has monekyia) Kk JJMCO (mecstuaroMHast MOJIEKyTa C JIETKO NOJISIPH3Y-
eMoit cBsa3p10 S—O) KHCIOTHOCTE, KaK NPaBWI0, yMeHbmIaeTcs. OqHaKo
B Cllydae MHKPUHOBOH KHCIOTHl M 3-HUTPOAHHIMHA, COIPSDKCHHBIC
OCHOBAaHHs KOTOPHIX OONaTaloT CHIBHOH MOJMSpH3YEMOCTHIO (Tak Kak
OpY MOHM3AIMM BO3PACTAET CTENEHb JIEJIOKATH3aLUH 7-3JIEKTPOHOB,
nockonbkKy (+M)-addext rpymner —O~ Oomeine, a rpymnsl —NH,
3HAYUTENbHO Gonplile MesoMepHoro sddexra rpynn —OH u —NHJ),
npu nepexoae oT Boas! k JIMCO KUCHOTHOCTE BO3pacTaeT. Bo3aMoXKHO,
YTO 3TO KaK pa3 ¥ CBA3aHO C JHCMNEPCHOHHBIMH B3AHUMOLCHCTBHAMH
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MEXY JIErKO IONSPU3YEeMBIMH aHUOHAMH H JIETKO MOJISIPH3YEeMBIMU
moJiekynamu JJMCO.

3.3.4. PYHKIIMU KHCJOTHOCTH

KuciiotTHocTe B pa30aBieHHBIX BOJHBIX PAcTBOPaX BHIPAKAETCH
BenuunHOM pH. [lons3ysick TabnunamMu 3HadeHH# pK, KHCIOT (cM. Tad.
3.2) u ocHoBaHu# (cM. Tabn. 3.3), ¢ momomeio ypaBHeHus (3.15) (s
HOHHM3alUK OCHOBAHUM B 3TOM ypaBHCHHH UHACKC AH HY)XHO 3aMEHHUTH
Ha BH', a ungexc A~ Ha B) Jlerko BBIYHCINMTB, 9TO, HAPHMED, TIPH
pH =7 denon (pK, = 10) aucconuuposan #a 0,1% (([A~]/[HA] = 1073),
a annauH (pK, =4,6) nporonuposan Ha 0,4% ([B]/[BH"]=251).

AHaJIOTHIHO MOXKHO PACCUUTATH, 9TO aM(OTEpHBIN 8-OKCHXHHOINUH,
KOTOPBIH MOXKET BeCTH cebs H KaK KHCIIOTa:

> — ~
N
(2]

OH 0
" KaK OCHOBAaHHUE:

= +
| + H0t —=
P
N

OH OH

+ Ho0 (PKa=5,1),

|

=X

npH pH okoio 1,5 He 6yner HU IPOTOHHUPOBATHCS, HU ICIPOTOHUPOBATH-
csl, T. €. OyAeT HaXOQUTHCs B HEHTPAIBHOM (hopMe, TOrAa Kak, HallpHMeEp,
npu pH=44 84% wMoxaexyn 8-oxcuxuHomMHA OYIyT CyILECTBOBaThH B
BUJe KaTHoHa, a npu pH=10,9 91% monexkyn OyneT cyniecTBOBaTh
B BHAE aHHOHA. Takue TepMOOUHAMHYECKHE pacderhl, 0e3ycIOBHO,
[IPaKTHYECKH ITOJIE3HBL.

OueHb cirabble KHCIIOTH B Oy TUMON CTEIIEHH HOHU3UPYIOTCS THIID
B KOHUEHTPHPOBAaHHBIX pacTBOpax OCHOBaHUH, TaK € KaKk OYEHb
cnabble OCHOBaHHA IIPOTOHU3UPYIOTCSA JIHIIL B KOHIEHTPHPOBAHHBIX
pacTBopax KMcJOT. [lJId KOHUEHTPHPOBAHHBIX PacTBOPOB YPABHCHHE
(3.15) HenpuMeHHMO, TaK KaK OHO OBUIO BBIBENEHO IIPU YCJIOBHH,
970 KOA(QQUIMEHTh aKTHBHOCTH PaBHBI eauHHIle (cM. pasg. 3.3.2).
YpaBHenue (3.15) Hems3ss OpUMEHATHh TakXKe JUIS HEBOAHBIX PACTBO-
poB. B 1932 r. I'ammer u [leiipan NpeMIoXHAIH HMCIOAB30BAaTh s
KOHLICHTPUPOBAHHBIX PACTBOPOB CEPHOH KHCIOTHI BMeCcTO pH ammu-
pHUecKyI0 QYHKIUIO KHCIOTHOCTH, 0003HAYEHHYI0 HMH CHUMBOJIOM Hj
(«am HOmby). Jlas moRu3auuu ciaboro ocHoBanus B (B+H™ = BH")
Besmuuna pK, (BH') ompenensiercsa cieayromum BbipaskeHueM (cp.

pazzn. 3.3.2):
1 vy [B]
K, (BH" =1 ( ———>~ ,
R e A

(3.18)
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e v — ko3 HULIHEHTH aKTHBHOCTH; @ dpg+ — aKTHBHOCTh CONBBATH-
POBAHHOTO MPOTOHA. BenuuHHy apg+, B IPHHIHIE, BCETAa MOXHO
HM3MEPHUTH, HO ONPEAETUTEH KO GIUIIMEHTHI Y O4eHb CIIOXKHO, TeM boree
YTO OHH MEHSIOTCSl B 3aBHCHUMOCTHM OT cpeabl. l'ammer u [ledipan
IUIS peleHHus 3TOM mpoOiaeMbl UCIIONB30BANIM CEPHI0 MHAUKATOPHBIX
OCHOBaHH# (3aMelIeHHbIe B KOJIbLIE aHW/IHHBI), 3IEKTPOHHBIE CIEKTPHI
KOTODPBIX CHJIBHO OTIHMYAINCH OT CIIEKTPOB COOTBETCTBYIONIMX COIpS-
JKEHHBIX KHCJIOT, U 1mo3ToMy oTHoiuenue [B]/BH'] (ypaBuenue (3.18))
MOXXHO OBUIO JIETKO HU3MEPHTH CHEKTPO(GOTOMETPUYECKH WM KOJIOPH-
MmeTpuuecku. Bemuuanny [B]/BH'] npunsto 0603Hayars cUMBOJIOM [;
OHA HA3bIBAETCS HHIUKATOPHBIM OTHOIICHHUEM.

PaccmoTpuMm aBa ocHoBaHus — B u B,, pactBopeHHble B CepHOH
KHCJIOTEe OJHON M TOM K€ KOHLIEHTpPAaIlM{, YTOOBI st 000HX pacTBOPOB
ays+ ObLIH onmHHakoBhl. Ecny uuaukaropel B; m B; B3sATHI B OueHb
HU3KOH KOHUEHTPAIMH, HX BIHSHHEM Ha JaHHYIO Cpelly MOXHO Ipe-
HeOpeus. ([Ina mpakTuueckux Iened HY>XXHO HCHONL30BaTh By U B,
uMmeromre omuskne pK,, 9TOOB U TAHHOTO pacTBopa 006a HHIAHKATOP-
HBIX OTHOWIEHHUA — /1 U [, —nexanu B 00JaCTH, II€ UX MOXHO TOYHO
u3Meputh, Hanpumep ot / = 0,1 no / = 10). Beiuuras ypaeuenue (3.18)
st B, u3 ypasHenus (3.18) ans By, nonygaem

pKa(BH") =1g(vp,n+/78,) — 18(¥8,1+ /8, Y18l — g 11,

rne I} u I, —uHAUKaTopHble OoTHOLIEHUA s B 1 B, cooTBercTBeHHO.
OKCNMEepUMEHTAIBRHO U3MEPUB 3HaYeHHe { AN pa3IMYHBIX Hap ciiabooc-
HOBHBIX aHWJIHHOB, B3ATHIX B Ka4e€CTBE MHAMKATOpOB, ['aMMeT 0OHapy-
KWL, 4TO JUIsl OIU3KUX IO OCHOBHOCTH B u B, rpaduku 3aBHCUMOCTH
lgl; u lgh ot xornenTpanun H;SO4 oka3zanuce nmpakTHYECKH Hapall-
JENBHBIMA PYT APYTY (puc 3.6,a). 310 o3HavaeT, yto Algl/ =1gh—lgl
HE 3aBHCHUT OT ays+ M, CIENOBATeNbHO, [g(ve,u+/v8,) — 18(7B.11+/YB,)
TaIOKE HE 3aBUCHT OT ayg+.

B cepun u3 14 3aMenieHHBIX HUTPOAHUIMHOB OBUIM IPOBEICHBI
HapHble CpaBHEHUS HHAKKaTopoB B /By, By2/Bs, ..., B12/Bi3, Bi3/Big
(puc. 3.6,a) ¢ MOCTEIIEHHO YMEHBIIAIONIEHCS OCHOBHOCTBIO OT Iapa-
HUTpoanmirHa (B) o 2,4,6-tpunurpoanminga (Bi4), 9TO mO3BOIMIO
OXBaTUThL OYEHb IIUPOKHUH HHTEPBAT KOHIIEHTPALMH KUCIIOTHI OT CHALHO
paz0aBIeHHON B cilydae mapa-HUTpoaHHNHMHa 1o 98%-ft —B ciyuae
TPUHHUTpOaHWIMHA., B pa30aBleHHOH KHUCIOTE < == 1, H IO3TOMY
lg(v, 1+ /78, )—18(VB,1+ /¥B,) = 0. VI3 mapHoit napasurensHOCTH rpadHKOB
{xpuBas st B| nmpakTHuecku napajuieNnbHa KpHBOH Ui B,, kpuBas ais
B, nmapannensHa kpuBo# ju1a B3 M T. A., ogHako ripu nepexoge ot By k
B4 mapamutensHOCTH He HAONMIONANOCh; CM. pHUC. 3.6,a) CIIenyeT, 4TO ITOT
WIeH NpAOIH3UTENBFHO paBeH HYMIIO IpH Bcex KoHLeHTpanusx H>SOy,
T.€. OTHOIIEHHE Ypy+/Ys 3aBHUCHT TOJIBKO OT KHCIOTHOCTH CPeibl, HO
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Puc. 3.6. 3aBHCHMOCTS HHAHKATOPHBIX OTHOLIGHHH OT KOHUEHTPALMHA CEPHON KHUCJIOTHI
(a) u obumii Bua pyukuuii kucnotHoctd Ha, Hy u Hy (6)

HE OT NPHPOIAL] MHAMKATOPHOTO OCHOBaHM. DTO O3HAYAET, YTO, XOTH
HCTHHHBIE KO3(G(HUIIMEHTH aKTHBHOCTH MOTYT CHJIBHO H3MEHSATHCS [IPH
U3MEHEHUH Cpefibl, OTHOCUTENbHbIE CBOMCTBA CTPYKTYPHO MOROOHBIX
HHJUKaTOPOB OCTAIOTC OJHHAKOBBIMH.

YrobBsl NOIYyYUTHh HHTETPANIbHOE NPENCTaBIEHHE O KHCIOTHOCTH
cmecer H;O/H,SO, B wuHrepBane or 0 no 100% xoHUIEHTpaumu
K{CIIOTBI, HY’)KHO CABHHYThH HHAUBUYalbHbIE KPUBBIE Ha puUC. 3.6,a Bep-
THKaJBHO BBEPX, YTOOBI OHH NEPEKPHUIHCE MEX Y cobol 1 0GpasoBaiu
HETIPEPHIBHYIO THHUIO. DTa JIMHKA M300paxkeHa Ha puc. 3.6,6 (Hp).

VYpasuenue (3.18) Teneps MOXKHO 3allHCarh B BUJIC

pKo(BHY) = —Ighy — gl = Hy — g1, (3.19)

rae ho = aus+ +vs/vsu+ ¥ Ho = — lgho. Iapametp Hy siBasiercss Mepoi
[IPOTOHOAOHOPHOH CIIOCOOHOCTH CPEABl U MOITOMY HA3BIBAETCH (HyHK-
yueti xucromuocmu. B pazbaBiIeHHOM BOIHOM pacrBope hg = [H30"],
T. €. Hy = pH. B KOHUEHTpUPOBaHHOM pacTBOpE /g > [HS™]. Hanpumep,
B 50%-# (~ 7,5 M) H,SO4 Hy = —3,38, 1.e. by = 4000. B 100%-i
H;S04 (~ 18,8 M) Hy = —12,1, T.e. hy = 102!, Takas Gonpmas
KHCITOTHOCTH KOHIIEHTPHPOBAHHOW KHUCJIOTB! OTpaXkaeT TOT (hakT, 4UTO
B pa30aBIeHHOM pacTBOpPE HPOTOH CHBHO ruaparupoBadH. OBLIYHO
THAPATHPOBAHHBIH OPOTOH 0603HayaroT kak H3O", Ho Ha camom nele B
THOpATalMi yIacTBYeT OOMNbIIee YHCIIO0 MOJIEKYT BOJBI, OOGBIYHO YEThIpE.
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Tak, ecnu 3KCTParupoBaTh CHIBHYIO KHCIOTY H3 BOJHOIO DPacTBopa
B opraHuueckyio a3y, oHa OOBIYHO 3axBaThiBaeT C co0Oil HeTwIpe
MOJIEKYJIB! BOJIBL, 8 6€3BO/IHBIE KHCIIOTHBIE HOHOOOMEHHBIE CMOJIBI JIETKO
MOIIOIIAIOT 4 MOJIEKYIB! BOABI Ha ONUH KUCIOTHBIH OCTATOK.

/O&\)

H \H
i

. ~... OH,

H0 0K,

B KOHIIEHTpUPOBAHHOM KHCIOTE MOJEKYJ BOJALI MAJIO, COJbBATALUS
MPOTOHA HEMOJHAA ¥ OH OYEHb CKJIIOHEH KOOPIHHUPOBATLCA C APYTHMH
OCHOBaHHSAMH.

Ilpu nomapHOM CpaBHEHUH HHAMKATOPOB MPH OJUHAKOBOH KOHIICH-
TPaHHH KHUCIOTH MOXXHO ITOJIYYUTD JIMIIE PA3HOCTh MEXAY BEIIMUHHAMM

pK, ocHOBaHMI:
PKa(B1H") — pKa(B.H) =gl — 1g ;.

CienoBarenbHo, YToOH MONYYHTh abcomroTHble 3Hauenus pK,(BHY),
HYXKHO Ha4dHAaTh TaKHE CpPaBHEHWA C [OCTaTOYHO OCHOBHOIO WH-
JTUKaTopa, OIS KOTOPOIo MOXHO H3MepuTek pK, B pa30aBIeHHOM
BOAHOM pacTBope. B KkadecTBe TakKOro OCHOBaHHS [aMMer BBI-
Opan napa-uutpoanmnmun (pK, = 0,99 cm. tabn. 3.3). Torma mis
2, 4-nuautpoanmiuda pK, = —4,53, a ana 2,4,6-TpHHUTPOAHUIIMHA
pK,=-10,1.

Cynepxucible cpeabl. Bpicokoe oTpHIaTenbHOE 3HAY€HHE KHUC-
JIOTHOH (YHKIIMHM O3Ha4aeT, 4TO JaHHAsg KHCJIOTHas cpefa obiagaer
CHIIBHOH IPOTOHOJOHOPHOH cmocobHocThI0. Ecimn mporoHOnOHOpHas
CHUJIA KUCIOTHOM CHUCTEMEI paBHA MJIM NPEBBINIAET IPOTOHONOHOPHYIO
cuny 100%-i cepHOH KMCIOTBI, TO TaKUE CPEABl HA3bIBAIOTCA Cynep-
kucavimu. B Tabn. 3.7 npuBenens! 3HayeHus Hy Juis OJMHHAALATH
KHUCJIOT ¥ KHCJIOTHBIX CHCTEM, BOCEMb M3 KOTOpBIX cuibHee 100%-it
H;S80,. Cynepkucasie cpeapl MIHPOKO UCIOAL3YIOTCS B OPraHWYECKOH
XHMHM JUISS TeHEpallMd W CHEKTPAIHLHOTO HCCIEOBAHUSA alKWIbHBIX
kap6okarnoHoB (R), apeHoHHeBBIX MOHOB (ArHj), HOHOB aNKOHWA
(AlkH}) ® ApyrHx 4YacTull, MMEIOIIUX NOBBIIEHHYIO CKIOHHOCTH K
peaKuHsIM ¢ HyKIeohuiiaMu.

JApyrue GpyHxkuun xucioTHocTH. dyuxnusa Hy UMeer TOT HexocTa-
TOK, 4TO €€ MOXXHO IPUMEHSTH TOJLKO K OCHOBAHHAM, IUIA KOTOPBIX
U3MEHEHHE ~ypy+/Yp C KHCIIOTHOCTBIO Cpefibl IapajUuleIbHO TaKOMY
U3MCHCHHIO JUISI 3aMEIICHHBIX B KOJIbIE aHWJIMHOB (Takue OCHOBaHMA
Ha3BIBAIOTCS OcHOBaHMsAMH ['aMmera). OnHako Kora OCHOBaHHS IO
cBOEH CTPYKTYpe CUIBHO OTIMYAIOTCS OT 3aMEIICHHbBIX aHHIMHOB, OHH
MOI'YT BECTH cebst HHave.
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Tabauya 3.7
3navenns Hy A1 HEKOTOPBIX KHCJIOT H KHCJIOTHBIX CHCTEM

Kuenora A Kucnotnas cucrema —H,
(MOJIBHOE COOTHOIUEHHE)

H>S04 12,1 H,SO4 — SO3 (3: 1) (oneym) 13,6
FSO;H 13,9 - H2804 — SO3 (1: 1) (oneym) 144
CISOsH 12,8 FSO3H — SbFs (1: 1) 17,5
HF 10,1 HF —SbFs (9:1) 20
CF;SO;H 13,0 HF — SbFs (1:1) > 20
CF;COOH 3,05

Hampumep, ecnu B KayecTBe MHIMKATOPOB HCIIONL3OBATH aMHUJIBI,
TO BMeCTO (pyHKiuu Hy MO OMUCAHHOMY BBINIE METONY JUIS HHX
MOXHO BBIBECTH Apyryo ¢yuxuuio (Ha Ha puc. 3.6,6). s amunos
pK.(BH") = Hx — lgl. Yucnenno Hy Bcerma mensme Hy, M Takoe
pa3iuume, HECOMHEHHO, CBS3aHO ¢ pa3NHYUeM B FHIpaTallii KATHOHOB,
[No-BuMOMY, aMHIHBIE KATHOHEI IHIPaTHPOBaHb] CHIIFHEE HOHOB aHH-
JHHUSA, H [T03TOMY 00pa30BaTh KATHOH B KOHUCHTPHPOBAHHOH KHUCJIOTE
aMUJly CTAHOBUTCS TPYAHEE, YeM aHWIHHY. AMUJIBI IIPOTOHHPYIOTCS MO

KHCIIOPORY: o +
OH
V 5 Vs
R—cZ 2o p—cl
NI, NH,

3ameleHHbIe TUPUAHE-N-OKCHAB! TaKXe IPOTOHUPYIOTCS IO KHCIOPO-
Ty, ¥ LIS HUX TOKE MpHUMeHrMa GyHKIUA HA:

4 Mg 3%/ A—on

X X

B Hacrosiiee BpeMs CYIECTBYeT MHOMXECTBO JPYTHX HOA00-
HbIX (PYHKIMI KUCIOTHOCTH IS OCHOBaHMH pa3znuyHoro tuma: N,N-
JuankwianunuHos (H'), anxumunnonos (H;) B cepHOM KUCIOTE, IS
xoHnentpupoBanHelx pacteopoB HCI, HCIO4, HF, FSOsH u T. .

Heckonbko ocobHaKoM cToUT QyHKIMS Hg+, KOTOpas OLpeHessieTcs
H3 PAaBHOBECHUS HOHH3ALMH CIUPTOB B KOHIEHTPUPOBaHHOH HySO4:

ROH+H = R"+H,0.

O6prgHo R saBnsercs TpHapmwiMeTwiIbHON rpynnod ArsC. [lns stoit
peaKiiui
[R7]

Ay, 07VR*
Hye =1g ZHOMR g Qg i (3.20)
ROTE asH*YROH PR [ROH]

rie K+ — KOHCTAHTa PaBHOBECHs 0OpaTHON peakiu R ¢ Bogoi.
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Benuunusr pKr+ SBAAIOTCS KOJTHYECTBCHHOH XapaKTepHCTHKOR OT-
HOCHUTENBHOR CTabWabHOCTH KapbokaTuonoB R* B CHIIBHO KHCIBIX
cpenax. Ilockonbky Boma sgBisieTcsl NMPOAYKTOM paccMarpHBacMoiH pe-
akuMu, QyHKIHMsS Hp+ HMEET JOBOJIBHO PEe3KUH [OAbeM MpH OONBHIMX
KOHLEHTPAUHAX KHCIOTH (puc. 3.6,0). 3HaueHus pKgr+, ONpe/IeIeHHbIe
C MOMOIIBIO 3TOH GyHKIIMH, PUBEIEHE! B Ta0n. 9.15 (. 9).

®dyuxnus H_ a8 cniabHOOCHOBHBIX cpel. B obo3znaduenusx Hy
HHJEKC «HOJbY» IIOKA3bIBAET, YTO 3Ta (YHKIUS KOPpEIUpYeT NpPOTO-
HHUPOBaHHE IIEKTPHYECKH HEUTPAIBLHBIX OCHOBaHHWI aHMIMHOB. Ecax
OCHOBAHUA HMEIOT OTPHUATEIbHBIN 3apsl, TO JOIKHA CYIIECTBOBATh
Jipyrasi GyHKIHA, KOTOpas OMUCHIBAET HX NPOTOHUpOBaHMeE, 0003Havae-
Moe CUMBOJIOM [_. («am MuHYyC»). B opraHuyeckoil XHMHH O4Y€Hb Majo
AHMOHOB, KOTOPbIE BBDKMBAIH Obl B KOHIEHTPHPOBAHHBIX PACTBOPAX
KHCJIOT, XOTSI OHH, KOHEYHO, €CTh. K TAaKMM aHHOHAM OTHOCATCS, B 4acT-
HOCTH, IOJIHIHAHUPOBAHHBIE CONIPSKEHHBIE KApOaHHOHBI, HAIPHMED:

NC CN

)
Ne - (NC).e=C(cN)—ClCN),
oN )
TIEHTALMAHLAKNONEHT a3 SUEHNALHbLI MEHTUNAHARNMALHAIM
P aHHON
py <~11 PKy=-85

BonpmIMHCTBO APYTUX OPraHUYECKUX AHHMOHOB (KapOaHHOHOB) OT-
HOCATCS K TUILy CIJIBHBIX OCHOBAaHHH M IIOTOMY Hallello POTOHHUPY-
10TCH Jaxke B paszbaBieHHOH kucnmore. OMHAKO MPOTOHHU3AUMIO OYEHD
CUJIBLHBIX OCHOBAHHH (WIIM, APYTHMH CIIOBAMH, OTIIEIUICHHE IIPOTOHA
OT O4YeHb CJAOBIX KHCIIOT) MOXXHO HCIIONb30BaTh I ONpPEIeSICHHUS
MEpBl OCHOBHOCTH CHJIBHO OCHOBHBIX Cpe€l, K KOTOPHIM OTHOCHTCS
HE TOIBKO KOHIIEHTPUPOBAHHBIE BOJHBIE PACTBOPHL IENOUEH, HO U
oueHb pa3barennsie (0,001 M) pacTBOpHI THAPOKCHAA TETPaMETHIIAM-
monus (CH;3)4NT"OH™ B cmecsax JIMCO c Bomoif pa3sdM4HOIO COCTaBA.
B kavecTBe HMHAMKATOPHHIX OCHOBAaHHH HPHMEHSIOT HUTPOAHUIUHBI
WM HUTPOOMQEHWIAMHUHEI, KOTOPHIE HAXONSATCS B PABHOBECHM C HX

dHHOHAMH:
Ivc)2 .__</ \>—NH2 + OH— —ﬂm—*

- NOZ——-<——>—NH9 +H,0

Hixana H_ cTpouTCs TOUHO TaK XKe, KaK U JPYTHe MIKaJIbl KHCIIOTHOCTH,
T.€. IYTEM I[IOIIAPDHOI'0 CpPaBHEHHUS HHIAWKATOPOB C HCIIOJIB30BAHHUEM

BBIPAKCHUS
pKa=H_ —lgl.

B pazbaBneHHBIX BogHbIX pactBopax H_ =pH.
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H. Wzmenenne ¢yHkuun H_ ¢ HM3MEHEHH-
eMm cooTtHourenus JIMCO/H,O mnoxazano Ha
puc. 3.7. Ilpu copepxaunuu JMCO 52,5 mon.
25k % H_ = 17,7, npu conepxanuu 90 mon. %
H_ =122 aB 99,6%m JIMCO H_ = 26,2.
Bunnzo, uto npu oueHs HeOONBIIOM coxepika-
HUU BoIbl ¢hyHKIMA H_ pe3ko Bo3pacTaeT. JTo

20
CBsI3aHO C TE€M, HTO IJIA COJIbBaTalM I'HAPOK-
CHJIBHOI'O MOHA BOJIBI HE XBATACT M IIOOTOMY OH
15 CTAaHOBHUTCs: OYE€HL AKTHBHLIM, OTPEIBAsA IIPO-

TOH JaXe OT 4Ype3BbIYailHO clabbIX KHCIOT.
C nomomipro QyHKUMH H_ GBUIH ONpenesneHsl
L 3HaueHUA pK, MHOrHX 049eHb c1abeix CH-, NH-
0 50 100 ¥ OH-xucnor. OcobeHHO BaXHOE 3HAYCHHE
[aMC 0],mo1.% numeet onpeaencHne CH-KHCIOTHOCTH, TaK Kak
JTH [JaHHBIE MO3BOJLIOT KOJNHYECTBCHHO OLE-

Puc. 3.7. ®ynkums kuc- HHTH OTHOCHTEIBHYIO CTabMIILHOCTS KapOaHH-
notroctr H_ i cme- OHOB— OUEHb BaYKHBIX MHTEPMEAHATOB B Opra-
celt IMCO— Boga pasnuy- HHYECKOM CHHTe3e. J/laHHBIE MO KHUCIOTHOCTH

Horo cocrasa, cozepxka- CH-kucior 8 IMCO npusenens! B Tabn. 3.15
mux 0,01 M Me;N"OH™ (pa311. 3.5)‘

K npyruM cuiamHOOCHOBHEIM CPEACTBAM OT-
HOCATCS XHAKWH aMMHUaK, THAPa3HUH | IUKIOTeKCHIIAMHH, COIepIKaIHe
COOTBETCTBEHHO aMHJI, THAPAa3HA WIH IHKJIOTEKCHIAMU IIEeJOYHOIO
Mertamia. OdeHs OCHOBHas cucrema (H_ ~ 30) 6viia nonydeHa npu

(o]

pacTBopeHud ruapuna Harpus B JIMCO mpu 65-70°C mox a3oroM.
3neck OCHOBaHHEM CIIYKUT NUMCHIHATPHI (HaTPHEBast CONIb IUMETHII-
cymboKcHIa):

CH;SOCH; +NaH ——— CH3SOCHSNa® +1/2H,.

JHMCHIIHATPHI

HHorna B KayecTBe CHIBHOOCHOBHOH Cpeibl MCIIONB3YIOT PacTBOPHI
mpem-OyTunara kanms B yucrom JAMCO.

3.3.5. KHCJIOTHOCTDb M OCHOBHOCTb B TA30BO# ®A3E

B 1960-x u 1970-x romax B pe3yibTare pa3BHUTHS HOBBIX MAacC-
CIIEKTPOMETPHISCKUX METOIOB, B TOM YHCIE METO/la MOHHOTO ITHKJIO-
TPOHHOTO PE30HAHCA, NOSBHIJIACH BO3MOXXHOCTH HCCIIEOBATh IIEPEHOC
MPOTOHA MEXKIY ABYMSI MOJIEKYJIaMH B Ta3oBOi ¢ase, rae HET HUKaKoH
compBaTanud. B pe3ynbrare 3TUX HMCCIEAOBAaHUH HEOXHJAHHO OKa3za-
J0Ch, YTO MHOTHE ps/ibl OTHOCHTENBHOM KHCIOTHOCTH ¥ OCHOBHOCTH B
pacTBOpe, KOTOPBIE PaHBIIE JIETKO OOBICHUIM COOCTBEHHBIMU SIIEKTPOH-
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HBIMH H IIPOCTPAHCTBEHHBIMHU dbdekTaMH 3aMecTHTenel B MOoneKynax,
B razoBoi (haze MONHOCTHIO paccTPaHBAIOTCI U faxke obparatorcs, T. €.
Ha CaMoOM jeile CBjI3aHbl ¢ conbBarauueil. B 3To >xe Bpems obpaTHin
BHHMAaHHE Ha TO, YTO Psbl OTHOCHTEIBHOM PEaKITHOHHOM CITIOCOOHOCTH
B PacTBOpaXx 9acTo 00YCIOBIEHBI 3HTPONHHHBIMHY, a4 HE 3HTAIbIUNHBIMU
(suepreTrueckuMu) addexramu (cM. paza. 3.3.3.6). B naunom paznene
MBI PAaCCMOTPHUM PSJ YIAUBHTEIHHBIX PE3yIbTaTOB, [OJYYEHHBIX IPH
HM3YYEeHHH ra30(pa3Hod KHCJIOTHOCTH C IIeNIbI0 0OpaTUTh BHUMaHHE Ha
TO, 9TO (P QPEeKTH COMbBaTallMU YaCTO MOTYT IIEPEKPEITh HHyKTUBHBIE,
Me30MepHbIe U IPOCTPAHCTBEHHBIE dPEKTHI 3aMecTHTEIeH.

B razoBo#t ¢aze conbBaTanus orcyrcTByer. [loaToMy MOXHO ompe-
LIEIUTH COOCTBEHHYIO KHMCIOTHOCTb MOJIEKYI U IIyTeM CpaBHEHHS C
KHCIIOTHOCTBIO B PaCTBOPAaX BBISICHHUTH, KaK BIHICT CONbBATAIIUSI.

B kausecTBe MepHl razodazHoi KUCIOTHOCTH MOXHO HCIOJIB30BAaTh
B3ATyI0 C OOpaTHBRIM 3HAKOM OHHTANBIIMIO PEAKIMH [PUCOEAUHEHUS
IIPOTOHA K OCHOBaHHIO, KOTOPas HA3hIBAETCs CPOACTBOM K npoTony (I):

A(raz)+H (ra3) — AH(raz), AH°=-II(A7);
B(raz)+H"(ras) — BH'(ra3), AH°=-II(B).
CponcTBo K IIPOTOHY, B3ATOE ¢ TIOIOKUTETLHBIM 3HAKOM, TAKHUM 00pa3oM
COOTBETCTBYET 3HTANBIUH auccouranuu AH umm BH',
B Tabn. 3.8 mpuBeneHbl 3HaueHHS CPOACTBA K IIPOTOHY IS HEM-
TpaidbHEIX MoJiekyn (B) u anwonoB. Buazo, uto B rasomoit daze
[IPOTOH YPe3BHIYAHHO 3K30TEPMHUUHO IPHUCOENUHseTCH K JT060H Mo-

JEKyne, BKJIIOYas Naxe MeTad. bomee toro, B ra3oBoi ¢asze mpoToH
MPHCOCIUHSETCS akKe K MOJIEKylIaM O1aroposiHbIX Ta30B:

He+H" — HeH", AH®
Xe+H" — XeH", AH®

—42 kKaJ/MoJb;

—124 kxaji/Moub.

OTH JlaHHBIE OKA3BIBAIOT, HACKOIBKO HEeCTabHJIEH HecOIhBaTHPO-
BaHHBIH OPOTOH (M BOOOINIE HECONLBATHPOBAHHBIE HOHBI): B Ta30BOM
(aze OH NPUCOEAUHSAETCA K MOJIEKYIaM, UMEIONIHM He TOJBKO Heroje-
JeHHble anekTpoHHele napel {(NH;, H,O, HF u np.), HO U UMeromuM
anekTpoHsl gumb o-tuna (CHy). B mocimeanem ciydae oOpasyrorcs
TPEXUEHTPOBBIE JBYX3JICKTPOHHBIE, TaK HA3bIBAEMbIe «HEKIIAaCCHYE-
CKHE» HOHBL:

H
7
-
HsC—H + H* - HyC4- | (AH°= — 126 xxan/mMoms).
I
*H

Oco0eHHO BEeNIUKO CPOACTBO NMPOTOHA K aHuoHaM (tadm. 3.8), rue
PEKOPA NPHHAIEKHT METUILHOMY aHHORY (AHC = —416 xkxan/mMons).
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Tabanuua 3.8
CpoAcTBO K POTOHY HEKOTOPLIX HEHTPAJIbHBIX MOJIEKYJI ¥ AHHOHOB

Ocuosanne J T1, xxan/monsn H OcHoBaxue 1, kkan/monn

Funpm:(m JICEMCHTOB

CHy 126 CHy 416
SiH, 146 SiHj 369
NH; 207 NH; 400
PH; 185 PH; 368
AsH; 175 AsHj 356
H,0 164 HO™ 391
H.S 170 HS™ 353
HaSe 170 HSe™ 339
HF 131 F- 371
HCI 140 cr- 333
HBr 141 Br~ 323
HI 145 - 313

Oprammecxﬂe OCHOBAHHA

CH;0™ 379 H,C=0 168
CH3;0H 182 (CH3),C=0 202
C,Hs0H 187 CH3COOC;Hs 205
CH;COOH 188 (CH>H;s),0 205
CFsCOOH 167 Huxnonponau 179
HC=CH 152 CH>=CH, 159
beuson 178 Tomyon 187
CH;CH; 147

Monun-von, cnabeitmee ocroBanue B Bosie (pK,(HI) ~ —10), B ra3osoit
(da3ze OKa3BIBAETCH 3HAYMUTENBLHO OOjiee CHIBHBIM OCHOBAHHEM, 4eM
aMmuaxK. B uenoM cpoicTBO K IPOTOHY B ra3oBOi ¢a3e 3aBUCHT OT
THIIA MOJIEKYJ CIEeIYIOIHM 00pa3oM:

OpraHMUYeCKMUE COCaMHE-
HHA C HEMTOAEACHHBIMH

. rnapaMu, C nt-CBA3AMA { CoenMHEHHH,

J06bIE C=C. C=0 (cnupTtsl, cofepxalune 61aropos-

AHWOHB aMMHBI, ATKEHBL, Taio- > 4 TOJBKO G-CBSI- o 2> q {ipie ra3el }
TEHANKaHbi, KApOOHO- 34 (aTKaHBb,
BBI€ KMCJIOTbI, KETOHBI, CUJIaHBI)
anbAeruibl) U LUKIO-
fipoTaH

IT (kxaji/MoJb):
300-400 160-210 125-150 40--120

Benencreie o4eHb HHU3KOH aOCOMIOTHON KHCIOTHOCTH MOJIEKYH B
ra3oBoi dasze npamyo nopmzanuio AH — A~ +H™ usyuaior oueHs pen-
k0. OOBIYHO OIIPENCISIIOT MOJIOKEHHE PABHOBECHS B peaKlMi [IepeHoca
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nporoHa Mexay kuciotoit AjH (wnu BiH™) u xakum-uubyne ocHOBa-
HueM A5 (unu B) M mony9aroT mikany OTHOCHTENBHOH KHCIOTHOCTH.
Yrobel 1epeiTH K abCONIOTHOH 1NKale KHCJIOTHOCTH B ra3oBOH (ase,
HeOoOX0AUMO, 10 KpaHHeH Mepe A1 ONHOH KUCIOThL, U3MepHTh AG s
rpolecca MpsMoi HOHU3AUWHU. B kauecTBe Takoi KMCIOTHI MOXKHO B3ATh
HF, ang xotoporo ObuIH NOJYYEHB! CHEAYIONIME TEPMOAMHAMHYECKHE
JaHHBIE!

HF —— H® +F°,

298K

AH°(HF) =371 kkan/Moub,
AS°(HF) =19 kkan/(K - monn),
AG°(HF) =366 kkayu/Monb.

Beanuuua AG° = 366 xxai/mons coorBerctByer pK,(HF) = 268
(ypaBuenue (3.16)), Torna xak B Boge pK,(HF) cocrapnser Bcero nuis
3,18 (Tabn. 3.2).

B ta6i1. 3.9 npusenenst 3uauenus AS°, AH® u AG® pig noHn3anuu
B rasoBoii ¢ase. BuaHo, uro uzMeHeHHMe SHTpormuud AS° HeBemnko
H NOYTH OJMHAKOBO IUIS BCEX KHCIOT. DTO O3HAYaeT, YTO BEIHUYMHA
AG°® noutu pasHa AH®, T.e. cpoacTBO K npotoHy (/7) A0CTATOYHO
BEPHO XapaKTepH3yeT aOCOTIOTHYI) KHCIOTHOCTbL MONEKY1. 3HadeHHs
pK, B rasoBoil aze KoJOCCAIBHO BEIHKH, HezaBUCUMO oT Toro, HCI
3TO WIH ymieBopopod. B raszomoit ¢a3ze HeT abCOMIOTHO CHIBHBIX
KHCJIOT; BCE KUCIIOTHI ciiabble, HOCKONBKY NPOTOH H APYTHE HOHB! B
HECOIBBATHPOBAHHOM COCTOSHHM CYLIECTBOBATh He CKIOHHBL. O0muit
HHTepBan u3MeHeHusa pK, B rasosoit daze (ApK, = 54 npu nepexone
oT NH3 x HNO3) He cHIbHO OT/IHYaeTCsi OT MHTepBaia U3MeHeHHus pKy
B Boze (ApK, =~ 50 npu nmepexozne ot Tomyona k HI).

Ha puc. 3.8 nanunie Tabn. 3.9 mokaszansl B BHIE rpaduka. BumaHo,
YTO B I{E/IOM HUKaKOH KOppEesaIMH MEXIYy KHCIOTHOCTBIO B Ia3oBoOH
¢aze 1 B Boze HeT. TeM He MeHee OUPEJEeITeHHYI0O CUMOAaTHOCTh MOXKHO
HANTH, €CNH PacCMATPUBATH PA3JIMYHBIE KIACCHl OPEHCTENOBCKMX KHC-
JOT 10 OTHENBHOCTU. Tax, JjIs TaJOreHOBOMOPONHBIX KUCIOT (mpsMas
@) TOPSIIOK H3MEHEHHs KHUCIOTHOCTH KaK B BOAE, TaK U B I'a30BOH
thaze omua u ToT ke: HI > HBr > HCI > HF. Pazauune coctouT B
TOM, YTO WHTEpBaJ U3MeHeHus pK, B BoJe NpubIuU3UTENBLHO B 4 pasa
yKe, 4eM B Ta30BOil ¢aze. DTo CBA3aHO C TE€M, 9TO B BOAE NPOTOH H
rajJoreHUA~-HOHBI O4€Hb XOPOIIO COJBLBAaTHPOBAHBI U BCIEACTBHE 3TOTO
CUJIa KHUCJIOT HUBeIupyeTcs (paza. 3.3.3.8).

[Tpsmas 6 coorBercTByer HoHM3anuu CH-KHCIOT; HAKIOH 3TOH
upsamoit dpK,(raz)/dpK,(H,0) =~ 0,8, T.e. 6iu3ok k enuuue. Bepo-
SITHO, TaK W JOJKHO OBITh, MTOCKOIBKY BOJR ILTOXO CONBLBATHPYET Kak
camMu CH-xuCIIOTHI, TaK ¥ OTPULATENBHO 3apsSKECHHBIC KapODaHHWOHBI,
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Ta6nuua 3.9
Tepmoaunamuxa razoazHoii KHCI0THOH JHccoUHALUH

I'azoBas daza

Ne ( pKa )
o o o} B BOZE
wit | Kucnora® KaJI /%{S MOIB KK£17M6HB KKaﬁ/GMé).Hb (rgf);:“ (rabn. 3.2)
1 | NH;, 25 400 392 287 ~33
2 | H:0 22 391 384 281 15,7
3 | CH;0H 22 379 378 273 15,5
4 | C¢HsCHs 22 379 372 273 ~ 41
5 | C2HsOH 22 376 369 271 15,9
6 | (CH3);CHOH 22 374 368 269 17,0
7 | (CH3);COH 22 373 367 268 18,0
8 | HF 19 371 366 268 3,18
9 | CH3SOCH; 24 375 366 268 ~ 33
10 | CHaCN 26 373 364 267 ~ 25
11 | CeHsC=C—H 26 370 362 266 21
12 | CH3COCH3 24 369 361 265 20
13 | C¢HsNH> 24 367 360 264 ~ 27
14 | CFi;CH,OH 26 364 357 261 12,4
15 | C¢HsCOCH;3 23 363 356 261 19
16 | CH3NO:; 23 358 352 258 10,2
17 Q 21 356 350 256 16,0
H,
18 | HaS 21 353 347 254 7,0
19 | HCN 25 353 346 253 9,21
20 | C¢HsOH 23 351 344 252 10,0
21 | CH;COOH 23 348 341 250 4,76
22 | C¢HsCOOH 23 339 332 243 4,20
23 | HC 18 333 328 240 ~ =17
24 { CHCL,COOH 21 328 322 236 1,26
25 | HNO; 23 325 317 233 ~—14

* JlaHHBIE ONYYEHB! I 26 KapOGOHOBLIX KHCIOT.
**PaccHHTaHO 110 ypaBHeHHIO 3.16.

rockoytbKy cBsi3d C—H u annorHbple eHTps! C~ Mao CKIOHHBI K 00pa-
30BaHUIO BOAOPONHBIX cBsa3eit (pa3a. 3.3.3.8). Kpome toro, kapbanuoHst,
cootBeTcTBYOmUe CH-kucnoraMm, pK, KOTOPBIX MOXHO ONPENEIHUTH B
BOJIHOM PacTBOpPE, KaK IIPaBIIIO, XapaKTCPH3YIOTCS AeTIOKaIN30BaHHBIM
10 77-CHCTEME 3apAI0M (MATKHE OCHOBAHHA), YTO YMEHBLIAET HX CKIOH-
HOCTh COJILBATHPOBAaThCH BONOH (3kecTKas Kuciora). CrenoBaTenabHo,
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pK, & ras. pase

260
270
260

250
Puc. 3.8. Cpasnenue pK, B rasosoii da-

3¢ u Boje. HoMepa TO4eK COOTBETCTBY- 240
10T cocAUHEeHHAM Hu3 Tabn. 3.9. Ilpamsie:
a— i HHal;, 6 —a1s OH-kucnor, 6— 230
nna CH-xucnor. Ins HBr u HI 3nauenus L

-10 19 20 30 40
pK, PaccHHTaHbl C NPEANOIOKEHHEM, YTO
AG® ~ AH® pha B H,0

BIUSAHHE COJBBaTallMM B ciaydae CH-KHCIOT HE TaK BEJIHMKO M HAKJIOH
OIH30K K eIUHHULIE.

Ho cample uHTepecHBIE BHIBOOBI MOXKHO CHAENaTh U3 IpAMOH 6
s OH-kucnot. Ota mpsiMasg uMeeT W3JIoM. B HIDKHEH JacTH HakIOH
[IpAMO# TTOJIOKHUTENIEH, T. €. KUCIIOTHOCTH B Ta30BOM ¢aze W B Boue
YMEHbBUIIAETCS B OJHOM U TOM XK€ pANy:

HNO; > CHCI,COOH > C¢HsCOOH >
> CH;COOH > C¢HsOH > CF3CH,0H > AlkOH.

B BepxHeil yacTd HAKIIOH OTPHUATENEH, T.€. KUCIOTHOCTH B Ia30BO#M
¢daze U B BOIE M3MEHACTCS B IMPOTHBOIIOJIOKHBIX HampaBleHHusx. Ha
BEpPXHEH YacTH NPAMOH 6 pacroloKeHBI BOJla U IPOCTHIE AJKHIIOBBIE
CIUPTEL. B BOJHOM pacTBOpE KHCIOTHOCTh YMEHBIIACTCS B DALY

CH;0H > H,0 > C,HsOH > (CH3), CHOH > (CH;3); COH
pKa (B BOZE) 15,5 15,7 15,9 17 18

OxHO BpeMsi CYMTANOCh, YTO 3TO CBA33aHO C IICKTPOHHBIM 3ddexrom
METHJILHBIX TPYII, TAK KaK IPH [OCIe0BATEIEHOM 3aMEIleHHH aTOMOB
BOJIOPOAA B METH/ABHOW IPYIIIE METAHOJAa HAa METHIBHBIC TPYIILIEI,
obnaparomue (+1)-adpdexrom (pasnen 2.2.1), anKoKCHIHBIE HOHBI (CO-
MIPSBKEHHBIE OCHOBAHHA CIUPTOB) JNOJLKHBI JeCTA0HIM3HPOBATECH, T. €.
CTAHOBUTHCA Gofiee CUIBHBIMU OCHOBaHHAMH. QAHAKO B T'a30BOH daze
[OCIEeI0BaTeIBHOCTL HHAS:

(CH3);COH > (CH3),CHOH > C,Hs;OH > CH;0H > H,0.
pKa (ras) . 268 269 271 273 281
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Ty NOCHEeNOBATENIBEHOCTE HENb3sl OO0BSICHUTL (+I)-dddexTom an-
KUJIBHBIX PYIH, KOTOPBIH YBETHYHBACTCH B PAY

CH; < C;Hs < u30-C3Hy < mpem-C4Hy.

Cunraercd, 9TO B razoBod (ase DIABHYIO pPOJIb MTPaeT BHYTPHU-
MOJIEKYIAPHOE B3aMMOIEHCTBHE OTPHIATENBHOIO 3apsia (Ha aroMe
KHCJIOPOAa) ¢ HHAYI[MPOBAHHEIM IO ACHCTBHEM 3TOTO 3aps/ia IMIOIEM
HENONAPHOH, HO MNOJISIPU3YEMOH aNKMIbHOH rpymnel. Yem OGosbmre
00BeM anKWILHOM IPYIINEL, TEM OHA JIeT4e monspusyercs (pasa. 2.1.2),
T. €. bonee cnocobHa B3aHMOJIEHCTBOBATh C OTPHIIATENBHBIM 3apsAI0M Ha
KHCIOpOJIE:

Altk— 0~ Alk— 0~
e C)
HecTabunen Gonee cTabunen

DTa MOJeNb MOATBEPKIAETCS TEM, YTO B Ta30BOH (a3ze KHUCIOTHOCTh
[IPOTOHUPOBAHHBIX aMUHOB YMEHBIIAETCS B PALY,

CH3NHj > C;HsNH; > (CH;),CHNHj > (CH3);CNHY.

B nmagHOM ciayuae 0ObeMHCTBIE aJKWILHBIE TPYIILI CTaOWIH3HPYIOT
YK€ HE aHHOH, a KaTHOH, T. €. HETUCCOLIMUPOBAHHYIO KUCIIOTY:

Hectabunen Gonee crabunen

CrnenoBatensHo, B ra3oBoil (aze yBenuyeHHe 00beMa aJKUIBHOM Ipym-
ITBI JIOJDKHO YMEHBIIATh KUCIOTHOCTh COJIEH aMMOHHS (T. €. YBE/THIHBATH
OCHOBHOCTBh aMHHOB), 4TO H Habmrofaercs.

Pe3ynbTaThl, noaydeHHbIE B Ta30BOH (aze, NOKA3BIBAIOT, YTO 00pa-
IIeHUe pAfa KHUCIIOTHOCTH CHHUPTOB B BOAE (@ TAKXKE «HEIPABHIBLHOE»
MIOJIOXKEHUE BOJBI B PSNY KUCIOTHOCTH MEXIY METaHOJIOM H 3TAHOJIOM)
CBS32HO UCKIOUHTENBHO C CONbBaTalMe, cjla KOTOPOH IPEeBOCXOAHT
CUJTY B3aUMOACHCTBUS «MOH—HWHIYIIMPOBAHHBIN JUIIOIEY.

B HipkHe#d yacty npsiMOW 6 KHCIIOTHOCTH B BOJE M Ia3oBoi (ase
HU3MEHSICTCA B OJMHAKOBOH ITOCIENOBATEILHOCTH. TOUKH, Jexamue Ha
3Toit wactu npaMoH 6, oTHocsaTca Kk OH-xucnoTaM, CHALHO OTIUYAI0-
IIMMCs OfHa OT Jpyroi no crpykrype: HNO;, kapOOHOBBIM KHCIOTaM,
¢denonam, 2,2.2-rpudroparanony. B atom ciydae Ge3ycioBHO, IepBo-
CTENCHHYIO POJIb HTPAIOT JIEKTPOHHBIE A(hGHEKTH 3aMeCTHTENeH, T. e.
Hpupona camol KHCJIOTsl. CHIBLHEBIE DIIEKTPOHHEIE 3¢ EKThI, HAIPUMED
(—D)-3¢ddexrt rpynner CF3 B TpubTOpITaHOIE, MEHEE HCKAXKAKOTCS COJID-
BaTanUeR U N03ToMY, XoTs 3¢ (heKT coIbBaTallMi M BHOCAT CBOM BKIAaJ,
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TpudTopsTaHON ABIAETCSA OoNee CHIBHOM KHCIOTOH IO CPABHEHUIO C
AIKWIOBBIMHU CIIHPTaMHU KaK B ra30Boil ¢a3se, Tak U B BOJE.

OnHMM M3 CaMBIX SPKHUX [PUMEPOB BIUSHHUA COJILBAaTallHH MOXET
OeiTh TOT (hakT, 9TO B ra3oBoil (aze Tonyon mnperncraBageT coboit
folee CUIBHYK KUCIOTY, YeM BoId. JTO 3HAYMT, 4TO OGCH3HIbHBIA
anuoH (C¢HsCH; ), BCTpeTHBIIMCE C MOJIEKYJIOH BOMIBI, HE Oymer ¢
HEI0 peardpoBarb, a B JydnieMm ciydae OyxeT oOpa3oBBIBaTh JIMIIbL
Bogopoanyio cea3b (C¢HsCHS ...HOH). B Bome e OeH3umHATpuid
(C6HsCH; Na") MrHOBEHHO rHAponu3yeTcs 1o Tonyona u NaOH u stor
npouecc uAeT odeHs OYpHO ¢ BBIAEIEHUEM TEra.

3.3.6. KHCJIOTHO-OCHOBHOM KATAJIN3

OueHb MHOI'HE OpraHHYeCcKHe PEAKIHH KaTaIH3UPYIOTCI KMCIOTaMH
WIM OCHOBaHHAMH, a HEKOTOPbIE H3 HUX YCKOPSIOTCS KaK B KHCJIOH, Tak
¥ B 1IeN09HOH cpese. KucIoTHO-0CHOBHOH KaTain3 3KCIIEPHMEHTAIBHO
JIETKO PacHO3HaeTCs MO0 KPHBBIM 3aBUCHUMOCTH JIOTapH(dMa KoHCmaHmsl
ckopoctH (lgk) peakuu ot pH, Hy Wiy Apyroit GyHKITHH KHCIOTHOCTH
(cM. pasn. 3.3.4). Xapakrepusle 3aBUcHMOCTH lgk oT pH noka3aHbl Ha
puc. 3.9.

Wk, a ] /i) e

AN RPN

pH

Puc. 3.9. 3aBucumocts Igk or pH a1 pazIMuHBIX THUIOB KHCHOTHOIO WJIM OCHOBHOTO
Karanu3a

Kpupas a cooTBETCTBYeT peakIMM, KOTOpas KaTalH3UPYEeTCs KHC-
JIOTOH, HO He OCHOBAHHEM, & KpHUBasg ¢ — PEaklHH, KaTaJIu3upyeMoit
OCHOBAHHEM, HO HE KHUCIOTOH. [OpHU30OHTaNbHLIE YYaCTKM Ha 3THX
KPHUBBIX OTPa&XalT CKOPOCTh «HEKATATUTHYECKOH» peakuuu (a TouHee
peakuHy, KaTaau3upyeMol BOJOH UM MOJIEKyJaMu APYToro pacTBO-
putens). Kpuas 6 moxasbpiBaet, 9TO AaHHAas peaxiids Karajiu3upyercs
H KHCIOTOM M OCHOBaHWEM, MPHYEM €€ MHHHMYM HE O00S3aTenhHO
pacnionokeH B paiioHe pH 7, a Moxker ObITh CMEIIEH B CTOPOHY
6osee HU3KUX UIM OoJIee BBLICOKMX 3HAYCHHH, B 3aBUCHUMOCTH OT TOIO,
geM 3((heKTHBHee KaTanu3upyercs JaHHas peakiHs: KHCIOTOH HIIH
ocHoBaHHeM. KpuBas ¢ oTBedaeT ABYXCTaIUIHON peaknMy, KOTIa OJlHa
cranus MHrubupyercs npu KoOaBICHUH KUCIIOTHI, & APyras cTaaus npu
3TOM yckopsieTcs. Hanpumep, o0pazoBaHie OKCHMOB B PEAKIIUH KETOHOB
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C FHAPOKCHIIAMHHOM 3aMEANsAeTCA B KUCIOU CPEAe H3-3a e3aKTUBALMH
FUAPOKCHNIAMHMHA IPOTOHUPOBAHUEM, HO BTOpas CTaIUs 3TOH peaKuy —
Jeruaparanus — KaTaau3upyercss KUCIOTOH U MO3TOMY 3aMeluIsIeTcs
npu BelcOKHX pH. Bo Bcex cinydasx HakIOHBI NpAMBIX Ha pHC. 3.9
JNOJDKHBI OBITH paBHBI 1, HOCKOABKY CKOPOCTH TAKMX Peaxijuil OObIYHO
pPONOPUUMOHANLHEI KoHIeHTpanuy [H30'] win [OH™].

3.3.6.a. IIPMHIIUIT CTALIMUOHAPHOCTH

B GoJBbOIMHCTBE CIIyYaeB OpPraHUYEcKHe PEaKki[di He 3JIeMEeHTapHBI,
a COCTOAT M3 JBYX UM OOJIBIIEro 4HcIa JUCKPETHBIX cTamuil. B xoxe
peakiyii oO0pa3yroTCa UHTEPMEJHAThi, KOTOpPble, KaK OPaBHJIO, MAJo
YCTOHYHBEL. PaccMOTpHM ClIenyIOHmyo IBYXCTAJHITHYIO PEaKIHIO:

k k2
peareHT(BI) \k_'_= HHTepMeINaT = OponyKT(bl).
1

Cxopocts 00pazoBaHMs NpPOAYKTOB pasHa KOHCTAHTE CKOPOCTH ki,
YMHOXEHHO# Ha KOHIIEHTpalHio HHTepMeauara. Eciom uHTepMmeauar
HecTabuieH (T. €. 00agaeT BEICOKOH DHEPIHeH), TO ero KOHICHTpaIUs
Ha BCEX CTaJUAX peakuud OyleT Maja, ¥ MOXHO JOMYCTHTh, YTO OHA
Oyaer mocrosiHHA. DTO NPHONMIKEHHE Ha3bIBAIOT NPUHYUNOM CIAYUO-
HAPHLIX KOHYeHmpayuy, U npuHyunom cmayuonaprHocmu. VI3 Hero
clenyer, 4T0 CKOPOCTh 00pa3oBaHHs MHTEPMEHaTa B TOYHOCTH paBHa
CKOPOCTH €ro JECTPYKIHH:

ki[peareutni] = k_ [uarepmeauar] + k; [unTepMennar].
Taxum 06pazoM, CKOPOCTE PEAKIHH ONPEACIAETCS BEIPAXKCHHEM

K k;[pearentsi]
k_y+k

(3.21)

CKOpOCTS = kp[unTepMenuar) =

OT0 BBIpAXKEHUE MOKHO IIPEACTABUTE B (hopMe

ki[pearenTsi]
z+1

e z = k_j/k, —dakrop pacrnpeneneHus, HOKa3bIBAIONIMI, B KakKoii
Mepe HHTEepPMENHAaT CKJIOHEH IpeBpallaThCs Ha3aJ B PEarcHTHl, a He
[IEPEXONUTH B MIPOAYKTHI PEaKIIUH.

Ecnu ky > k) (1.e. z — 0), To ypaBHenue (3.21) ynpomaercs:

CKOPOCTDb = ,

CKOpOCTD = kj[pearenTnl].

DTO O3HaYaeT, UTO KaXKjaas MOJEKylla HHTEPMeIHaTa OBICTPO JaeT Mmpo-
IYKTBI, ¥ CTafuel, ompeneistomeil CKopocTh Bceil peaknuu (JTHMUTH-
pylomieit craanei), sisusercsa obpasosanne uarepmenuara (puc. 3.10,a).
B Taxo#f peakiuuM HHUKaKue COOBITHS, NPOUCXOIALIHE IOCIE NEpPBOM
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=

5 =

= nc) nc(2) § g

3 ne(z) nc(1) I

1 Y\

3 ' p R ‘ R i P

< 1 \ 1 |
i i 1 | ] 1 1 1 t
| 1 1 1 1 I i 1 ]
0 x, 7 a X, 7 0 x; 7

koopdunara  peaxuuu(x)

- ky k3
Puc. 3.10. 3aBucumMocTh CBODOAHOH DHEPrHH OT KOOPAMHATH peakuud R 7:: I1=P
-1

(R — pearentst, | —unrepmennar, P—uponykrer). @ — ky > k_1; 6 — k—1 > k;
8 —k_y = ky. AG” — cBoGOaHAs JHEPIUs AKTHBALMH JTUMUTHPYIONIEH CTaTHN

CTaguH, HE AAOT KHHETHYECKOro dddekra. B ypaBHEHHE IUIA CKO-
POCTH HE BXONAT KOHIEHTPAlMH HUKAKUX YacTHUI], YYacTBYIOIUMX B
PeaKIuy [ociie NepBoi CTaJuH, IIO3TOMY Ha OCHOBAaHHH KHHETHYECKOTO
aHaIu3a Helb3sl CKa3arb, Yepe3 CKONBbKO CTaiuH IIPOXOAMT pPeaxilHs
rociie 00pa3oBaHKs HHTEPMENHaTa. Peakiys HEOTIHYHMA OT IPOCTOrO
OJIHOCTaAHIHOTO Nponecca, H, 9T00b JOKa3aTh e€ CIOKHOCTb, HYXXHBI
HEKMHeTHUYecKre MeToabl. MHoOrma 3To cenaTh JIETKO: HalpyuMep, B
peaKIuy THIa

MEJICHHO +D
I TOPOIYKTHI
6HICTPO

A+B

yacTila D BXOAUT B COCTaB IPOAYKTOB, HO HE BXONUT B KMHETHUECKOE
YpaBHEHHE.

B peakmusx Takoro THIIA M3MEHEHHE YACTHIBI 1D HE MOXET BIHATH
Ha CKOpOCTb M NO3TOMY peakuuu ¢ paznuuabiMu D (Dy, D,, D3, ...)
HIYT C OQUHAKOBOHN cKOpoCThiO. Tak, KaTanu3upyemoe 1erodaMu raio-
TEeHUPOBAHHUE Al[ETOHA XJIOPOM, OPOMOM HIIH HOAOM HIET ¢ OJUHAKOBOH
CKOPOCTBIO M NONYUHSAETCS CIEAYIOUIEMY KHHETUYECKOMY YPaBHEHUIO!

cxopocts = k[CH3COCH;3}[OH™].

CJICIIOBaTe.HI)HO, MOXXHO IIPCJIIOXUTH TAaKOM MEXaHH3M:

CH}COCH:), +OH™ ___k____) (CH3COCH2)_ Haly
MCIUICRHO 6ricTpo

— CH;3;COCH;,Hal.

Teneps paccMoTpuM cirydai, korna k1 > k; (z — oo). s Tako#
peaKiuu

ckopoctb = (k1ky /k_)[pearentsi] = K1 k>[pearenTsi].
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3TO0 03HAYAeT, YTO B PEAKLMH OBICTPO YCTAHABIMBACTCS PABHOBECHE
MEX]y peareHTaMH M HHTepMenuarom (KOHCTaHTa paBHOBecus K,), a
TUMMTHPYIOIIEH cTagued Bcel peaKiuy sSBIsieTCs HepexXoi HHTepMeTd-
ara B npoaykrsl (puc. 3.10,6). B 3tom cnydae pearent D, xoTopbii
BCTYIIAET B PEAaKOUIO Ha BTOPOH CTajyM, BXOAUT B KHHETHYECKOE
yPaBHEHHE H OOINMH KHUHETUYECKHUIl MOPIIOK PEaKIHHd MOXET ObITh
TPETBHM:

K

A+B I

6bICTPO k23 MEJUIEHHO

MPOAYKTEHI;

ckopocTs = K1k [A][B][D].

Taxoii ciyuaii Habnronancs NpH KaTaJM3upyeMOoi KUCIOTaMH 3TepuGH-
KalUH YKCYCHOH KHCJIOThI 3TaHOJIOM:

/O /9H +C2H50H OH
_ b — _ —r ———
GO T T e e Ry
OH OH 0
VRN
0 H CzHS
BuicTpo 7
b —_
eindd Ac o) Py C\ + HZO .
0C,Hs

Ecnu dakrop pacupenencHus z = 0,5, T. €. HHTepMeaHaT | mepexoauT
B peareHThl U MNPONYKTH B CPaBHHUMOH MPONOPLHH, TO YpaBHEHHE
(3.21) Henb3s YIPOCTHUTH K MOXET HaOMIONATHCS CII0XKHAA KHHETHIecKast
KapTHHA!

bk , _ kika[A)[B][D]
A+B T I Y IPOAYKThI; CKOPOCTDH = m

Takas peakilis HMeeT NEPBBHIA KUHETHYECKUH mopsaok no [A] u [B],
HO ee 3aBUCUMOCTh OT [D] Moxer ObITh pa3Hoil. Ecnu xoHIEHTpanus
[D] ouens Huzka, 10 k_) > kp [D] u peakuus umeer oOmmii TpeTHii
MOPSIZIOK, & ee CKOPOCTh OIpeaenseTcs ctaaned k. Eciu koHmeHTpanus
D o4eHb BEMHKA, TO MOXET CIYYUTRCS, UTO ky [D] cTaneT 3HaYHTENLHO
6onbuie, 4yeM k. j, JIUMUTHpPYyIOWe# cranueit craner ki, [D] ucuesner
H3 KMHETHYECKOTO YPABHEHHS M peakius OyJeT uMeTs oOUIMH BTOpPOH
MopsSAOK: mepBblid 1o [A] u mepBelit o [B]. Mexny 3THMH IByms
KpaHHUMH CIIY4asiMH IIPOCTOH 3aBUCHUMOCTHM CKOPOCTH DEaKkUuH OT
xoHueHTpanuy [D] Habmroaatecsa He OyaeT.

Ecnu B peakuuu 06paszyeTcss Z0CTATOYHO CTAOHIIBHBIN HHTEPMEIHAT,
TO ¢ TEYCHUEM BPEMEHH OH CHayana OyzeT HaKarIHBaThCs B PEaKIHOH-
HOM cMecH, a 3aTeM ero KOHIEHTpanus OyJeT nafare. B TakoMm ciydae
TIPHHUUI CTAMOHAPHOCTH MPUMEHATHCS HE MOXET, HO 3aTO IOSIBIIA-
€TCsl BOBMOXKHOCTE [T NPAMOTO H3YUCHHsSI MHTEpMeauaTa (Harpumep,
CIIEKTPOCKOTIHIECKH ).
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3.3.6.6. CIIELIMPUYECKUI KUCJIOTHBIM WM OCHOBHOW KATAJIN3

MesKIy aroMaMH 3eKTpooTpHiareasHbix 3nemenTos (O, N u ap.)
MEPEHOC MPOTOHA MPOMCXOAUT O4YeHb OBICTpO (cM. pasa. 2.3.2, rm. 2);
MIO3TOMY BO MHOTHX PEaKIHAX BHadale yCTaHABIMBAETCH PABHOBECHE
MexIy peareHToM R u ero conpsbxenHoi kuciorodt RHY, a 3arem RH™
B IUMUTHPYIOIIEH CKOpPOCTh cTaguu obpadyeT mnpoAykTr P. B cmyuae
BOJIHBIX PacTBOPOB

R +H;0" == RH" +H,0,

6s1cTPO

RH" —*2 __,p.

MEJJIEHHO

ITpuMeHssi IPUBLHIT CTAHOHAPHOCTH, IIOIyYaeM
ckopocth = K1k [R][H;07].

Taxas KMHETHKa XapakKTepHa, HarpuMep, I8 IHaponusa »HUpoB Kap-
oonoBeix kucnor RCOOR B kucmoit cpege. IlporoH, 3axBadyeHHBIH
Ha INEpBOH cTaaM{, BO3BpallaeTcsl B CpeAy Ha BTOpOH CTaguH, H,
crenoBareNnsHo, koutentpanus [H3O7] B xone peakunu ocraercs mo-
crosiHHOM. ITo 310t npuuune [H3O"] MOXHO HCKIIOYUTH M3 BBIPAKEHHA
JUISL CKOPOCTH M TOTAA MOIYYHTCS YPAaBHCHHUE PeaKiliM IICEBIOIEPBOTO
HOPsKA, B KOTOPOE HE BXOAUT KOHLEHTpaunus Karamusatopa [H;07)

cxopocts = K1k[R].

TeMm He MeHee KaTalIu3 JIETKO OOHAPYXHTH, €CIH H3y4aTb KHHETHKY
npu pasHeix pH; Torma Mbl HaizieM, 4TO KOHCTAHTa CKOPOCTH PEaKLUH
TICEBAOIEPBOTO MOPS/IKA YBEIHYHUBAETCA NPOMOPIUOHATLHO YBEIHYE-
uuro [H30%] (puc. 3.9).

EciH cKOpOCTh peakiuu MpOIopHHOHANbHA TOJIBKO KOHIEHTPAIHH
[H307] (1. e. obparHo nponopunonansHa pH), To Takol ciy4ail Hasbl-
BAETCH CHeyughuyecKumM KUCROMHLIM KamaiuzoM. B HEBOIHBIX cpepax
crenMUYECKU KUCIIOTHBIM KaTaau3 OCYINECTBISIeTCS MOJCKYIaMu
IIPOTOHHPOBAHHOTO pacTBOpHTENs, Harpumep NH, B XUIKOM aMMHaKe,
CH3COOHj B ykcycHoit kuciote, H3SO; B 100%-it H;SO4 1 T. 1. Kuc-
J0Ta, CONpPsDKEHHAs HEUTPATLHOH MOJIEKYJIE PACTBOPHUTENS, HA3bIBAETCS
HOHOM AUOHUSL; CIIEIOBATENbHO, CelUbUIECKUH KHCIOTHEIA KaTaan3 —
3TO KaTalu3 HOHAMH JIHOHHS.

AHaHOFH‘{HO, €CJIM CKOPOCTh pPE€AKUIHUH NPONOopHHOHaIbHA TOJIBKO
KOHIEHTPAIIUH THAPOKCHILHEIX HOHOB [OH ™ ] (T. €. pH), TO 3T0 03Haua-
eT, uTo Habmonaercs cneyuguueckuii ocHosrou kamaaus. C TOUKH 3pe-
HUS MEXaHW3MA PEeaKuii, crieHpUIeCcKiil OCHOBHOMN KaTau3 03Ha4aer,
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4TO peaKIys HAUHMHACTCA C 6LICTpOT0 OTPBIBA NPOTOHA THAPOKCUIIBHBIM
HOHOM:

Y < _
RH+OH - R~ +H,O0,
buICTPO

_ ka
R - P,
MeJIEHHO

ckopocts = Kk [RH][HO™ }.

HpHMCpOM TaKoi PEAKIUH ABJILCTCA aJIbAOJIbHAA KOHACHCAllUA:

(|)H
0O O
Vi - Ha Vi
2CH;¢7 250, CH; CHCH,CZ,
H H
aleTaJIbACrug B-okcuMacaaubIi
(3TaHanb) anbaernyg

(3-okcubyTaHaan)

OcHoOBaHHe, CONPSKEHHOE HEUTPaIbHOM MOJIEKYIIE IPOTOHHOTO pac-
TBOPHTEIIS, HA3BKIBACTCS JUAMHLIM HOHOM, CIIENOBATEIILHO, clienuduye-
CKHiIl OCHOBHOH KaTalM3 - 3TO KaTalii3 JIMATHHIM HOHOM (Hampumep,
CH307™ B CH30H, aumcunanuonom CH3SOCH, 8 JIMCO u T. 1.).

3.3.6.8. OBL{UI KMCJIOTHBINA ¥ OBLIIMIA OCHOBHOM KATAJIN3

CxopocTb peakiuii, KaTaTu3UpyeMbIX KUCIOTAMH ¥ OCHOBaHHSMH,
HE BO BCEX CITy4asX KOHTPOJHPYETCs TOIhKO 3HadeHueM pH pacTBopa.
Hanpumep, TuapoIn3 STHIOBOTO 3¢dupa OPTOYKCYCHOH KHUCIOTHI B
MSTKMX YCIIOBHSX MOXKHO OCTaHOBWTH Ha CTaJuM 3THIIAlleTaTa:

OC,Hs . 0
CH;—CZOC,Hs+H,0 - cHy—7 +2C,H5OH.
OC,Hs OC,Hs

OTa peakuys KaraJHU3UpyeTcs KHACIOTaMH, HO HE KaTanausupyeTcs
ocHOBaHMAIMHU. B mema-nurpodenonstaom OydepHOM pacTBOpe Ipu
¢ukcupoBaHHOM 3HaYeHUH pH CKOPOCTh peakiny He IIOCTOSHHA, a yBe-
JIMYUBAETCS NIpH YBEJMYEHHH KOHUEHTpauuu Oydepa’. D10 o3Hayaer,

! BydepHEIM PacTROPOM HA3BIBAETCA PACTBOP, CONEPKAINMI CPABHHMbIE KOHUEHTPALHMH OTHO-
CHTENLHO cnaboif KMCNOTH! (B PacCMaTpuBaeMOM Ciiydae Mema-HUTpodenoia) U ee CONpsiKeH-
HOI'O OCHOBaHHUA (Mema-HATPOGEHONATHOTO aHuoHa). Pons Oydepa MOXHO NPOMILTIOCTPHPOBATH
cnenyomuM npumepoMm. Ilpu noGamnenuu 0,01 mn konuenrpuposansoli HCl B mutp momm
pH usmensercs or 7 0o 4. Ecau takoe xe xonnuectBo HCl noGasuts B OydepHblit pacTsop,
CONCPXKAUMI PaBHbIE KOJMUYESCTBA allETaTa HATPHA M YKCYCHOH KWCIHOTHI, To pH yMeHsluTCcH oT
4,75 Bcero nume no 4,74,
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aro kpoMe H3O" peaxims xaraiusupyeTCs TakKe HEIUCCOUHHPOBAH-
HBIM Mema-HuTpoderonoM (AH). Obmas ckopocTh, TakuM 0OpazoMm,
SBIIIETCS CYMMOM CKOPOCTEH NMapaslIeNnbHbBIX PEAKIHii, OfHa H3 KOTOPHIX
karanusupyercs H3;OF, npyras AH, a TpeTps, «HeKaTaJuTHYECKas»,
peaxuusg Ha CaMOM JeJie KaTaJIu3HpYETCsi CAMOM BOJOM:

OEt
" (a: o Ky, MeAEHHO
c —— — ey
3 ~E£OH,-H,0
(e :
HO™—H
OFt | OEt AanuHeHive
| K, , MEANEHHO S 6uicTphie
CH?-OEtm’CH-ﬁ & Tpeangan  MPOAYKTL
’ + OEt
QEt
A-H
OEt

K3, MenAeHHo
—— C—OF t e
CHy—C— OBt —
Et

9
H,0—H

B nannom ciyqae k; =2,1-10%, k, =1,7-107% u k3 = 1077 (51/mons - ¢).

PaccMoTpeHHas peakuus sBISETCS MIPHMEPOM 06Ufe20 KUCIOMHOZ0
Kamaauza, KOTOPHIH XapakTepH3yeTcsa TeM, YTO KaTalnu3aTopoM SIBIIs-
ercsa nro0as kuciora (Mema-HATPOGEHON, BOAA), MPHCYTCTBYIOMIAs B
pacTBOpe, a He TOJIBKO CONpsDKeHHas kuciora pacteoputens (H;OM).
Habmronaemass KOHCTAHTa CKOPOCTH B ciydae OOIIEro KHCIOTHOIO
KaTanu3a, TakuM o0pazoM, onpefenseTcs BhpakeHHeM

kagn = Lki[HA;].
AHATIOTHIHO, 06wuil OCHOBHOU KAMAAU3 OMUCHIBACTCH YpaBHEHHEM
kuasn = 2ki[ Bi],

rae B; — kaxIoe KOHKPETHOEe OCHOBaHHUE, COAepIKameecs B pacTBOPE.
IprMepom Taxoll peakuyy SBISAETCS THAPOIH3 YKCYCHOTO aHTHAPHIA B
BOJHOM alleratHoM Oydepe:

O
z
CH;—C _ _
>O OH™~,CH;CO0~,H,0 2CH,COOH.
CH3—C\ a6
O
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OOmuii KUCIOTHBIA Karanu3 OObIYHO MPOSBIAETCS B TOM CIyuae,
KOIZla TIepeHOC IIPOTOHA MEXAY CyOCTpaToM W OCHOBaHHEM SIBISETCS
MeJUIEHHBIM NIponieccoM. Kak nmpaBuio, 31o xapakrepHo anst CH-kucmor
u C-ocHoBaHMH (cM. pasn. 3.5.1). PaccMOTpHUM HECKONBKO XOPOILO
HCCIEIOBAHHBIX IIPUMEPOB.

H3BectHO, uTO 00pazoBaHHE €HONAT-aHHOHOB, HAIIPUMEDP M3 aie-
TajbAeru/Ia, ABISAETCS MEJUIEHHBIM IPOLIECCOM:

0 .
CH—C// K ;__Q'/ 0 BeicTpo NpoRYKTHI
i 2\ Measieno CH, C\ (hanpumep, anbaons) .
H H
Bi B-HQ

1

3TO NPUBOAMT K KHHETHYECKOMY YPAaBHEHHIO
ckopocTs = k;[RH][B;],

rne RH — opranuueckuii cybeTpar, B JaHHOM ciIydae aleTalbACrHi,
spasomuiics CH-kucnoroii. Ecnv B pacTBOpe COAEPKUTCS HECKOIBKO
ocHOBaHMil B;, TO kaxj0e U3 HUX KaTaTU3UPYET PEaKUHIO MYTeM OT-
nierteHus nporoHa ot RH ¢ cobcteenHol cxopoctpio. Obmas ckopocTs
peakiuu OyAeT CyMMOH CKOpOCTel 3THX OTAEIBHBIX PEaKIHii.

B KHCIOTHOM TuApoONW3e BHHHJIOBBIX 3(HPOB MEUIEHHOH cra-
IUel sBiIgeTcs IPHCOCAHHEHHE MPOTOHA IO NBOHHOM CBA3MU, T.€.
C-npoTOHUPOBAHHE:

CH,=CH~OC,Hj 2O mm A,

MEeZJIEHHO

+ +
—» CH;~CH—0C,Hs(CH; —CH=0C,Hs) —29_,

6BICTPO

— CH;CH=0 + C,Hs0H.

B sToM cnydae aedcTByeT oOMIMHA KUCTIOTHBIH KaTanus.

[Ipn eHomm3amuu aneTanblerujaa B OydhepHBIX pacTBOpax CHayaja
MPOHUCXOMUT OBICTPOE MPOTOHHPOBAHHE IO KUCIOPOLY, & 3aTEM MEJUICH-
HBIH IIepeHoc MPOTOHA OT YITIepoAa K OCHOBaHMIO A; :

O

2= Hi:0%k @ HommA-
CH,C7 =—=—=% CH;—CH=OH 222",
\H 6LICTPO MEeJIEHHO ky

— CH,=CH—-OH +H;0" nimu HA.
B atom caydae
ckopocThb = k1 b [RI[H; O J[A] 1.
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H;O*}{4;
INockonpKy KOHCTaHTa AHCCOHMALNU Ky = [—:’[—H—A]—E]—’——],

ckopoctb = K ;K1 ko [R][AH]. (3.22)

3TO ypaBHEHUE OTPaAXKaeT OOIMH KHCIOTHBII KaTa/u3 KucaoToi A/H.
Ha nepBblit B30I KaXXeTCs JIOBOJIBHO CTPAHHBIM, YTO peaKuus, Mel-
JIEHHO# CTauel KOTOPOH ABJAETCS aTaka OCHOBAHHEM, KATATH3HPYETCS
kucioToit. OnHako koHIeHTpanus [A;H] cBg3aHa ¢ KOHIIEHTpalluel Kak
[H30%], Tak u [A™], T.e. yBenuuenue [A;H] npuBOmUT K yBEITHYEHUIO
[A™], a Taxxe [H3O"] (4 caenosarensHo, [RH]). Tako# THI peakmuu
Ha3bIBAETCA 00w e0CHO8HO-Cheyupuyecku-kucromuvim kamaauzom. Co-
OTBETCTBYIOIMH MeXaHU3M JUIsi 00ILEro OCHOBHOTO KaTajH3a Ha3blBa-
eTCH 00U EKUCTOMHO-CREYUPUUECKU-OCHOBHBIM KAMAAUIOM:

K

RH +HO™ R~ +H,0,

GBICTPO

R™HB; ——— RH+B/,

Me[JIEHHO

ckopoctb = Kp,K 1 k2[RH][B,].

B HexOTOpBIX CIydasx pEaxkIUd HMET MEXaHH3M, IT0 KHHETHYe-
CKOMY YpPaBHEHHIO MMOXOXHA Ha OOIIMH KHCIOTHEIA KaTanu3, HO Oe3
MIOJIHOTO MEPEHOCa IIPOTOHA OT KHCIOTH K cyOcTpary. Peakius Moxer
YCKOPATHCS TIPOCTO 00pa3oBaHUEM BOXOPOAHOU CcBA3u Mexy R u A;H:

K ks
R+HA; =———R...HA, ———P,
OBICTPO MeAJIEHHO

ckopoctb = K1k [R][AH].

Kommtekest, mopobusie R ... HA;, MOryT 06pa30oBEIBaTECA HE TOJIBKO
¢ KHClIoTaMH bpeHcrena, HO M ¢ kuciotamu JIploHca, T €. peakiuH
MOT'YT KaTaJIM3UPOBATHCA HE TOJIBKO IIPOTOHOM, HO H HOHAMHU METAJLIOB.
Harmpumep, niaBeseBOYKCYCHas KHCIIOTa CKJIOHHA K peakIHH AeKapOoK-
CHITHPOBaHHUA:

HOOC-C—CH;—COOH — CH3;—C—COOH + CO,.

LIABCIICBOYKCYCHAaA KHCIIOTA TIHPOBHUHOrPAZXHas KHCIOTA

Jra peakifus HAET Yepe3 aHHOH KHUCIOTHl MW KaTaU3HUPYEeTCs HOHOM
AP**; npu 5ToM 06pasyercs KOMILIEKC, B KOTOPOM pa3pbis cBazu C—C
obneryeH MONAPU3YIOMIUM IEHCTBUEM HOHA AJIIOMUHUA;
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\‘\3$,' \‘\ 38 \ ®,”
AU “Al Al

KuCI0THO-OCHOBHBIE peaKkuMy SABSIIOTCS NMPHYMHOH KaTaluTHde-
CKoro aeHcTBHs MHOTMX (epMeHTOB. Tak, XUMOTPHUICHHEBI KaTanu3M-
PYHOT TUIPOJIHN3 CIOXKHBIX 3)HPOB M aMHIOB B HEHTPaIbLHOM cpene.
B 3TOH peakiMi OCYIUECTBIISIETCS SHYMPUMONCKYAAPHbIE 0OWutl Kuc-
JOMHBIYE ¥ OCHOBHOU KQmaiu3 ABYXCTaJIMHHOIO [EpeHOCca anMIbHOK
(R—-C—)—rpynnm,——cnaqana oT cyDcTpara K OKCUMETWIBHON Tpynie

O
CEepHHa, a 3aTeM IpH IMApOJIM3e aluiacepuHa. TpeTHuHas CTPYKTypa
depMenTa TaKOBa, YTO TPH aMUHOKHUCIOTHI OCTaTka (Bcero HX 245), a
MMEHHO acnaparuHoBoil kuciotsl (Ne 102 B nemu), ructuauHa (Ne 57)
u cepuHa (Nel95), uzeanbHO pacloNoXKeHbl B IPOCTPaHCIBE ISl
fepeHoca NIPOTOHA: ~

| Asp-102 0 His-57 Ser-195
H It - e NHe— CH— 0 —
(’,:‘H o cn’c\g —NH—CH—C0 NH (in ¢o
I 2 "2 \ CH CH, _—
co 2 /
i % H_m
’— —
R fot-s
|
0 ~CH, CH,
CH g B O:C R
7 Ny N-H - —=

Ta
1
-
"
1

~H

0" !

| ~CH, CH,

CH;—C =\ H—0_ 0
R % H—N 7 —— A

§
=z
x
mo\@
=0/

3.3.7. YPABHEHUE BPEHCTEJIA

B 1920-x ronax bpencren u IleaepceH mony4HiId 3KCHEPUMEHTANb-
HBEIE aHHEIE, TOKA3bIBAIOIIKE, YTO YEM CHNbHee coeannenue A;H (umun
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B;) xaxk kucnora (Wi OCHOBaHUE), TeM OHO d((heKTHBHEE KaK OOIIHit
KHCJIOTHEIN (OCHOBHOH) KaTand3aTop. JTO O3HA4YaeT, YTO [OBEJICHHE
KHCJIOT H OCHOBAaHWM NPH WMOHU3aIWH (OOMEH MpPOTOHA C PacTBOPH-
TeJeM) TECHO CBA3aHO C WX IOBEJCHUEM KaK OOMMX KHCIOTHBIX M
OCHOBHBIX Karanu3aTopoB. COOTHOLIEHHE MEXIY CHIIOH KHCIOTHI FUIH
OCHOBAHHS M CKOPOCTBIO KAaTaIU3UPYEMBIX UMM PEeakiluil Ha3bIBaeTcs
Kamanumuyeckum 3akoHom bpencmeda. DTOT 3aKOH 3aIHCHIBAETCS
clenyomuM odpa3oM:

lgk, = alg K,(AH) + const,

lgk, = —B1gK,(BH") +const,
rae k, ¥ ky — KOHCTaHTbl CKOPOCTH PeaKIMi, KaTaTH3HPYEeMbIX KHCIIOTa-
MH M OCHOBaHMAMH cOOTBETCTBEHHO; K,(AH) u K,(BH™) — xoHCTaHTH
JUCCOLMALMK KaTAJIM3aTopoB; ¢ U [ — xo3¢dunuentsl bpeHcrena, He

3apucsmme ot npuponsl AH nnmu BHY, a 3aBHcalMe TONBKO OT THIIA
peaxkiuy ¥ ycioBuit ee nposeneHus. llockoneky IgK, = —pK,,

lgk, = —apK,(AH) +const, (3.23)

lgk, = BpK.(BH")+const. (3.24)

JdpyrumMu  crnoBamH, wu3MeHeHHe cBobogHoi osHepruum AG° npH
KHCJOTHO-OCHOBHOM PaBHOBECHH MpPOIOPIMOHANBHO H3MEHEHHIO CBO-

OonHoi 3nepruu aktuBanuu AG° (pasmen 3.3.7.r) mpu nepexoae OT
peareHToR K MEPEXOJHOMY COCTOSIHMIO [TEpeHOCca MPOTOHA.

Jas xucior
K.(AH)

AH + S (pacTBOpUTED) A +SH", AG°=RTpK,(AR);
R (pearent)+AH % R...H...A, AG”=—RTlnk,;

NEPEXONHOE COCTOSHHE
[epeHoca NPOTOHA
or AHk R

AG” nponopumonansio  AGC.
Jas ocHOoBaHuMI
B +SH (pacreopurens) = BH +S™, AG°=—RTpK,(BH);
RH (pearent)+B — R...H...B, AG”=—RTInk;
epexoJHOC COCTOSAHHE
IIEPEHOCA IPOTOHA
or RHk B
AG®° uponopumonansEo  AGZ.
Ypasuenue bpeHcrena sBnsercs OAHUM U3 COOTHOIUEHHH THHEH-
HOCTH CBOBOAHBIX 3HEPTHil (Tak Kak AG° mponopuuoHansao AG?) u
TECHO CBsi3aHO ¢ ypaBHeHHeM [ ammerta (pasa. 3.4.5).
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3.3.7.a. BEJIMUYUMHA U CMBICJI KO3ODOULIMEHTOB BPEHCTEJTA

Obwuti KucrOmHBIL U 0OWNULL OCHOBHOT KAMAAU3
€ MeONEHHbIM NEPEHOCOM NPOMOHA

B TunHMuHOM ciyuae oOIIEero KMCIOTHOTO HJIM O0LIero OCHOBHOIO
Karanusa nepeHoc nporoHa oT AH x R umu or RH x B sBmsercs
caMoif MeIeHHO# cTamue ob1ero MHOrocTaAMIHOTO IIpotecca (pasa.
3.3.6.8). PaccMoTpuM, Hampumep, SHEPreTH4ECKHH MpoduiIb peakiuu
Ut OOIEro OCHOBHOTO KaTallM3a, KOIjla CKOPOCTb PEeaklHd KOHTPO-
IupyeTcs HepeHOcoM IpoToHa oT peareHta RH k karammsaropy Bg
{puc. 3.11,q). DHepreTudeckuii NPOQHIL MOXKHO TPEIACTABUTH KaK
pe3ylIbTaT HAJKEHHsA JPYr Ha Jpyra OTAeNbHBIX HapaboauuecKux
KPMBBIX OTEHUHAIBHOM 3Hepruu uiss RH u BoH', cooTeTcTByOmMX
pactsxenuio csa3n R—H npu nepexone ot (RH+ By) k nepexogHoMmy
cocrosnuio (R...H...Bg) u pactsxenuto csa3u By—H npu nepexone
or (BoH"+R™) Kk 3TOMy e HEPEXONHOMY COCTOSHHIO (MOCIIEIHHIA
MPOIIECC IIPOUCXORUT B oOpaTHOM peakumu, puc. 3.11,6).

a 7 g
3 nc
§ R_IIIHm BO .
£ T 3
=146 - + <
g R™+BH .
i) -]
S a6
S L
“| RHTB, R-H pacrsxenue

xoopdunata peaxyuu
Puc. 3.11. Peaxumd nepeHoca nporoHa (4), ec MOIEIHPOBAaHHME JBYMS KPHBBIMH

pacTskenus cBsizeil (6) ¥ BLIBOX cooTHOWmeHHs Bpencrena (6)

Teneps H3MEHUM KaTanu3artop Bg Ha Hemuoro Goiee ciaboe ocHo-
BaHue B;. Dueprus conpssxeHHoi kuciaotei B;H' Oyzer Hemuoro
Beimie dHeprud BoH', a ecnu B; u By He ouenbp oTIMYaOTCH 110
THIIY H CTpOcHHIO (HampuMmep, B; U Bg— 1Ba 3aMeIIEeHHBIX B KOIbLE
aHHUJIMHA, OIHAKO HeNb3s OpaTh cloydad, KOoraa, HarpuMep, B = annium,
a By=CH;07), To dopma nByx kpusbix BH' Gyner oxunaxoBa H
1pocto oxxa napabona OGyAeT BepTHKAIBHO CABHHYTa OTHOCHTENBHO
Ipyroi 6e3 usmeHeHus (puc. 3.11,8). PazHoCTL CcBOOOAHBIX 3HEpPrUit
axtuBanuu AAG7 s aByx peakimit RH+By u RH+B; B Takom
caydae OyneT HpuOMM3UTENBHO [IPOITOPIHOHANEHA PAa3HOCTH CTaHAAPT-
HBIX cBOGOMHEIX dHEprHi AAG® nns paBHOBECHOH aucconranun BoH™
u B;H". Eciu npenctaBuTh Bersn mapabon B o0nacTH nepecedeHus
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napayuiebHEIMU NPSAMBIMY, TO U3 puc. 3.11,6 cienyer:

tg© 0
AAG?‘=~———tg@+tgﬁ ,
T. €. *
leTka 1)/ kn(0)] = — B 161K/ Ka(0)]
tg© +tgy

= — BpKo(BH") — pKa(BoH")].

Takum obpasom, BeamuuHa koabduumenta bpencrena [ (4, anano-
THYHO, JUIS KHCJIOTHOIO KaTajlW3a BelWYHHa (v) 3aBHCHT OT HAKIOHOB
kpuBsix aas RH u BH' B Touke ux mnepeceuenus. Kak nokazaHo
Ha puc. 3.12, Benuuuna ko3(duureHTa bpeHcreaa NoKHa Nexarb B
npenenax or 0 o 1, T. e.

0 < B <1 mna peakiuu RH+B — R®+BH®

0<a <1 nna peaxiuu R+ AH — RH® +A°.

Ecnmu xpuBrbie nepecekatoTcsl B sepuinse mapadonst RH, o 8 = 0
(puc. 3.12,a) ¥ nepeHOC NMPOTOHA NMPOUCXOMUT Ge3 3aTparhl PHEPrUH.
Taxyio peakuuio IPaxkTHYECKH peaH30BaTh OYEHb TPYJHO, TaK Kak
1pH OONBLINX CKOPOCTAX IEpeHoca MPOTOHA THMUTHPYIONICH cramue
MOXET cTaTh mporecc obpa3oBaHus Komiuiekca coyiapesus RH ¢ B u
nHabmronaemas BenuunHa § = 0 mpakTuuecku Oyuer cieacrsueMm aud-
(y31OHHOIO KOHTPOIS, a HE XapaKTepa MepeceyeHust IHEPreTHIECKUX
kpusbix. CinenosarensHo, a — 0, 8 — 0, eclid CKOpOCTb IepeHoca

a446%=p A=0 | 6=v¢ A=05 | 4067 =246° p=1

Puc. 3.12. ®usnueckuii cMbict ko3bduunenra bpencrena. a — tg© — 0; mo 2Hepruu u

CTpyKTYpe nepexoaoe cocrosaue (R ... H ... B) ouens 6musko k pearcutam (RH + B).

6 — oOblYHAaA PEaKIHs. 8 — IEPEXOAHOEC COCTOAHHE O4YCHDb ONH3KO K MIPOAYKTAM PeaKliuH
(R™+BH"), tg¥ — 0
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[IPOTOHA KOHTpoNHpyercs auddysuell peareHToB. Eciin KpuBbIE Iie-
pecexaiorcst B Bepiuune mapabonsl BHY, To 8 = 1 (puc. 3.12,6). B
JTOM CJIydae PEeareHTHl [IePexo[sT B MPOAYKT IyTeM NOCTEIEHHOrO
II0ABbEMA IO CKIIOHY DHEPreTUYECKOM MOBEPXHOCTH U «IMa» Ha KPUBOH
BH™ dakruuecku spnsercs BuICHIEH Toukoil moBepxHocTH. OuEBHIHO,
gyro a — 1 (8 — 1) xapakrepHb! AJS OYeHb MEIEHHBIX IPOIECCOB
MIepeHoca NMpOToHA (peaxiust oYeHb clabbX KHUCIOT C OYeHb CIabRIMH
OCHOBaHUSIMU).

Haubonee wuacTo B MOpakTHKE BCTpPEYAlOTCS CIIy4Yad, Korma
0 <a(B) <1 (puc. 3.12,6).

Taxum oOpa3om, BenuuuHa koadduuueHTa BpeHcTena MpoOIHBAET
CBET Ha CTPYKTYpYy IepexoaHoro cocrosuus. Ecmu «(f8) maner mo
BEIMYHHE, TO CTPYKTYpa MEPEXOAHOro COCTOSHUs OMH3Ka K CTPYKType
peareHToB, aKTUBAIMOHHOrO Oaphepa NOYTH HET W JIMMHUTHPYOILEH
cragueil MoxeT ObITE auddys3us pearentos apyr Kk Apyry. Ecmu a(f3)
HpHOIMKAIOTCA K EAHHHUIE, TO CTPYKTYypa IEePeXOQHOI0 COCTOSIHUSA
Onv3Ka K CTPYKTYpe MPOAYKTOB PEAKI[HH.

Obwuii kucromuwitl ¥ 06U OCHOGHOT KAMAAU3
€ BbICMPbIM NEPEHOCOM NPOMOHA

Ecnu nmepeHoc HNpOTOHA MEXIY KaTajlHu3aTopoM H CyOCTpaToMm Ipo-
HCXOOUT OBICTPO M IIPH 5TOM BHAYalle YCTAaHABIMBAETCA KHCIOTHO-
OCHOBHO€ paBHOBecHe ¢ O0Opa3oBaHHEM COIPSIKEHHOH KUCIOTHL (MM
CONPSKEHHOTO OCHOBAHHUs1) cyOcTpara, KOTopas AaNiblle NpeBpanaercs
B NPOAYKTHI (EHOTH3AIM aleTalbIeruaa; pa3l. 3.3.6.8), TO CMBICT KO-
¢ dunuenra bpencrena 6yner Hemuroro uHoH. /s 001ero KUCAOTHOTO
KaTanau3a

K

R-+H;0" RH'+H,0,

6picTPO

RH +A~ —*  ,R+HA

MEAJIEHHO

Ha OCHOBaHHHU ypaBHeHUS (3.22) MOKHO HaITHCaTh
Kaon = Ka(AH) - K, -k,
WU
lgkyaen =g K, +1gKi+lgk;.

Hpumensas ypasuenue bpencrena (3.24) nins OCHOBHOIO KaTaiau3a Ha
BTOPOI CTaauH, MOIYHUM

ighk, = —31g K3 (AH) +const.
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CrnenoBaTensHO,
1gk.aon = (1 — BIgKy(AH) +1g X const.

K} He 3aBHCHT OT HpHpOAB! KaTannu3atopa AH, H M03TOMy HONY4€HHOE
cooTHoUIEeHKE ByaeT HopManbHbIM ypaBHeHHeM bpeHcTena ams xucior-
HOT0 Karajau3a ¢ Ko3hPHIHEeHTOM

a=1-4. (3.25)

OT1o TOXKe 04YeHb BaXKHOE cooTHomeHHe. Korma cepus kucnor AH
pearupyer ¢ OHHM H TEM XK€ OCHOBaHHEM B, cymma koadduimeHron
JUTS IPAMOH peaKIiHH

AH+B X%, BH" + A~
U obpaTHOH peakiuu
BH" +A~ 7, AH+B
paBHa CAUHHIIC, HOCKOIIBKy ‘
lgK =lgkan — lgkys = —pKa(AH) +pK,(BH),

tne K = kap/ka — xoHcTanTa paBHoBecnst AH+B = BH"+A™.
Iloncrasinss ypapuenue (3.23), nomydaem

lgkp- =(1 — @), pK.(AH)+1gk,(BH")+ const.

Taxum oOpazoM, koadduiment (3 a1 ooparHoi peakuuu paseH (1 — o),
Tae  — Ko PUIHEHT U1 OPAMOH peaxiuu kya.

3.3.7.6. AHOMAJIbHBIE KOO®OUILIMEHTBI BPEHCTEJA
a()<0una(@>1

Kucnore: BpeHcTena cocToaT M3 NPOTOHA U €ro NEepeHOCHHKa (Co-
TIPSHKEHHOTO OCHOBaHUA). B mepexonHoM COCTOSIHMH [TEpeH0Cca NpOToHA
[IPOTOH JIEXKHT IIOCEPEAHHE MEXAY CTaphlM OCHOBAaHHUEM, OTAAIOLIUM
€ro, 1 HOBBIM OCHOBaHHEM, KOTOpOe ero 3adupaer. B npoaykTe peakiimu
MPOTOH LIETHKOM NIPHHAIIEXXHUT HOBOMY OCHOBaHHIO. UeMm Gosee noaHo
B TIEPEXOTHOM COCTOSIHHH MPOTOH [IEPEHOCUTCSI K HOBOMY OCHOBAHHIO,
T. €. YeM OIke MepexofHOe COCTOSHHE K IIPONYKTY, TeM Ooipile BIiIH-
sIHHE CTPYKTYPHBIX M3MEHECHHU (BBEICHMS 3aMECTHTEIEH B MOJIEKYILY
KHCJIOTBl MJTH OCHOBaHHA) Ha KOHCTAHTY CKOPOCTH HOJIKHO IIOXOJIHUTH
Ha BIIMSHHE 3THX XX€ CTPYKTYPHBIX H3MEHCHWII Ha KOHCTAHTY PABHO-
Becus.

B coorBercrBun ¢ puc. 3.12, yem Oirke BeJIHUMHA (3 K €IUHHLE,
TeM OOJIbIIIE CTENEeHDb MTEPeH0Cca MPOTOHA K OCHOBAHHIO, 4 YEM MEHbIIE
(B, TeM MeEHBINIE CTEIeHb 00pa30BaHMs CBS3M IPOTOHA C OCHOBAHHEM
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B MEPEXOAHOM COCTOSIHHH. AHAJOTHYHO BBICOKHE H HH3KHE 3HAUCHHS
(¢ CB$3aHBl COOTBETCTBEHHO CO 3HAYHTENBHBIM U HE3HAUYHUTEIHLHBIM
IIEPEHOCOM HPOTOHA OT KUCIIOTHI B [EPEXOJHOM COCTOSIHUH.

Takast Touka 3peHHst Ha cMbicn koaddunuenToB o u J, 0b6ocHo-
BaHHas Ha puc. 3.12, TeM He MeHee He OOBICHAET DKCHEPHMEHTATBHO
0oOHapyXeHHbIE CITyJaH, KOTa 3TH KO3(UITHEHTHI ObLTH OTPHIIATEIEHEI
uiy 6onslie enuHUNE. Hanpumep, ans HUTpoankaHoB o = —0,48:

R,CHNO, ‘:—*O> (R,CNO,)™ +H,0 (R=H, CH;).

Jns peakuuu cepun 1-apnn-2-HutponponaHos Habnronazack Koppe-
JIAIUS CKOpPOCTEH NepeHoca NpoToHa K nuaTHoMy noHy OH™ B BomHOM
meranolie ¢ pK; B COOTBETCTBUH ¢ 3akOHOM bpeHcTena, HO IIpH 3TOM
a=1,68:

H H...OH™
oH- | &0
ArCH,—-C—NO, —_ AI'CHZ—‘C_“N\G =
O
CH; CH;
@/Oe
= ArCH,—C= N +H,0.
oo
| 0
CH,

W3 ypasuenus (3.25) crenyer, uto mns obparHoi peakiuu J = —0,68.
Bo3HHKaIOT BONIPOCH: KaK MOXKET OBITh, 9TO CTENEHb IIEPEHOCA IPOTOHA
B IIEPEXOAHOM COCTOSHHH Oonblne, 4eM B IMPOAYKTE, Te NpOTOH
TIOJIHOCTBIO Iteperien k ocHoBaHHO? [loyeMy GopMansHO 0ka3biBaeTCH,
910 B OOpaTHOH peakiHMH NPHHUMAONHH [POTOH aTOM YITiepoAa B
MEPEXO/IHOM COCTOSHUHU OKa3blBAeTCs MEHEee CBA3aHHBIM C IPOTOHOM,
4eM B aHHOHE, Ilie IpOToH Boobuie orcyTcTBYeT? Kak cBa3aTh 3HaUeHHS
a = 1,68 nymu 8 = —0,68 ¢ wopmanpHOH BemmauHOit [ = —0,5,
HablronaBmeics NPy OTHICIUICHHH ITpoTOHA oT HUTpoaTaHa CoHsNO;
NOA NeACTBHEM Pa3IMYHBIX AMHHOB?

Oano W3 OOBSICHEHHIT HEOOBIYHOTO IOBENEHHA l-apui-2-HUTpO-
NpOINAaHOB IIPH JAENPOTOHUPOBAHMM COCTOMT B YTBEPXKACHUHM, 4TO B
MAaHHOM CJIy9ae DHEPTHS MEPEXOJHOr0 COCTOSHHS MPH H3MEHEHWH Ar
HW3MEHSETCH CUNbHEe, YEM OJHeprus KOHEYHOro IpoAykKra (aHHOHA).
3TO 3HAYMT, YTO IPU M3MEHEHHHW apHIBHOH IPYIIEl (HampuMep, NpH
BBEIICHHH 3aMeCTHTEI B OeH30JIbHOE KONIblLIo) napabona AH He npocTo
TepeABUraeTCsA BEPTHKAILHO BBEPX HIIH BHH3, HO H MEHSET CBOIO HOpPMY,
T. . CTAHOBMTCH WK Gojiee M MeHee KpyToit (cp. puc. 3.11). Peakuuu

268



HUTPOAJIKAHOB YMEHBINAIOT YBEPEHHOCTh B TOM, 4YTO « M J Xapakre-
PH3YIOT CTEeHb MEPEeHoCca NPOTOHA B HEPEXOXHOM cOCTOSIHHH. OJHAKO
B OONBIIMHCTBE APYTHX CIy4YaeB 3TO IPEIIONIOKEHHE CIIPaBEIHBO H
00BIYHO Ccormacyercs ¢ JaHHBIMH O CTPOEHHH I1epeX0JHOTO COCTOSHHS,
HOJIYYEHHBIMU COBEPIIEHHO HHBIMH MeroiaMu. Ilo3ToMy ypaBHeHHe
BpeHcTena HCMONb3yeTes O9eHb IHPOKO.

3.3.7.8. KPUBHU3HA I'PA®UKOB BPEHCTE/IA

Ecnu psan xucinor (AH) ¢ pa3zHeiMu pK, pearmpyer ¢ OIHHM H TeM
e ocHOBaHueM B, To B npenesne ko3ppHUIUEHT o NOMKEH MEHATHCA OT
0 no 1:

AH+B=[A...H...B]=BH +A".

epexofHOe
COCTOsIHHE

Ecnu xucmora AH ouens ciabas (T.e. ee CONPSXEHHOE OCHOBaHHE
A~ HaMHOrO CHIIBHEE IIPHHHMAIOIIEro IPOTOH ocHOoBaHUA B), TO
HIEPeXo[HOe COCTOSHME JOIKHO IOCTHIaThCs TOMBKO IIPU ITOYTH ITOTHOM
nepeHoce mpotoHa (o — 1). C npyroél CTOpOHBI, KOTIa CONpPSKCH-
HOoe ocHoBaHue KucioThl AH 3HauutensHo cnabee B, nepexonmHoe
COCTOSIHME [OCTHTAeTCs PaHo (IO KOOpOWHATE PEaKIHH) U ¢ UMEET
HM3KYHK BEJIHUYHHY (HAaHOMHHM, 4To & = 0 MOXET 03HauaTh NEPEeXon K
auMuTHpYIoneR ctanuu guddysun, cM. Beire). TakuMm oOpa3oM, npu
mupokoM BapbupoBaHud HA o Oynet MeHartecs ¥ rpaduxu bpeHcrena
He OYyOyT JTHHEHHBIMH.

U peitctBuTENBpHO, KpuBH3HA rpaduroB bpeHcTena uHorga Habiro-
Janach Ha OIBITE, OJHAKO HE TaK YacTo, KakK CIeI0Baio Obl OXKH/ATh.

3.3.7.r. TEPMOJUHAMUKA OBIIETO KHCJIOTHOI'O
1 OCHOBHOI'O KATAJIM3A

IlapameTphl akTHBauuH. [J1aBHOE ypaBHEHHE TEPMOJUHAMMKY B
IIPHMEHEHHH K CKOPOCTSM PeaKIUil 3aIHCHIBAETCA CIERYIOMUM obpa-
30M:

AG*=AH” — TAS?, (3.26)

IIe 3Ha4KoM 7 o003HauaeTcs, 4To Oepercs pazHOCTh MEXAY Mepexos-
HBIM COCTOSSHHEM H PEarcHTaMH.

CBo60oHas PHEPTHs aKTUBAKH MPOITOPIHOHAIBHA TorapudMy KOH-
CTaHTBl CKOPOCTH: AG? = —23RT1gk. DHTanelHs axKTHBAIIMH B
OJHOCTAZWHHEBIX PEaKUUAX HWIM B MHOTOCTAJMHHBIX PEAKUHAX, Mell-
JIEHHOH CcTajivedl KOTOPBIX SBISIETCS TepBas, BCerna MOJOKHTEILHA U
JUIb B PEAKUX CIIy4asX HCIIOIb3YETCs IS YCTaHOBJICHUS MEXaHHU3Ma,
OJIHAKO DHTPONHSA aKTHUBALIMU AS7 = §° (nepexonHoe cocTosHue) — S°
(peareHTEI) B 3TOM OTHOIIEHHH OuYeHb HHpOpMaTuBHa. Kak U B ciiyuae
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Tab6nuua 3.10
TunuuHbie 3uavenns log 4 u AS” pas peakuMii pas’HbIX THHOB

Tun peakuuu (npumep) log A AS7 kan/K - Moab

MOHOMOJ'ICKyJ'DIpHaﬂ JAHUCCOoLHaLI A
A-B—-A+B 15-17 1) +8 go +17

MoOHOMOSIEKYAPHOE OTIIEIICHHE

[

—C-C—— >c=c[+XY 12,514 (1) —3 510 +4

| |

Mouomonexynﬂpuax NEperpynnuposka

/\ ~
- 9-13 (¢ 1) —20 10 0

peaKum( Koy yna

buMonexynsipuas accounanms 9-10,5 —20 no —15
A+B—A—-B (/™Monb - ¢)
BuMonexynsptoe 3aMeilieHne 7-11 —30 no —10
A+B-C—-A-B+C (1/Mosb - )

BumonexyispHas MHOTOUCHTPORAs
peakuus

p

N
=) ] o0
K (n/MgJI?, - ¢) 40 x0 —20

peakunst [IMnsca—-Anbnepa

AS® (pasgern 3.3.3.a), AS” MOXHO IIPEACTABUTH KAaK CYMMY H3MEHEHHH
MIOCTYIATETbHBIX, Koie0aTeJbHbIX U BpaIlaTeIbHbIX CTeNeHel cBOOOAb!.
Uem Oosiee ynopsAoHdeHHO APYT OTHOCHTENHHO APYIa PAacHOIOXKEHBI
aTOMBI pEaTHPYIOIHX MOJIEKY B ITIEPEXOJHOM COCTOSIHHH 110 CPAaBHEHHIO
C UCXOOHBIM H 4eM Dosee CONLBAaTHPOBAHO IIEPEXOAHOE COCTOSHHE I10
CpaBHEHHIO ¢ UCXOmHBIM, TeM AS” Gosnee oTpuuarensna. TUHHYHBIE
3HayeHHs SHTPOIMH aKTHBAllMU JUIS INMABHBIX THIIOB OPraHHMYECKHX
peakumii npuBeneHs! B Tabn. 3.10.

DKCIIEPHUMEHTANBHO BeTHauHb AH # u AS7 MOXKHO OTIpeNenuTs U3
ypaBHEHHs AppeHHyca:

k=Ae_E“/RT,

rae £, —3Heprus aKTUBAIMK PEaKIUy, KOTOpask OIPENENAETCS U3 TeM-
eparypHoOi 3aBUCHMOCTH Jiorapru(Ma KOHCTaHTBI CKOPOCTH (M3 HAKJIO-
Ha mpaAMOil B koopauHarax lgk — 1/T); A —npensKcroHeHIHanbHbIH
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MHOXHTCIIb. BHepI‘I/Iﬂ dKTHBAallMHU CBsI3daHA C 3HTAJIbIIHEH dKTHBalHUU:
AH” =E, — nRT,

TAC n — NOpAJ0K PeaKIyy, a HpCII3KOHOHeHHHaHLHbIﬁ MHOXHTC/Ib CBs-
3aH C 3HTp0HHCﬁ AKTHBAIlHH COOTHOMICHUEM

A= (kT /h)e"e”S" /R

rae k —nocrosuHas bonbiMana; 2 — noctosuHas [Inanka; R — rasoBas
nocrosHHad. 3HaueHHs log A IS pa3HBIX peaxlHil Takke JaHbl B
Tabmn. 3.10.

TepMoIHHAMHYECKHEe APHYNHBLI 00I[ero KHCJIOTHOTO H OCHOB-
Horo karaamia. Kax yxe ynoMuHasock B pazjesnax 3.3.6.6 u 3.3.6.8,
oTnHYKe OOIIero KMCIOTHOrO KaTaan3a OT CHEeHH(pHIECKOro Karanuia
HOHOM JIMOHHS COCTOHMT B TOM, YTO B IEPBOM Ciydae B pPeaKIUU
Y4acTBYeT CONMPHKeHHOE OCHOBAHME KaTalU3Hupyromei kucinorel. Hinke
IPHBENCHEI YIPOUICHHBIE CXEMBI [IEPEHOCA IPOTOHA B BOJE:

Hevaoo (OH.)
re/S 2/m-1
R,:"H——O\ R/.\.‘...H_Q....(Hzo)m
+n
Hewonn (OHZ)/;
Crenuduuecxuii KHCIOTHHIE KaTanus O6uwnft KUCJAOTHBIA KaTaNH3
R+ H*+ (m+ n) H0 R+ H* -+ A= + (m+4n) H,0

IIpu cpaBHeHMM 3THX IBYX CXEM BHMIOHO, 4TO B ciiygac oOIero
KHCJIOTHOTO KaTann3a H3-3a BKIKOUEHHS A~ B IEPEXOJHOE COCTOs-
HUE OYyIeT NPOHUCXONUTH AOMOIHMUTENbHAS MOTEPs IOCTYNATETBHOH U
KkonedaTeIbHON SHTPONMH. PacdeThl ITOKa3bIBAIOT, UTO Takas MoTeps
coctaBuT 15-20 kan/(K - Mosb), YTO JIOMKHO YMEHBIIUTH CKOPOCThH
peaknuu B 103-10* pas. Ilouemy ke peaknus He HieT IO IyTd
B3aUMMOJICICTBUS TOJIBKO ¢ MOHOM JIMOHHMS, 2 €lle W BHIOHpaeT Takoi
0BpeMEHUTEIILHBIN ITYTh?

OTBeT COCTOUT B TOM, 4TO BKJIIOYEHHE COIPSDKEHHOIO OCHOBAHHS
B MEPEXONHOE COCTOSHHUE CKOMIIEHCHPYET CBA3AHHYIO C 3THM IIOTEPIO
sHTponuu. EcnM CONpsDKEHHOE OCHOBAHHE SBISETCS aHMOHOM A~
a ocTanbHas 4YacThb IIEPEXOJHOTO COCTOSIHUS HECET IOJIOKHUTETbHBIH
3apsn, TO MEKTPOCTATHYECKOE B3aUMOJCHCTBUE MOXET CKOMIIEHCHPO-
BaTh IOTEPIO MOCTYNATEILHOW M BPAaIIATCILHOM SHTpOMHM. [Ipyrumu
CIIOBAMH, BKJIFOUEHUE OCHOBAHHS MOXCET MOHH3UTH SHTANBIIHIO aKTH-
Bauuu. Hanpumep, npu ruaponuse tpustunoproauerara (pasa. 3.3.6.8)
B CIydae cheiu(HUecKoro KUCIOTHOIO Karain3a obpasyercst obmana-
JOILIHH BBICOKOH 3HEPIUeil NMPOTOHHPOBAaHHBIA KaTHOH, a NpH obleM
KHCJIOTHOM Karalli3e TakoH KaTHOH He oOpa3zyercs:

271



@
(l)Et Et —0—H

BbicTpo ®
CHy—C——0Et + Hy0" Z=—=H0 +CH3—(t:——OEt MCH;CI—OH + ELOH.
Ot OEL Ot
WHTepMeauaT,
MMEIOWUUA  BbICOKYIO 3HePruK
OFt EtQ"'H“r“A e
ML NEHHO E/. ) A

CHrC[—OEt +HA == CH3—(i‘-—-OEt ——————» CHy—C—OEt + E4OH .

Ot Ot Ot

nepexoHoe

COCTORHUE

s janHoi peakuum sHepretudecku (A G” ) BBIrOJHEE UATH TIO
BTOPOMY IIYTH, C IOTEPEit SHTPOIHH H3-3a BKIIFOYCHHS B IEPEXOAHOE CO-
CTOSIHUE COMNPS)KEHHOI'0 OCHOBAHHS KUCJIOTE AH, HO 3aT0 ¢ HH3KOH JH-
TabIIUeH, YeM IIpeoIoNieBaTh BEICOKUM Gapbep Ha cTaauu obpa3oBaHUs
[POTOHUPOBAHHOIO KATHOHA — CONPSKEHHOH KHCIOTHI opmo-3¢upa.

3.3.7.n. BJIMAHHME HA MEXAHW3M BPEMEHHU JKU3HW MHTEPMEJIMATA

Ecin B peaxiiu o6pasyercss HGKMI HHTEPME/HAT, TO MEXAaHU3M pe-
AKIIMH 3aBHCHT OT BPEMEHHU €ro Xu3Hu. Eciiu uHTepMenuar pasiaraercs
MOHOMOJIEKYIISPHO CO CKOPOCTBIO Gonbiueit, uem 1013 ¢! (nmpenensnoe
3HAYEHHE YACTOTHI KOjIeOaHHi), WM OUMONEKYISIPHO (CO CKOPOCTBIO
6onbeit, yem 5 - 10° 1/(mosn - ¢) (npenen cxopoctu auddysuu), To
(haxTHUECKH ero He CYIICCTBYeT M PeaKUMIO HYXXHO paccMaTpHUBAaTh
KaK CODIaCOBaHHBIA NpOIECC C OJHOBPEMEHHBIM Pa3pbBIBOM CTapbIX
U obpa3oBanueM HOBBIX cBsi3eit. Eciin mHTepMenwar uMeeT Ooibuice
BpeMsI XKH3HH, TO OH MOKET CYLIECTBOBATh, HG BOIIPOC O TOM, IIOMAET JIH
peakuHs yepe3 Hero Uiy Haliuer Apyroi, Gosiee JIETKHi, CorIacoBaHHbIN
MyTh, 3aBHCHT OT CTPOEHHS cyDbcTpara, BTOPOIO pearcHTa, Cpejbl,
MIPUCYTCTBHS KaTAIN3AaTOPOB U T. II.

Yrobpl NPOHILIIOCTPUPOBATH CBSA3p MEX/IY THIOM KHCIOTHO-
OCHOBHOTO KaTajH3a ¥ BpEeMEHEM >XKH3HH HHTepMeuara, pacCMOTPUM
PEaKIMIO MIPUCOEIHHEHMS THONOB M THOJAT-HOHOB K MOJIEKYIJIE all€TalIb-
nervga. B 060011eHHOM BHjIe MEXaHU3M FKYKICO(HIEHOTO MPHCOEAHMHE-
HHS 10 KapOOHUIBHOM IPYIIE MOXKHO 3aIlMCaTh CIeAYIOmuM 06pasoM:

(|)— OH
o)
7
Nu :© +CH;, —c< %CH3—(|Z—H i;é»CH3—C—H+A9, (3.27)
H k- d
Nu(I®) Nu
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Ta6nunua 3.11
MexaHH3IM OPHCOERHHEHUSI THOISITOB M THOJIOB K aleTAIbICTHAY

k_i ™D o Mexanuim
C,H;S® 6-10° 0 HEKATANUTUYECKHH
CH3;0—C—CH,S®
7107 cM. puc. 3.12 | saxsar [7
kucnoroit AH
ARS® 10%-10" | 0,16-0,26 | H-cessbiBanue
(npenaccoumanys)
RSH O4YEeHb ~ 0,7 COIVIaCOBaHHbBIA
onicTpo
CF3CH,OH(+CH,=0) | ~ 10" 0,30 COIIACOBAHHBIH
rne Nu~ —aHuOH Hykneoduna; k» = kay [AH]—xoncranra cxo-

POCTH NPOTOHUPOBAHMS HOHHOIO HHTepMenwara I~. Bpems xusHu
AHTEepMenHaTa [~ 3aBHCHUT OT CKJIIOHHOCTH NU ™~ K OTHICIUICHHIO OT
3TOro uHTepMenuata (k.; B Taba. 3.11) u cxopocTu npoTroHU3auuy [~
(kaulAH]). B nepsoit peakuuu annon C,HsS™ sBnsercs cunpHelmmm
HykieodpuioM (cMm. paza. 9.5.8, n1. 9), ciaeqoBaTeNbHO, OYEHb IIOXOH
yXO[IIeH IPYIION. DTOT aHHOH IUIOXO OTHIEIIAETCs oT I ™, 1 moatomy
k_, He oueHb Benuka. [IpoToHusauus I~ unmer ropaszmo OvIcTpee, Yem
obparnoe otmemtenne C,HsS™; crenosarensHo, MEAJIEHHOR cTaguei
Bcero mpornecca Oynet cragus k. Kucnora AH yuacteyer B peakiuu
TOJIBKO TIOC/IEe Hauboree Me/UIEHHOH CTaJuH k|, U HUKAKOTO KaTaru3a
Habmonatees He Oynet (xoadpunnent bpercrena o =0).

[Ipu BBeaeHuH 3ekTpoHoakuentopHo# rpynnel — COOCH; aHuMOH
THOJIATa CTAHOBHTCSI MeHee HYKJIeO(GUIbHBIM 1 00Jiee CKIOHEH OTILEI-

asTeest ot 17, e, k) yBenuuusaercs. [1ockobKy AG” | YMEHBIIAETCH,
propas cragus (k) yXe MOXeT BAMSITH Ha CKopocth. Tax, ecnu
I™ mocrarouno OsicTpo oTmieruiier Nu™, To Oydepras kuciaora HA
MOKET YBEIHYUTH OOMIYIO CKOPOCTh peakiuu (3.27), saxparbiBas I~ u
TaKUM 00pa30M KOHKYpPHUPYS HJIH COBCEM HOIABJIASA peaknuio kA_ ;. Jlos
Nu™=CH3;00CCH,S™ B orcyrctBue AH k_; = k; (mpoToHHU3aHS OCY-
UIECTBASETCA PACTBOPUTENEM, T. €. BooH). IIpH HU3KUX KOHLIEHTPAIHUIX
[AH] Cxopocts peakuwuit (3.27) Bo3pacTaeT BCIEJICTBHE yBEIHUEHMS
CKOPOCTH BTOpod cTaaud. Termepb NposBISETCS OOMWMH KHUCIIOTHBIN
KaTalu3 W BenuuuHa xoddduimedHra « XoTa M Mana, HO He paBHa
HYNIO. 3aBUCUMOCTh CBODOJIHOM 3HEPruM OT KO3POHUIHMEHTA PEeaKIHH
NoKa3biBaeT AuarpamMma Ha puc. 3.10,6. Ilpn Beicokux AH winu npu
nobapiieHuy Oojiee CHABHOM KHCIOThI AH cTanus k» CTaHOBUTCA OYEHb
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bicTpoit (kay &~ 5-107° 1/(Monb - ¢), T. €. paBHa CKOPOCTH AHpDY3HH)
M TOTAa MEAJIeHHOM Oyner onsTs nepeas cragus (puc. 3.10, ), karanus
HCUE3HET M & YMEHBIIHTCA JI0 HyAA. Takum obpazom, rpaduk bpencrena
OyneT HenuHEEH.

B Tperseit peaknun u3 tabn. 3.11 HyxiaeoduramMu SBAAIOTCS apnn-
THOIaThl ArS™, KOTOpble KaKk HyKneo(HIbl He OYeHb CHIBHBIE BCIIEH-
CTBHE ACIOKAIU3AINH OTPHIATENHFHOTO 3apasia 10 KOIbIY

HO 3aro (110 3TOHM X€ HPUYHMHE) UMEIOT CBOHCTEBA XOPOILO YXOASHIHX
rpyni. B 3TOM ciyuae k_; HAacTONBEKO BelHKa, 4To I~ yxe umeer no
CPaBHEHHIO €O CKOPOCThIO Ju(y3ud OUeHb KOPOTKOE BpEMs JKH3HH.
Hntepmenuar I~ He ycleBaeT 3aXBaTHTHCH KHCIOTOH, mockoyibky AH He
ycneBaeT K HeMy npoau¢@yHIupoBaTh 3a CTOJIb KOPOTKOE BPEMS SKH3HH.
3TOo HpHBOOWT K H3MEHEHHIO MeXaHuM3Ma. Tenepp BMECTO 3axBara
peanu3yeTcsa KaTaJuTHYeCKHH MyTh, Ha KoTopoM AH urpaer pons He
IIEPEeHOCYHKA IPOTOHA, 4 NOHOPa BOOPOAHOM CBA3M ¢ KapOOHHIBHBIM
KHCTIOpoaoM arbaernaa. OOpazoBaHUE BOJOPOAHOM CBA3H CITIOCOOCTBY-
€T YBETUYEHHIO CKOPOCTH CTaJUU IPHUCOEIUHEHHs Hykieoduna (k).
Taxol MexaHuU3M Ha3bIBACTCS NPedacCOyUAMUBHbIM.

O O...H~-A
/ _
CH3C/ +H-—A _Gricrpo, CHS_C/ N
~N AN MeJIJIeHHO
H H
OH
/O_. ..HA
— CH;—~C—H _— CH3—C—H+A9.
\Nu 6rIcTPO
Nu

Hefirpansusie tnonst RSH sBisttores eme 6onee caabeiMu Hykiteobu-
Jnamu. bapsep Ha NMyTH peakuuu k_; B JTOM ciydae Mall, U BCIeEn-
CTBHE 3TOTr0 HaOIOmaTh MHTEpPMEIuaT He ynaercs. Eciau MHTepMeauar
oOpasyercs, TO OH cpasy e IPOTOHUpYyeTcs H (PaKTUHECKH IIpOLece
ataky Nu~™ 1 HA 6yzneT coracoBaHHBIM (npalcmqecxn OJHOBPEMCHHOE
MPHCOCIHHEHUE HYKICO(QHIa U IIPOTOHA);

7]
RSH +CH;CHO +HA % RSHCH(CH;)OH +A® —

6uICTPO

—» AH+RSCH(CH;)OH.

IlepeHoc MpOTOHA IPOUCXOIMUT YXKe HE JUCKPETHO, a ABISETCS 4aCThIO
CIIOKHOTO TpoIecca ¢O 3HauuTeasHbIM DapbepoM (k). Koahdunuent
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Bpencrena nosromy noBoNbHO Benuk: a = 0,7. Jna npucoenuHeHUs
ouedb ciabo HywieopunsHoro tpudroparanona (cm. tabm. 3.11) k
dopmansaernny uatepmenuar It Takxe MMeeT OHEHL KOPOTKOE BpeMs
XKHU3HH U peakusd GaxkTHiecKyu UAeT N0 COIMacOBAHHOMY IyTH:

@
HOCH,CF;

H—-C—0° (I%)

|

H

o4yeHb Heycroiiuus (oTmennsier CF3CH20OH)

3.4. YPABHEHHME TAMMETA

Ha ocHoBanuM OOJNBHIOrO KOJIMYECTBA HAKOIUIEHHBIX JKCIEPHUMEH-
TaJIbHBIX JAHHBIX TBEPO YCTAHOBICHO, YTO PEAKIMOHHAsA CIIOCOOHOCTH
BeIecTBa CBSN3aHa C ero COCTaBOM, CTPYKTYPHOH GOpMYIIOi U HaTHIHEM
omnpeneneHHbpX (QYHKIMOHANBHEIX Ipynn. Hanpumep, ToT ¢akrt, 4ro
TONYON HHTPYETCS a30THOM KMCIIOTOH ObICTpee, deM DeH30I1, 03HadaerT,
YTO TOIYOJ TaKKe H0JIce PeaKIMOHHOCIIOCOOEH U IIPY rajIOT¢HHPOBAHHUH
B S/IpO, U IpH CYIb()DUPOBAHHU CEPHOH KHUCIOTOW, W B PpPeakiHu
®punens—Kpadrca, 1. €. BO BceX peakysax IEKTPOGIHLHOTO apOMaTH-
yeckoro 3amemeHus (cM. n1. 13). ®@eHos B TaKUX peakiusix enie dojee
PEaKIIMOHHOCIIOCODEH, a HUTPOOEH30I pearupyeT MeieHHee OeH3oa.
W3 3THX W Ipyrux [MpHMEpOB MOXKHO CJIejaTh BBIBOJ[, 4YTO, HABEPHOE,
CYIIIECTBYET Hekoe o0OOIEHHOE ypaBHEHHE, CBA3BIBAIOIIEe CKOPOCTH
peaKuuii pONCTBEHHBIX CYOCTpaTOB B MpOIECCaX, MPOTEKAIONUHX IO
OIIHOMY H TOMY € MeXxaHH3My. Takoe ypaBHEHHE OBLIO NPEIUIOKEHO
JI. F'ammeToMm B 1930-x rogax.

B npeasinympx pa3aeiiax >Toi DIaBbl MBI BUIEH, HACKOIBKO CHIHHO
BIMSET Ha KHCIOTHO-OCHOBHEIE CBOMCTBA COEIMHEHMH pacTBOpHTENS, B
JIAHHOM pa3Jiefie MBI CKOHI{EHTPHPYEeM BHUMAHHE Ha TOM, KaK BIHAIOT
Ha KHCIIOTHO-OCHOBHBIE CBOMCTBA B JAHHOM DPACTBOPHTEIE OTHOCH-
TeJIbHO HeGOJILIINE CTPYKTYPHbIE U3MEHEHHUS B MOJIEKY/JaX KHCIOT H
OCHOBaHHWH, HaOpUMep BBEJCHHE 3aMeCTHTENIed B GEH30JIBHOE KOJIBIIO
ApOMAaTHYECKHX COEIHHEHHH.

3.4.1. KHCJIOTHO-OCHOBHOE PABHOBECHE

PaccMOTpUM AHCCONMALIMIO CeMeliCTBA Mema- U hapa-3aMerlieHHbIX
OeH30MHBIX KUCIOT B Boxe Ipu 25°C (ypaBHeHHe (5.23)), xoropas
3aBHCHT OT NPHUPONBI U ITOJIOKEHHS 3aMeCTHTENs Z:
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COoH Moo cod”
@ +HO == @ + Hy0®  (3.28)
25°C
z z

HycTh, XOTS 3TO M NPOU3BOJILHO, BIHAHUE 3aMECTHTENS H3 KUCIIOT-
HOCTH DEH30HOH KHCIOTHI OyJeT MepOil HEKOTOPOT'O CBONCTRA 3aMECTH-
Tess Z (MoKa Hac TOYHO HE HHTEPECyeT, YTO UMEHHO OTPaXaeT HTO CBOH-
CTBO M KaK OHO Nepe/laeTcs K PeaklHOHHOMY LEHTPY — KapOOKCHIIbHOMA
rpymne). OBo3HauuM 3TO CBOMCTBO CHMBOJIOM ¢ H OINpEAeIHM €ro
KaK Pa3HOCTb KHUCIOTHOCTH HE3aMEIICHHOH M 3aMellIeHHOH OeH30MHbBIX
KHCIOT:

07 = pKa(CsHsCOOH) — pK,(ZCsH4sCOOH)
UIIu
07 =g K. (ZCsH4COOH) — lg pK,(CsHsCOOH).

IomnoxurensHas BENMYNHA ¢ 03HAYAET YBEIMUEHUE KHUCIOTHOCTH CO-
€AVHEHWs. NpH BBeAEeHHU 3amecturens Z. KucimorHocThs (ypaBHeHHE
(3.28)) yBenuunBaEeTCs C pOCTOM CIIOCOOHOCTH 3aMECTHTEIIS IPUHUMATD
Ha ceDs OTpHUATeNnbHBIH 3apsj, BOZHHKAIOMIMA B KapOOKCHIATHOM
anuoHe. CnegoearensHO, MONTOXKHUTEIBHEIE KOHCTAHTEL 0 COOTBETCTRYIOT
JNMEKTPOHOAKIENTOPHBIM 3aMECTHTENSAM. 3aMECTHTEIH C OTPHIATeNh-
HBIMM KOHCTAHTaMH ¢ YMEHBIAOT KHCIIOTHOCTE OEH30MHON KHUCIIOTHI;
OHH HMEIOT MCKTPOHOANOHOPHBIE CBOHCTBA, HAIPUMED:

V4 H  m-OCH; M-F ax-NO; n-NO; n-CHz n-OCHj3
pKa (Z C¢H4sCOOH)... 4,20 4,09 3,86 3,49 342 437 448
oz 0 0,12 0,34 0,71 0,78 —-0,17 —0,27

Bonee mmpoxas cBoOKa SKCIIEPHMEHTANbHBIX 3HAYCHHWH o7 OaHa B
Tabn. 3.12.

Teneps paccMOTPUM BIMSHUE 3THX )K€ 3aMeCTHUTENeH Ha AUCCOIHa-
LHIO 3aMeMEeHHBIX QEHHITYKCYCHBIX U 3-(eHUINPOMUOHOBBIX KHCIOT:

Z C¢H4CH,COOH + H,0 o2 i‘l Z C¢H,CH,COO® + H;0°;
3aM€EIleHHble
(eHUNYKCYCHBIE KHCJIOTHI

ZC¢H4,CH,CH,COOH + H20 Z C6H4CH2CH2COOe +H;07.
3AMeIIeHHbIe
3-cheHUJITPOITMOHOBLIE KUCJIOTHI
B 3Tux KHMCIOTaX GEH30IbHOE KONBIO C 3aMECTUTedeM Z YaaleHoO
oT Kap6OKCHnBHOﬁ rpynnsl Ha O4HY HIH JNBE€ MCTHUIICHOBBIC TI'DYIIIIBL
—CH,—
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Tabnuua 3.12
Kouncrauts! 3amecrurTeseit (o0 FamMera), onpeaeineHnbie 3 YpaBHeHMs

(3.28)
33MCCTMT€J’IB 7 3aMecTHTES 7
Mema- napa- mema- napa-
—CH; —~0,06 | —0,17 || —OH 0,13 | —0,38
—CyHs ~0,07 | —0,15 || OCH; 0,11 | —0,28
—CH(CH;), 0,07 | ~0,15 || ~OC,Hs 0,10 | —0,24
~C(CH3)s —0,10 | —0,20 || —OCgHs 0,25 | —0,32
—CH,CeHs —0,18 | ~0,11 || ~OCF; 0,40 | 0,35
~C=CH 0,20 | 0,23 0
—CeHs 0,06 ~0 || —0-cZ 039 | 031
—CH,Si(CH3); | —0,16 | —0,21 CH;
~CH,OCH; 0,02 | 003 | —F 034 | 0,06
—CH,OCHeHs | 0,03 | 0,07 | —CI 037 | 022
0 ~Br 039 | 023
— 036 | 044 || -1 035 | 028
H —Si(CH3)s —0,04 | —0,07
0 ~SH 025 | 0,15
-cZ 035 | 044 || —scH;, 0,15 0
OH —CF; 0,40 | 0,50
—-C=H 0,56 | 0,66 o
P
—CF3; 0,43 0,54 _s/ 0.52 0.49
—CF(CF3)2 037 | 0,53 NCH; ’ ’
~NH, —0,16 | —0,66 0
~N(CHs), —0,15 | ~0,63 || —STCHs 0,60 | 0,72
—N(CF3)2 040 | 053 || 4 © :
_ficHa)s 088 | o0g | ~S(CHax 1,00 | 090
—N3 (asuas) 0,37 | 0,08 _Isgj 8’% g’gg
~N=N—CsHs 030 | 035 ' '
p
—~N=N 1,76 | 1,96
~NO, 0,71 | 0,78
o)
~u-c7 021 | ~0
CH,
o)
~H-c7 035 | 0,14
CF3

Ecnu noctpouts rpaduk 3aBucumoctH pK, (ZCsH4CH,COOH)
n pK, (ZC¢H4CH,CH,COOH) or pK, (ZCsH4COOH) (uro 3kBu-
BAJIGHTHO 3aBHCHMOCTH OT 0), TO MHOJy4YaTcs JIMHEHHBIE KOPPEISIUH
(puc. 3.13), T.e. mma BCeX TPEX CEpHUH KHUCIOT MOXKHO HAIHCATH
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ypaBHEHHE
lg K, [ZCsH4(CH,),COOH] =07 +const  (n=0, 1 unu 2).
Ecmy nipussTh, 9T0 07-1 = 0, TO
const =1g K,[C¢Hs(CH,),COOH],
T. €. JUIst BCEX KHUCIIOT

K, (3aMerieHHOM KHCIOTHI)

lg =0zp 3.29)

Ka(HezaMeleHHOM KMCIOThI)
umi pK, (HesaMemeHHOH KHUCIOTB) — pK, (3aMEHIEHHON KHCIIOTHI)
=ozp, Tne p —HakIoH rpadukoB Ha puc. 3.13 (0,49 ana ArCH,COOH
u 0,21 nna ArCH,CH,;COOH).

VYpasuenune (3.29) xoponro NpUMeHHMO K HAUCCOLMAIMH KOPHYHBIX
KHCIIOT, apuii$pOCHOHOBBIX KHCIOT U MHOTHMX APYTHX peaxiuil mpoH3-
BOJHBIX OeH307a, HE O0A3aTENBHO CBS3aHHBIX C IMEPEHOCOM IPOTOHA.

0
cocH \\P’OH

P o

7 Z

KOPW'!HHE KHUCAOTHE . apMIlq)OC(pONOBbIE Kucnorst

CrnepoBarensHo, ypasHenue (3.29) moxuHo 00600mmTe Ha oboe
aBHOBECHE:
P lg(Kz/Ko)=02p, (330)

e K() — KOHCTAaHTa PAaBHOBCCUA IJIsf HE3AMCHICHHOIO IIPOHU3BOAHOIO
6CH3OJIa, KZ — KOHCTaHTa PpaBHOBECHA IJII Memda- U napq-3aMEIICHHBIX
IIPpON3BOAHBIX OeHzona B 3TOH XKe PECaKIvH.

pKa(ZCaH,CH,COOH nan ZCgH,CH,CH,CO0H)

475
450
425
L1 i
34 38 42 (pK,(ZCgH,CO0H)
08 04 40-62 (s,)

Puc. 3.13. I'paduxu 3aBUCHUMOCTH pK, 3aMeieHHbIX (EHMIYKCYCHBIX H (PEHUIINPONHO-
HOBBIX KHCJIOT OT PK, OCH30/MHBIX KHCJIOT € TEMH XXE€ 3aMECTUTEAMH
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VYpasuenue (3.30) HaspiBacTCs ypaguenuem I ammema. B Hero BXonsr
nsa napamerpa. OJMH U3 HUX — KOHCTaHTa 3aMECTHTENA 0z — SABISIETCS
Mepoit Brusinug Z Ha pK, OeH30iHO# KucnoTel. Jpyroil napamerp —
KOHCT@HTa PeaklUH p— eCTh Mepa OTHOCHUTENbHOM dyBCTBUTENBHOCTH
JIAHHOM peakIMU K BBEACHUIO 3aMeCTUTENs B OEH30IbHOE KONBIO (OTHO-
cuTensHO 3dQipeKTa TeX ke 3aMecTUTeNell Ha NUCCOLHAIUI0 OeH30HON
KHCJIOTHI B Bofie 1ipu 25°C, Korna Mo onpefeaeHuo p = 1).

3.4.2. KOHCTAHTbl ¢ M p

Hounzanus 6eH30AHBIX KHCIOT oflierdaercs 3IeKTPOHOAKIENTop-
HBIMH ¥ 3aTPYIHACTCS 3IeKTPOHONOHOPHBIMH 3aMecTuTensamu. llo-
CKOJIbKY CHUIBHBIE KUCJIOTB! HMEIOT HU3KUE PK,, 9TO 3HAYUT, 4TO AJIA aK-
UEMTOPHBIX 3aMeCTUTENIEH ¢ MOJOXKUTENbHBI, a U1 JOHOPHBIX 338MECTH-
Tenel oTpuuarenbHbL. Takum 00pa3oM, 3HaK ¢ MPOTHBOIIOIOKEH 3HAKY
HHIAYKTHBHOTO M Me30MepHOro addexros 3amectuteneii (pasza. 2.2.1):
Lt 3amectureneit (—I)- wnn (—M)-TUNa WM UIS 3aMeCTHUTENCH,
00a1aoMKMX MTPOTHBOIOI0XKHO HAMPABIEHHBIMU HHIYKTHBHEIM H Me-
30MepHbIM 3 dexramuy, B crydae (—7) > (+M) uma (—-M) > (+]) 0 > 0,
a it 3amectureneit (+1)- wu (+M)-tuna o < 0. ABconroTHas BeTHIHHA
O SABIAETCS MEPOH CHIIBI 3aMEeCTMTENs KaK JOHOpa MIIH akKIEeIrropa
SNEeKTPOHHOI napwl. Muns mema- U napa-Z BeguUYUHA ¢ 3aBUCHT OT
OTHOCHTEILHBIX BKJIAJOB ME30MEPHOIO M HMHAYKTHBHOIO 3¢eKToB,
a TaKe OT BKIaga 3¢dexra mons (IPSMOro 3IEKTPOCTATHUECKOIO
B3aUMOZIEHCTBHSA AUNOJISIPHON Ipynnbl Z ¢ IUNOSIPHBIM PEAKIMOHHbBIM
IEHTPOM depe3 NpOoCTpaHcTBoO; pasm. 2.2.1). [dns 3amecTHTenedl B
OpMO-TIONOXKEHHN K PEaKIMOHHOMY IEHTpPY OONBINYI0 POIb HIPArOT
IIPOCTPaHCTBEHHEIE 3(PEKTEI, KOTOPHIE 3aBHCAT HE TOJNBKO OT 00neMa
3aMECTUTEN, HO U OT oObeMa PEeakUMOHHOIO I[EHTpa U [IO3TOMY He
MOCTOSIHHBL IIPH [IepeXolie OT ONHOH peakuuu K Apyroil. B cBs3m ¢
3TUM Opmo-3aMECTUTENU B Koppeiaauuu I'amMMmera, kak IOpaBMIO, HE
BKJIFOYAIOT.

Ecnu 3Haku p u o onunakossl, 1o 1g(Kz/Kg) > 0 u Kz > K. Takum
00pa3oM, MOTOKHUTEIbHEIH 3HAK KOHCTAHTHI p IOKa3bIBaET, YTO Peak-
LHH CIOCOOCTBYIOT AIEKTPOHOAKIEITOPHEIE 3aMECTUTENH. ADCOITIOTHAS
BEIM4HHA p SIBISIETCS MEPOH YYBCTBUTEIBHOCTH JAaHHOH peakIuH K
BIHAHHUIO 3amecTuteneil. s apuinykcycHeIX KuacioT p = 0,49, T.e.
3Ta peaxilMs MeHee UYBCTBHTENLHA K BBCIACHHIO 3aMECTHUTENeH, YeM
JUCCOIMANUA GEH30MHBIX KUCIOT (p = | 1O ONpejeNeHuIo); B clydae
3-apWIIpoOnuOHOBEIX KHCI0T p = 0,21, T. €. 4YyBCTBHTEIBHOCThL eule
MeHbIIe. JTH JaHHbIe BIIONHE IIOHATHBI, TAK KAK B APUIYKCYCHBIX
KHCIIOTaX 3aMECTUTeNb Z YAalleH Ha OJHY, a B 3-apUiIIpOITHOHOBBIX
KHCJIOTaX — Ha JBE METHIIEHOBBIC TPYIINEl JalbHIe OT PEaKIHOHHOIO
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LEHTpa, 4eM B OeH30MHBIX kucnoTax. [lpu OeckoHeyHOM ynmaneHUH
OT PEaKLMOHHOTO LIEHTpa BIUSHHE 3aMecTHTeds BOOOIIe IepecTaeT
CKa3pIBaThCA U p OyIET paBHA HYIIO,

OTMETHM, YTO KOHCTaHTa p JUIS AWCCOIMAaNUH OEH30HHBIX KHCIIOT
YBEIMUKBAETCS IIPY [I€PEXOJie OT BOAHEIX PACTBOPOB K 3TAHOIY, a 3aTEM
K JIM®A; B IUNOIAPHEIX alpOTOHHBIX PACTBOPHTENIX OHA IIPHMEPHO
OJTMHAKOBa!

pacrBoputens H,O C,HsOH JM®A CH;CN JIMCO
p (ArCOOH) 1,0 1,85 2,36 2,41 2,48

B razoBoii daze HaOmionmaioTcs emre 0ojiee BBHICOKHE 3HAYEHUA p.
OTO CBsI3aHO C YMEHBIICHHEM CIIOCOOHOCTH CpeNBl COJIBBAaTHPOBATH
MIPOTOH.

OTpHnaTebHbIe 3HAYEHUSA 0 COOTBETCTBYIOT CIydasM, KOTJa peak-
UM CHOCOOCTBYIOT 3JIEKTPOHONOHOPHBIE 3amecTHTend. Hanpumep, B
peakUUAX KaTHOHOB apeHAHa3oHHA C apeHCyldb(hHHAaTaMH IIPH BBEieE-
HUU 3aMeCcTHTeNel B KaTHOH HaG/II0Nal0TCs IOJIOXKUTEIbHbIE 3HAYeHHS
p, a TpU BBENEHHH 3aMecTuTeliedl B aHHOH KOHCTaHTAa p OTpHIa-
TEIbHA.

o o MeTaton )
@NEN + CHs SO, —'_2—5°=c: N=NSO,CeHs ,  p=+376;
z

z
o © — = =207
CY: N=N + 502 ~— ﬂ'CICGH4N—NSOZ s P‘ ) .
z

z

OT0 1€rKo OOBACHHTL HA TOM OCHOBAaHUHM, YTO AKLENTOPHEIE 3aMECTH-
TEOH YBETHYMBAIOT CHIIy KUCIOTH! JIbtonca AIN], HO YMEHBIIAIOT CHITY
ocuopanus JIsronca ArSO; .

3.4.3. MOJAMPUUIHUPOBAHHbBIE NAPAMETPBI3AMECTUTEJIEA
KOHCTAHTbBI o~

Ecmu mocrpouts rammeroBckuil rpacduk nns pK, 3aMelICHHBIX
¢dbeHonoB, McnoNB3yd 3HaueHHe oz M3 Tabn. 3.12, To oOka3plBaeTcH,
4TO HEKOTOpPBbIE TOUKH CHIBHO OTKJIOHSIOTCS OT mpsmoit (puc. 3.14).
OTKIOHEHHUA CTPYKTYPHO 3aKOHOMEPHEI; BCE Mema-3aMECTUTENH JIEKAT
Ha TpsAMOH, napa-3amecturenu (+M)-THIa TakkKe JeXaT Ha IpsAMOH,
a OTKIIOHSIIOTCS JIMIIb napa-3aMectutenu (—M)-tuna: NO,, CHO, CN
H T. I. DTH OTKJIOHEHHS MOXHO CBA3aTh C TeM, UTO B (EHOIAT-aHHOHE
OTPHILIATENLHO 3aPsDKEHHBIN aTOM KHCIOPOJa HEMOCPEACTBEHHO CBSI3aH
¢ 6eH30/IbHBIM KOJBIIOM, B TO BpeMs KaK B aHHOHE OeH30MHOMN KHCIOTHI
OTPULATENBHEIN 3aps OTAeIeH OT O€H30ILHOTO KOJIbIa KapOOHMILHBIM
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Puc. 3.14. Ilpoctoii raMMeToBckHil rpa-
UK U1 [HCCOMMAaLHH 3aMEHIEHHBIX (e-
HOJIOB B Bojie npH 25°C

yraeponoM. IToatomy (—M)-3aMecTHTeNH cTOCOOHB! K NMPIMOMY B3aH-
MONEHUCTBHIO C aTOMOM KHUCJIOpONa, HallpUMeED:

=)
0 [¢)
\QC _@_[66 N\ (cunbHENt Me3oMepHbIA
W H/C O 0 IPPeKT)

Takas menoxkanusalus 3apsaa crnocobcreyeT ctabusmmsaiuu QeHomsT-
HOHA B ropa3no 60ablIell CTeleHH, 9eM B ClIydae apriIkapOOKCHIaTHOTO

§C cgs

TaxkuM 00pa3oM, KOHCTaHTH 3aMeCTUTEACH ¢, MONYYEHHEIE IIPH
H3YYCHHH HOHM3aUUHA OEH30HHBIX KHCIIOT, IPMMEHHUMBEI HE KO BCEM
PeaxiusM, a TOIBKO K TE€M, B KOTOPBIX XapaKTep CBA3H PEaKilHOHHOTO
LEHTPa C 3aMeCTUTeNeM NPUHIMNHMAIBEHO TAKOH e, KaK B OEH30HHBIX
KHCIIOTAX.

Jlns peaxuuyii, B KOTOPEIX 7-3JIEKTPOHHAS IIOTHOCTh PEaKLHOHHOTO
[IEHTpa COIpSIKEHA C 3aMecTUTeneM, oOIagalonuM SJIEKTPOHOAKIEII-
TOPHBIMH CBOWCTBAMH, IPUMEHSIOT APYTYIO KA1y KOHCTAHT 3aMECTH-
Tejel, KoTopas UMeeT CUMBOI ¢ («CHUrMa ¢ MHHycoM»). YucneHHbIe
3Ha4YEeHHs KOHCTAHT ¢~ BBIOpaHbI Tak, 4ToOB! pK, napa-3aMeleHHBIX
¢denonoB s Z = NO,, CHO, CN u T. 11. momanu Ha npsmMyto (puc. 3.14).
3HaueHUs o~ npuBeNeHb! B Tabl. 3.13; oHM MOryT OBITH UCIIOIB30OBAHBI
B JIPYTHX aHAJOTHYHBIX Cly4asx; Hanpumep, pK, HOHOB aHHIUHUS
TMyqIue KOPPeIHpyloT ¢ o, 94eM o (p =2,77). DTO CBI3aHO ¢ CONIpsIKE-
HHEM OCBOOOXKIAIONIEiCss OT IPOTOHA DIISKTPOHHOH ITaphl aTOMa a3oTa
B IIPOAYKTE PEaKIUU — CBOGOMHOM aHUITHHE!

0 03

[32] N4 e
\>c NHy + HO === \/c@uﬁz + Hy®
H H

HeT conpaXKeHus CUfibHoe CONpRIKEHHE
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Tabnuna 3.13
CpapHeHHe KOHCTAHT 0 M 0~ JJIst HApa-3aMeCTHTENeH

napa-3aMecTHTenb o o~ Aog=0" —0o
~NO, 0,78 1,27 0,49
—CN 0,70 0,88 0,18
0
Va
-C ( 0,48 0,84 0,36
CH;
0
V4
-C : 0,45 0,74 0,29
OC»Hs
0
Vi
-c7 0,44 1,04 0,60
~N
H
0
P
—c( 0,44 0,78 0,34
OH
—C=CH 0,23 0,52 0,29
—CéHs ~0 0,08 0,08

Ecau B peakuuH 1o coCeACTBY ¢ GCH3OIBHBIM KOJIBIIOM BO3HMKAET
KapOOKaTHOHHBIN I[EHTD, HAPUMED

CeHy CeH,
| Kpr
ZCH,—C—C,H,+H,S0, == Z C,HA—G(}:)—C,,HB + H,0+HSOP,
l
OH

TO B CJIydae, Korjia Z siBISeTCs 7-JOHOPHBIM 3aMEeCTUTENeM (HarpuMep,
Z-napa-OCH3), koHCTaHTH paBHOBecus Kg+ Oonblle OKHAAEMBIX Ha
OCHOBAHHH 3Ha4YeHHI KOHCTAHT ¢ ['amMera. B 3TOM ciydae HCHONB3y-
€Tcsl mKajga KOHCTAHT o («CHIMa C ILIIOCOMY); MonpoOHO oHa Oyaer
paccMoTpeHa B rase 13 IpH OIMUCAHUK apOMATHYECKOIO EKTPOGUIb-
HOI'0 3aMENIEeHUS.

YpaBHeHune 'aMMeTa IIPUMEHHMO HE TOJNBKO K PABHOBECHBIM ITPO-
1eccaM, HO H JIJis KOPPEJIsLH CKOpOoCTeil HeoOpaTuMbIX peakuyi. Toraa
OHO 3aIHCHIBAETCA B cleayroueld gopme:

lg(kz/ko) = ozp, (3.31)

rae kz — KOHCTaHTa CKOPOCTH pCaK COCAUHCHHUSA C 3aMCCTHTEIIEM Z;
k() — KOHCTAaHTa CKOPOCTH PEAKIUH HE3AMCUICHHOIO COCTMHEHHUS.
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3.4.4. YPABHEHHUE TA®TA

B 1950-x roxax 65U10 OPEIUIOKEHO YpPaBHEHHE, aHAIOTHYHOE yPaB-
Henuto ['aMmera, HO IPUMEHAMOE IS YUCTO anH(aTHICCKUX COeUHe-
HH, KOTOpBIE He SBIISIOTCS NPOU3BOAHBIMU Oenzona. Mcrmons3ys BEIBO-
el Uuronsaa, cnenannsie eme B 1930 roay, Tadt cpaBHmMI nepexonHsie
COCTOSHMS JUIS KHCJIOTHOIO M OCHOBHOTO THAPOJIN3a CIIOKHBIX 3(GHPOB
amudarngecknx KapboHOBbIX kHCIOT (cM. pa3a. 18.8.2, rn. 18):

OH + (l) -
i
R—C—OR’ R—C—OR’
OH, OH
A XHCAOTHOrO ANRS FEAPONH3A NOJ
THAPONHIA nefcrasen OH™

Brino nocTynupoBaHoO, YTO, BO-IIEPBHIX, B 3THX ABYX peaKIMIX Mpo-
CTPAHCTBEHHBIE B3aUMOAEHCTBHS OJHHAKOBBI, MOCKOJIBKY NEPEXOAHBIE
COCTOSHHS OTJIHYAIOTCS JIHUIIS TEM, YTO B IEPBOM M3 HUX Ha J(Ba IPOTOHA
0onbIIe, YeM BO BTOPOM (3TO HE COBCEM BEPHO, TaK KaK COIbLBATAIUSA
ITHX TIEPEXOJHBIX COCTOSHHH MOXeT OBITh O4YeHp pasHoii). Bropoe
APeANoIOKeHUE COCTOSIIO B TOM, YTO B YHCTO aTHpaTHISCKUX COETHHE-
HHUAX 3aMECTHTENM HE NPOSBAAIOT Me3oMepHble (1M)-addexrtsl. Ecnu
MPUHATH 3TH 1B JAOIYNIEHHS, TO MOXHO CJENaTh BRIBOJ, YTO PA3NIHUHE
BO BIMSHHMH 3aMECTUTE/IEH Ha CKOPOCTh THAPONH3A CIOXKHBIX 3QHPOB
TIpH KHUCIIOTHOM M OCHOBHOM KaTaJIn3e OOYCIIOBIEHO TOJIBKO MOJISIPHBIM
(1. . MHAYKTHBREIM) 3(¢$eKToM, KOTOpBIH JIOJKEH OKa3bIBATh IIPOTH-
BOTIOJIOKHOE BIIMSHHE Ha MPOTHBOMOIOXKHO 3apsKEHHBIE NEPEXONHBIE
coctosiHuA. TakuMm o0pasoM, s peakuud runponusza ZCH,COOC,Hs

lg(kcn,z/kow, )8 — 1glkem,z/kem)a = 0Cu,zP",

rae kcu,z —KOHcTaHTBl ckopoctu rugpoiusa ZCH,COOEt; kcp, —
KOHCTaHTHl CKopocTH ruaponusa stunanerara (CH,Z=CHiz; B u A
COOTBETCTBYIOT OCHOBHOMY M KHCJIOTHOMY KaTalmuzy; ¢* («curma co
3BE370YKOH») — KOHCTaHTa 3aMecTHTeNs Tadra, namomas npencrabiie-
aue o nomapHoMm d¢dexre CH,Z oTHOCHTENBHO CTaHAapTa, KOTia
ZCH; pasro CHj. Utobpl BenHUUHBL 0" MOMYyYMIUCh CPABHUMBIMH C
koHcTanTamu o I'ammera, TadTt BEIOpan 3HaveHHEe KOHCTAHTHI PEaKIHH
pr=2,48.

B Hacrosmee BpeMs BMECTO KOHCTaHT o HCIIONTb3YIOTCH KOHCTAHTHI
o7 («curMa HHIYKTHBHAsI» ), CBA3AHHLIC C 0 IPOCTHIM COOTHOMICHHEM

01(Z) = 0,450*(CH,2).

KoHCTaHTHI 07 HAWITYYHIUM 00pa3oM OTpaKaloT YHUCTHIH HHIYKTUBHBIHA
a¢dext (B oTamuHMe OT KOHCTAaHT ['amMmera, ocobeHHO IUis napa-3a-
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MECTHUTENIEeH, KOTOpBIE SBIAIOTCS CYMMOH MOJSAPHOIO U ME30MEPHOro
atexro). VX onpeaensor TpeMa cnocobami.
1. M3 koHCTaHT aHcconHalyM 4-3aMelleHHBIX Ounukno-[2.2.2]-
OKTaHKapOOHOBBIX KHCIOT B 50%-M BoxHOM 3taHoje npu 25°C:
COOH

Pha(Z=H)-pKo(Z) = 1656,(Z) .
z

2. VI3 KOHCTaHT AHCCOIHAIIMHN 3aMEeIIEHHbBIX YKCYCHBIX KHUCIIOT B BOJIE
npu 25°C:

ZCH,COOH;  pK,(CH;COOH) — pK,(ZCH,COOH) = 3,8160;.

3. U3 xumuueckux casuros dropa (dF ) B cnexrpax AMP-1°F mema-
3aMelIeHHbBIX (TOPOEH30JI0B:
F

F F

CBOJIKa KOHCTAHT o7 JaHa B Tadn. 3.14.

Ta6uuua 3.14
HMHAYKTHBHBIC KOHCTAHTHI 3aMECTHTEIEH

3amecTHTEND oy JaMecTHTEND o
—CH; —0,04 —SCH; 0,23
O
—CgHs 0,10 —s7 0,50
<
0 CH;
7
-cZ 0,28
CH;
0 0
7 0,30 ~sZcH; 0,59
OC;H;s 0O
—C=N 0,66 ~F 0,50
—CF; 0,45 -Cl 0,46
~NH, 0,12 —Br 0,44
—N(CHs), 0,06 -1 0,39
O @
-NHce? 0,26 ~Cl—CeHs 1,72
N
CH3 ®
—-NO; 0,65 —Br—CgsHjs 1,63
®
—OCH; 0,27 —1—CsHs 1,35
—OCéHs 0,38
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W3 naHHeIX Tabauibl BUOHO YTO BCE TPYINBL, KPOME ANKHIBHBIX,
SIBISIOTCS AKIENTOPHBIMH, T.e. mposBrsmor (—/)-3dhdexr u, coorBer-
CTBEHHO, UMEIOT MIOJIOKHUTEIbHBIM 3HAK 07,

3.4.5. COOTHOMEHMUE JUHERHOCTH CBOBOJHBIX SHEPTHId U
CTPYKTYPA HEPEXOJHOI'O COCTOSIHUA

YpaBuenune ['amMera, ycTaHaBIMBas JIMHENHYIO CBA3b MEXIY KOH-
CTAHTAMH PaBHOBECHH M (MIIM) CKOPOCTEH XHMHUYECKHX PEaKLUi, TeM
CaMBbIM YCT2HABIHBAET JTHHEHHYIO CBS3b MEX/y CBOOOIHBIMH SHEPIHsI-
MU 9THX nporeccoB (AG® umn AG7). Takum 06pa3oM, 3TO ypaBHEHHE
OTPAXKAET NPUHYUN AUHEUHOCMU c80000HbIX Hepeuti (npunyun JICD).
DTOT NPHHIMUN YCTAHOBJCH HCKIIOUUTEILHO Ha OCHOBE JKCIIEPHMEH-
TaJBHBIX JAHHBIX H HE MMEeT alpHOPHOTO TEOpPEeTHYECKOoro obOCHOBA-
HUSL

Ecnu, HanpuMep, CpaBHHBAIOTCA JIBA PAaBHOBECHBIX IIpoliecca, To,
nockonbky AG° = —RTInK, ypaBHenue ['aMMeTa MOXHO 3aIllMCaTh
cnenyromuM obpa3om:

AG° = pAG® +const.
OTO BHIpAKEHHE MOPKHO nepemnucats B AdddepeHunansHoi Gopme:
SAGS = pdAGY

M MHTEPIPETHPOBAThH CIEAYIOIIMM 00pa3oM.

CranpmaptHas cBOOOMHAA IHEPrHA JUCCOLMAIIMU CaMOH OeH30HHOM
KUCIOTBH AG® M3MEHSETCS IPH BBEICHNH 3aMECTHUTENS Z B apOMaTHye-
ckoe A1po Ha BenuuuHy SAGY . DTOT e 3amecTuTens Z BhI3BIBACT U3~
MeHEHHUE CTaHAapPTHOH cBoOOnHOH sHeprun AG® MUCCOLHAUNH APYTOro
apOMaTHYECKOTO COEQHHEHUs, HarpuMep (HeHUIyKCYCHOM KHCIIOTHI, Ha
BenuuHHy 0AGY. YpaBHeHue ['aMMeTa TOBODMT HaM, YTO M3MEHEHHS
CTAaHJAPTHBIX CBOOOJHBLIX HHEPIUH B Pa’IHMYHBEIX pEaKIsAX, BbI3BAH-
Hble ONHHM H TEM )XE€ 3aMECTHTENIeM Z, NMPONOPHHOHAIBHE MEXAY
coboii:

SAGY ~SAGY,

1 k03(QQUIMEHT NPOMOPLHOHATILHOCTH L SIBIAETCS CPaBHHTEIBHOH
MepOoH YyBCTBHTEIBLHOCTH K BBEIEHHIO 32MECTHUTEINS 8MOPOU peaxyuu
OTHOCHUTEJILHO YYBCTBUTEILHOCTH K TAKOMY K€ CTPYKTYPHOMY H3MEHE-
HHUIO Nepeoii peakyuu.

Kak yxe oTMedanoch BBIIE, HCTOPHYECKH paHbUIE YpPaBHEHHS
l'amMera NOABUIIOCH ypaBHEHUE bpeHcTena, KOTOpOe ToXe SBIsSeTcs
ontHOH U3 popM BelpaxkeHus npuHiuna JICD (pa3x. 3.3.7). B ypaBHeHuu
bpencrena (3.23) u (3.24) lgk nponopruonaieH cBobomHoM 3HEpPrUH
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AKTUBAaLMH KaTanUTH4YeCKOH peaxuuu, a lgK — cBobogHOM JHEpruu
HOHM3ALMH KaTalu3aTopa. JIerko rnokasaTh, YTO MEXAY YPaBHEHHSIMH
Bpencrena u 'ammeTa nmeeTcs TecHas cBA3b. Eciu Kpyr kaTanu3atopos
OIPaHUYHUTh Mema- W napa-3aMeuleHHBIMH OEH30WHBLIMH KHCJIOTaMH,
TO, MOCKOJIbKY KOHCTaHThI ['amMmeTa onpenensrorcs u3 3HadeHuid pkK,
OEeH30HHBIX KHCIIOT, IOJDKHA HAOMHONATHC CIIEAYIONIas KOPPEIsSIus:

lg(kz/ko) = 0 p = p[pKa(CsHsCOOH) — pK,(ZCsH,COOH)].
Cre1oBaTeNbHO,
lgkz = —ppKa(ZCsH4COOH) + [Ig ko + ppKa(CsHsCOOH)],

rae kz 1 kg — CKOPOCTH PEaKIIMH [IPU KaTalH3e 3aMelIeHHOH U He3aMme-
IIeHHOH OeH30MHOM KHCIIOTO COOTBETCTBEHHO.

CyMMa B KBaJipaTHBIX CKOOKaX JUISl JaHHOH peaxIiiH IIOCTOsHHA (He
3aBUCHUT OT Z). DTO 3HAYHUT, YTO MONYICHHOE YPAaBHEHHE HMEET TOUHYIO
tpopmy ypaBHenus bpencrena, ecnu p = . Ho xoaddunuent bpencrena,
KaK YX€ YIOMHHAIOCH B paszaene 3.3.7.6, MoxeT OBITH CBS3aH €O
CTPOEHHEM MEPEXOAHOro COCTOsIHUA (deM Onmke « K 0, TeM nepexoaHoe
COCTOsIHHE OOJIBIIIE HAITOMUHAET UCXOAHBIE PEareHTHl, a UeM OIIiKe o K
1, TeM nmepexonHoe cocrosiHUE ONMKe K NpORyKTaM peakuun). Orcrona
CIEeAyET, YTO BEIMYMHA KOHCTAHTHI p JJIS KMHETHUYECKHX KOppeasuui
TOXXE JOMKHA OBITH CBSI3aHA C MOJIOKEHHEM MEPEXOTHOrO COCTOSHUS Ha
koopAHHaTe peakunu. Ha caMoM fiesie cuTyalus CIOXHee.

Ilpu KoppeimuM CKOpOCTeH peakmuit no ypaBHeHuto I ammera
KOHCTaHTa p CBS3aHA CO CTPYKTYPOH IEPEXORHOIO COCTOSHHSA (TOYHEe,
C pa3sHOCTHIO CBOOOJHBIX JHEPTrHH MEXAY OCHOBHBIM H IIEPEXOIHBIM
COCTOSIHHSIMM), OTpa)kas CTelNeHb M3MeHEeHHs (0Opa3oBaHHA HIIH HC-
YE3HOBEHHA) ICKTPHUYESCKOTO 3apslla HAa PEaKIHOHHOM LIEHTPE B Ie-
PEXOIHOM COCTOSSHHHM M CTENEHb OTKIIHKA 3aMECTUTENs Ha 3TO H3Me-
Henue. ToT ¢akt, yto cooTHoumienue JICO sMHEHHO, 03Ha4YaeT, 9410 p —
MOCTOSIHHAS BEJIMUMHA, XapakTepUCTHUecKas AdS HAHHOH peakLuy, H,
CIIeIOBATENBHO, IEPEXOIHOE COCTOSIHIE UMEET OIMHAKOBYIO CTPYKTYDY,
He 3aBHCSLIYIO OT 3aMecTurens Z.

OTO0 3aKTIYECHHE TUAMETPAIBHO IIPOTUBOIIOIOKHO XOPOIIO H3BECT-
HOMY TNPHHUHNY (QH3HYECKOH OpPraHUYeCKOH XHMHH, KOTOPBIM Ha3bl-
BaeTcs nocmyramom Xommonoa. B cBoell npocreiimieli GopMyIHpOBKe
MOCTYNAT YTBEPXKIACT, YTO NEePexoiHoe COCTOSHHUE IH/I0TEPMHUYECKOil
CTAAHH peaklHy IOX0Ke HA NMPOIYKTHI, 2 NMepexodHOe COCTOSHME
JK30TEPMHYECKOH CTaAHHM pPEaKIUH NOX0XKe Ha peareHTsl. CiIoBO
IIOXOXE» O03HAYaeT CXOACTBO CTPYKTYPHI M ONMH30CTh [0 3HEPIHH;
CIIE/IOBATENbHO, 3K30TEPMHUUECKAss peakudss HMeeT HH3KYI 3HTalb-
[MIO aKTHBAUMH, & SHJ0TEPMHYECKAsl PEaKIHs — BHICOKYIO SHTAIBIHIO
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o,

Puc. 3.15. Cxemaruueckoe orobpakeHue
nocrynara X3MMOHJA JUI1 TPEX peakuui
¢ pasHo#l sx3orepmuyHocThio. TIC —ne-

PEXOJIHOE COCTOSHUE; KOOpAHHATA X = 0 x=0 w2
COOTBETCTBYET peareHraM, a x = 1 -- npo- ne
AYKTaM Koopdunara peaxyuit

aKTHBallMK M ueM GCojiee peakiys SK30TEpMHYHa (WIM 4eEM MeHee
SHAOTEPMHUYHA), TEM DHTANBIUA aKTUBaUMHK HIDke (puc. 3.15).
Bo3bMeM B kauecTBE IPUMEpPa KHCIOTHYIO HOHM3aLHIO 3aMENIEHHAIX
TOJIYOJIOB IO/ IeHCTBHEM OCHOBaHMH B~ B CHJIBHO OCHOBHEBIX Cpenax
(manpumep, NaNH,/NH; xuaxk., (C;Hs)yNOH/JICMO u 1. i.):

#+
o - 8- (<]
CHyH+B == CH;...H...B | ——> CH, + BH
4 Z z
pearexTbl NepexoQHoe CoCToRHMe fpOAYKTS!

OTpBIB IPOTOHA IPOHCXOAUT AOCTATOYHO ME/UICHHO, H MO3TOMY CKO-
POCTB 3TOH peaKi(iy NErKo NTOAAAeTCA H3MEPEHHIO OOBIYHEIMU KHHETH-
YECKUMU MeTOAaMH. ECIIM B peakIuu IepexoqHoe COCTOSHUE KIIO3THES)
(xax TIC3 Ha puc. 3.15), To oHO Oymer monoOGHO MPOXYKTY DPEAKIIHHU
OCH3MITLHOMY aHHOHY ZC6H4CH29, 3aMecTuTeNns Z Oyoer aKTUBHO
YYacTBOBaTh B JICJIOKANH3ALMM 3apgaa W peaknus OyaeT upesBblyail-
HO 9YBCTBUTEJbHA K O3JEKTPUYECKUM ddubexraM Z, YTO NPHUBENET K
BBICOKOMY abcoiroTHOMY 3HadeHuio |p|. Ecnn mepexonHoe cocTosiHue
«pannee» (kax I1C/ na puc. 3.15), To B HEeM OTpULIATENLHEIA 3apay Oyaer
HeOONBIINM, peakuust OyJeT MeHee YYBCTBHTENbHA K JIEKTPHYESCKUM
CBOMCTBAM 3aMecTUTeNs Z U BenuuuHa |p| Oyner MeHblue.

Takyio KapTUHY HHOTAA HA3BIBAKOT IIPUHLIMIIOM CEIEKTHBHOCTH.
OdeHp PeaknHOHHOCIIOCOOHEINH peareHT OTHOCUTENBHO Mallo CeleKTH-
BEH B PEaKIMH ¢ JAaHHEIM cyOcTparoMm (|p| mMano), a peareHT ¢ HU3KOH
PEaKIMOHHOM CIIOCOOHOCTRIO B JTOI K€ PEaklMy OYeHb CEJIeKTHBCH
(lp] Bemuko). Takum 006pa3OoM, MOKHO NPHITH K 3aKIIOYEHHIO, YTO B
OBICTPBIX peakIUAX IEPEXOHOE COCTOsIHUE DOoTIee ITOX0XKe Ha PEareHThl,
yeM Ha ITPOAYKTHL, a B MEIUICHHBIX Peaxlmsx HaobopoT.

3neck BO3HUKACT AHIIeMMa. YpaBHeHUe ['amMMera ucrnonssyercs s
HCCENOBaHMs THIIA NEPEXOJHOTO COCTOAHHs (IO BenuuuHe |p|) B
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CEMEHCTBE CXONHBIX COETUHEHHH ITyTeM BaphbUPOBAHHSA 3aMeCTHTEIEH
M, CIIEJIOBATENBHO, IIYTeM U3MEHEHUS PEeaKUUOHHOM cnocobHocTH. Ho
nocTynar X5MMOHJAa YCTaHAaBIMBAET, YTO NIPH HU3MEPEHHH CKOPOCTH
HEMHHYEMO JOJKHA U3MEHHTBCA M CTPYKTYPa [1ePeXOHOI0 COCTOAHHS.
IIpobnemMa B Hacrosimiee BpeMs oOCTaeTcs HepelleHHOHW. B ocHoOBy
ypaBHeHHA ['amMeTa M nocrtymata X5MMOHAA 3aJI0KEH [MPOTHBOPEUH-
BBl cMBICH. MIMEIOmMACA OTPOMHBIH 3KCIIEPHMEHTANbHBIA MaTepual
ITO3BOJISIET YTBEPKIATh, YTO F'AaMMETOBCKUE I'PAGUKH Oedcmeumenbho
JIMHEHHBI, HEpeAKo B WHTEpBale H3MEHEHUs ckopocTeit B 10°-10°
pa3. IlpaBma, uHorna HaOMIONAIOTCS OTKJIOHEHWS OT JHHEHHOCTH, HO
OHH OOBIYHO OOBSCHSIIOTCA HEe M3MEHEHHEM CTPYKTYPBHI MEepPEeXOIHOro
COCTOSIHHS, 4 Pe3KOM CMEHOU MEXaHH3Ma PEaKIMH ISl ONpeReIeHHBIX
3aMecTHTeneil. B HEKOTOpHIX Clydasx HE COOIIOmaeTcs W IPUHIIHI
CelIeKTUBHOCTH. Tak, B peakiusx eKTPOHIHLHOr0 apoMaTHYIECKOTO
samewienus (1. 13) Br, B TpudTopykcycHoit kucmore B 106 pas
bosiee peaxnuoHHOcTocoOeH, 4eM Br, B yKCYCHOHM KHCIOTE, HO B
000X ciIydasx CeJleKTUBHOCTh MPAKTHYECKU OIMHAKOBA; HHOTAA Goiee
PeaKIHOHHOCIIOCOOHBIE CHCTEMbI UMEIOT 0ojee BBICOKHE 3HAYCHHUSA p,
4yeM MeHEe PEakIMOHHOCIOCOOHEIE.

C mpyroit CTOpPOHBI, BO MHOFHX PEAaKIHOHHEIX CEPHSX BIIHSHHE
3aMEeCTHTEeNeH TpyIHO OOBSICHUTL 03 NPUBNEUCHUS NPEACTABICHUH
00 M3MEHYHBOCTH TIEPEXOAHOTO COCTOSHHUA (HAIpUMep, B PEaKLMIX
oTuierieHus tuna £2; cM. pasa. 10.2, m. 10). B uemnoM TpyaHo HOHSTE,
[o4YeMy IEpPEXONHOE COCTOSIHHE, KOTOpOe M3MEHSETCS IPH OTHOCH-
TEIbHO HeDONBIIOM W3MECHEHHH PEearcHTOB (YTO BHIHO U3 H3MCHCHMA
BEIUYUHB! p), MOXET HE U3MEHHUTLCA MPH NMONOOHLIX X€ HebOoIBIIMX
HU3MEHEHUAX cyOcTpaTa (BBEIEHUE 3aMECTHTENS 7).

B03MOKHO, 9TO KOHCTAHTHI p ¥ 0 HE €CTh HE3aBHCHUMBbIC HapaMeTphbI,
KaK MpeAIroiaraeTcs, a CBA3aHbl MeXAy coOOH, NpHyeMm Iapamerp,
CBS3BIBAIOIIMK p U ¢, B-UX IPOU3BEICHUH Cokpalaercs. Hampumep,
€CITU 3JICKTPOHONOHOPHBIM 3aMecTUTENEL Z H3MEHSET HNEpPEXONHOoe COo-
CTOSIHHE IIYTEM YBEIHYCHHS OTPUIATEIBHOIO 3apana Ha PEaKHOHHOM
UEHTPE, TO 3TOMY 3aMECTUTENIO OyIeT TpyAHEE OTAABATE HIEKTPOHBI IIPH
YBETUYECHHOM OTPHUIIATESIHHOM 3apsijie, T. €. ero JOHOPHAs CoCOOHOCTD
MOJKET ITOHU3UTLCA. B TakoM ciTydae cTpyKTypy NEpEX0JHOIO COCTOSHH
MOMKHO OXapaKTepH30BaTh BEIHYHMHOH X,, IJI€ p OTPAXKAET IIABHbLIE
YePTH! [IEPEMEHHOTO TIEPEXOIHOTO COCTOSHHS, 4 X — €0 MOIH(PHUKALUIO
3amecturesnieM. C IpYyrodl CTOPOHBI, BOSMOXXHO, YTO MepOH OTKJIMKa
3aMECTUTENIS HA U3MEHEHHE IIePEeMEHHOT0 MEePEXOAHOr0 COCTOSHUS SB-
JISIETCSI BEJIMYMHA o /x. B IpOM3BeIeHNH X COKPALLACTCs, U B YPaBHEHHE
['aMMera BXOAUT JUIIb O p.
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3.5. KAPBAHHUOHBI U CH-KHCJIOTbI

Kap6aunoubl Hapsay ¢ kapOOKaTHOHaMH, CBODOJHBIMH pajuKaa-
MH, KapOeHaMH H HEKOTOPBIMH JPYTHMH YacTHUIIaMHK SBIISIOTCSH BaX-
HBIMH MHTEPMETHATAMH (IIPOMEXYTOYHO BOZHMKAIOIIMMH YaCTHLIAMH)
B OpraHuueckux peakuusx. KapOaBHOHB MOXHO ONPENENHTh Kak
OTPHIATENHHO 3aPSKEHHBIE YaCTUIbI, B KOTOPBIX 3apsi/i MIIH, 110 KpalHeH
Mepe, YacTh 3apsi/ia HaXOOWTcd Ha aToMe ymilepoga. | eHepupoBanue
KapOaHHOHOB MOXKHO OCYIIECTBHTH Pa3HBIMH cnoco0aMu, KOTOpbIe
OyIdyT OMMCAHB! B MOCIEAYIOUIMX IJIaBaX 3TOH KHWTH, OJIHAKO Haubonee
YacTo HCHOAbL3yeTCs Meron nemporoHuposanuss CH-xucnor, kotopoe
JIETKO OCYIIECTBUTH, eciii 06pasyromuiics KapOaHHOH ME30MEPHO WM
WHAYKTHBHO CTAa0MIIM3MPOBAH JIEKTPOOTPHULATENBEHBIM 3aMECTHTEIEM
Z, CBA3aHHBIM C OTPULATENLHO 3aPsHKEHHBIM aTOMOM YIIIEpPOAa:

ZCH+Be ZC +BH

bonenMHCTBO KapOaHHOHOB ABIAIOTCA OUeHb CHIIBHBIMU OCHOBaHH-
SIMU, U [O3TOMY HX HeJb3i MOIYYHTh B BBICOKOH KOHIEHTPAaLlMM H3
coorBeTcTBYOIMX CH-KHCIOT B BOIHBIX HIH CIHPTOBBIX PacTBOpax
wenoueir. [loaromy CH-xkucrommocme OOJIBHIMHCTBA OPraHHYECKHX
coennHeHHH (pK,) MOXHO H3MEPHUTh TOJLKO B CHJIBHO OCHOBHBIX
cpenax, Hanpumep B JJMCO no ¢yukuuu xucnornoctu H_ (pasmen
3.3.4). Janusle o kuciaorHoctd CH-kucnor B JIMCO npuBelneHbl B
Tabn. 3.15, B KOTOpYHO JUIS CpaBHEHHS BKIIIOYEHBI TAKKE HEKOTODHIE
OH™, NH™ u apyrue TUObl KHCIOT, @ TakXKe BEJIMYHMHBI CPOACTBA K
MPOTOHY KapOaHHOHOB B razosoit paze (cM. pasa. 3.3.5). Jnsa xapba-
HHOHOB, pK, xotopbix Gosbue, yem pK, (JIMCOQO) = 35,1, ucrunssie
3HayeHus pK, MOTYT CHJIBHO OTIHYAThCA OT MPHBEACHHBIX B TabmuIe
OpHEHTHUPOBOTHEIX 3HAYeHH. 11 Takux KapOAHHOHOB BETHYHHBI pK,
OLICHHBAIOTCA O KMHETHYeCKOH CH-KHCIOTHOCTH, T. €. IO CKOPOCTAM
oTpseiBa nporoHa ot CH-kucIor, KOTODHIE CBA3AHB! C BENHIHHAMHU pK,
COOTHOIIeHHeM bpencrena.

3.5.1. KHHETHYECKAs KNCJIOTHOCTDb

BaxkHoit ocobeHHOCTRIO OonbmuHCcTBa CH-KHCITOT sABIAETCS OTHO-
CHTEIIbHO HM3Kasi CKOPOCTh OTPhIBA OT HUX NPOTOHa. B oTiiiume oT 3TOro
IIEPEHOC [IPOTOHA MEKIY EKTPOOTPHLATENbHBIMU diteMeHTaMH (O, N)
HOPOHCXONHUT ObICTPO. Tak, CKOPOCTH MepeHoca NpoToHa Mexay H;O" u
OH~ paBna 1,4-10'! ;1 /MOJIB-C, UTO SABJIAETCS OJHOM H3 CAMBIX BHICOKHX
KOHCTaHT CKODOCTH OHMOJIEKYISPHBIX peakuuil B Bome. lIpoTonusanus
O- u N-ocHoBanwuil mox neiicteueM H3O" wiam OoTIEmUIeHHe NMPOTOHA
or apyrux OH- u NH-kucnor nox neiicteuem OH™ npoucxoaur Ha
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Tabnauna 3.15

Kuciaornocrs CH-ceszeit B IMCO u razoBoit daze
(moaUepKHYTbI Haubo./1ee KKC/Ible NPOTOHbI)

pKa, 17T (raz)?,
Kucnora B L[MaCO KKaJI/MOJNTE
Jlnuuaudenunmerau CsHsCH(CN>) 42 —
beunsoiinas xucnora (—OH) CsHsCOOH 11,4 339
JunuanMerad (ManOHUTPUN) CH,(CN), 11,1 336
1,1-Aunuanusran CH3CH(CN), 12,4 -
Huanuctoiit BOAOpOR HCN 12,9 353
XNOpHCTBIA BOXOPOA HCl 13,0 333
AleTHIALETOH (CH3CO):CH, 13,3 344
mpem-Hounadropbyranon(—OH) (CF3);COH 13,8 —
Ceposonopon (—SH) H,S 14,7 352
_CHa— 502\
1,3-IuTHaHTETPOKCU L OZS\ /CH2 15,5 —
CH,—CH;
Jumerunmanonar (CH,(COOCH;), 15,7 348
Hurtposran CH3CH,NO, 16,7 357
Hurpomeran CH3;NO; 17,2 358
IluxnoneHtaauen 18,0 356
CH,
®eunon (—OH) CHsHsOH 18,2 351
dropuUCTHE BOXOPOR HF 19,3 371
Aueranunua (—NH) CsHsNHCOCH; 19,3 -
HWupen 20,1 —
CH,
napa-Hutporonyon NO, -@—CH3 20,5 353
Tuomouesuna (—NH) NH,CSNH; 21,1 —
DeHUNANETOHRUTPHI CsHsCH,CN 21,9 352
$nyopen O'O 22,6 353
cH,
TpHC-(DPEeHUNTHO)METAH (CsHsS);:CH 22,5 —
Tpudroparanon (—OH) CF3CH,0H 24,0 261
Orundenunnxkeron CsHsCOCHCH,; 24.4 —
AuerodeHoH C¢HsCOCH, 2477 363

2 CM. Taxke Tabs. 3.5.
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Tabnuua 3.15. Ipodorxcenue
Kucora o IMEO | ameont

Aneramun (—NH) CH;CONH; 25,5 —
I{uxnorekcanon <:> =0 26,4 —

CH,
Aueton CH3;COCH; 26,5 369
Mouesuna (—NH) NH;CONH; 26,9 -
PDednaneTUIeH CgHsC=CH 28,7 —
MertungpeHuncynbpos Ce¢HsSO,CH3 29,0 —
Meranon (—OH) CH;0H 29,0 379
Oradon (—OH) CH;CH,0H 29,7 376
Buc-(aupennndocduro)meran [(C¢Hs)P].CH, 29,9 —
JTHianerar CH,COOC:H;5 ~ 30-31 371
Tpudenunmeran (Ce¢Hs);CH 30,6 —
buc-(penunTno)MeTaH (CsHsS).CH, 30,8 —
Stundenuncynspor CsHsSO,CHCH3 31,0 —_

S
1,3-lutuan OC[;{z 31,1 —

S
Jumeruncynsdon CH;3S0,CH; 31,1 366
AUETOHUTPHI CH3CN 31,3 373
Boga (—OH) H,O 31,4 391
Judenunmeran (CsHs).CH, 32,1 364
mpem-Byranon (—OH) (CH3);COH 32,2 373
Jumetuncynsdokcui CH3SOCH3 35,1 375
Bonopox H, ~ 36 401
Ammuax (—NH) NH; ~ 41 400
Tonyon Ce¢HsCH, ~42 379
Ilponen CH,=CH—CH3 ~43 291
TTuppomuaun (—NH) [j ~44 —

p

Benzon CgHg ~ 45 397
Merundenuncyasdun CsHsSCH, ~ 49 —
Mertau CH4 ~ 55 417
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MOPAIOK BeIMYMHEI MeaieHHee, yeM peakuns H3;O" ¢ OH™. [Ipumeps
npuBeneHs! B Tabn. 3.16.

Ussectno, uto Honbl H3O" u OH™ B BOAHOM pacTBOPE CHJIBHO
COJIbBATUPOBAHBI U MEPEHOC MIPOTOHA IMPOUCXOAUT 0e3 Ipe/BapuTellb-
HOIO yJaJIeHHSt COALBAaTHOH OOONOUKH MO OCOOOMY MEXaHu3My, B
KOTOPOM MpPOTOH CMEMIAETCHA IO I[ENOYKe MOJEKYN BOABI, CBS3aHHBIX
BOIOPOOHBIMH CBS3IMHU (mexaruszm I pommeyca):

n—ﬁ?ln... ?—n)-f%ng% H—?---(H—? £+ H—OH
H H h H H/n

Ileperoc npoTOHA MPOUCXOAMT MPU OTHOCUTENHLHO GOJIBLIOM paccTos-
Hun Mexay H;O 1 OH™. On nomkeH GBITh OBICTPHIM, TakK KaK MOHAM
H30" u OH™ He Hano TpaTUTh BpeMs Ha cOmmkenue apyr ¢ apyrom. Ho
peakuus H;0" + OH™ B Bose — 310 0coOBI ciydail. B GonpmuHCcTBE
JPYTHX PacTBOpHUTENEH B3aHMOAEHCTBHE JJOHOPA M aKIeNnTopa IPOTOHA
[IPOMCXOAMT MpPH WX TECHOM KoHTakre. Torma BakHBIM (akTopoMm
CTAaHOBUTCS CIIOCOOHOCTE JIOHOPA M aKUerTopa NPoToHa 00pa3oBhIBAThH
MeXIy coboif BogopomHylo cBia3b (cM. pasg. 3.3.3). Eme mo Hauana
MepeHoCca NIPOTOHA JOHOP U aKUENTOpP JOIKHEI 00pa30BaTh KOMIUIEKC C
BOJIOPOAHO# CBS3BI0, B KOTOPOM OHH OPHEHTHPOBAHbI HYKHBIM 00pa3oMm.
YeM culbHEC BONOPOAHAS CBS3b, TeM Kopouye OYAyT paccTOAHHUS, HA
KOTOpOe AOJDKeH CMeInaThesl IPOTOH, M TeM Hmxke Oyxer Oapeep
peakiun. 3TOT 3hQEeKT HagYMHAeT NPOABIATHECH Y)Ke B peakiusx Ne7
1 8 u3 tabm. 3.16, B koTOpBIX 06pa3yrorcs BogopoaHkle cBa3u S...H—S
unu O—H...P. Takue cBasu cmabee BONOPOAHEBIX cBsized Mexnay O u
N, ¥ IO3TOMY CKOPOCTH IlepeHOCa NPOTOHA MEHBIIE, YeM A peaKlIui
Ne 1-6. B cnyyae CH-kucnort (peakuus Ne 9) u C-ocHoBannii (peakys
Ne 10) ckopocTH mepeHoca MPOTOHa CHABHO ITOHHXKCHBI.

HHorna cuiabHOE BOMOPOMHOE CBA3LIBAHME, HA0OOPOT, 3aMeaigeT
MepEHOC MPOTOHA. DTO HAOMIOMAETCS, KOI/IA OTIICIUISIETCS IPOTOH, SIBIA-
FOIIUIACH YaCThIO BHYTPHMOJIEKYIAPHOH BOAOPOXHON CBSI3M, HAIIPHMED
B aHMOHE CATHIMIIOBOH KHCIOTHL:

gﬁcf #
Hu, . A
- I(I) e 50_,' \‘9 e 06
o\ AN coo® ®
0 4+ . O —— + BH

Ilepenoc npoToHa OT (PEHOJIHHOrO THAPOKCHIIA 3TOTO COSANHEHHUs MIET
B 10° pas mennennee, ueM OT caMoro peHoJIa, OCKONBKY B IEPEXOTHOM
COCTOSHHUH TIPOTOH CBfA3aH C JBYMsS aTOMaMM KHCJIOpOZJa H arOMOM
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Tabnuua 3.16
CKOpOCTH NepeHoca NpoToHa B BOAHOM pacrBope npu 25°C

Ne K
wn | Peakuns (n/Moub - €)
1 | H;O0'+OH™ - 2H,0 1,4- 101
2 | H;O0"+CH3CO0O™ — H;0+CH;COOH 45.10%
3 | H3O"+NH; — H,O +NH; 43.10'
4 | OH™ +4NO,C¢H4OH — H»0 +4NO,C¢H40® 3,6-10'
5 | OH™ +NH} — H,O+NH; 3,4-10"
6 | CH;CH,COOH +CH3COO~ — CH3;CH,COO® + CH3;COOH 2,9-10°
<]
7 | HOCH,;CH,SH +SCH;COO® — HOCH,CH,8° + HSCH,COO® 1,5-107
23]
8 | CH.CIPO3H +Cg¢HsP(CH3); — CH;CIPO}® + C¢HsPH(CHs), 1,2-107
CH3NO, +OH™ — CH,NOP +H,0 2,8-10'
D
10 | Hy0® +(CH;3);C=CHOH — H,0+ (CH3),CH—CHOH 59-107!

B u noaroMy pBymiasca ¥ o0pasyiomascs CBS3H HE KOJIMHEapHEI,
yT0 OBUIO OBl ONTHMAJIBHBIM JUIS TEPEeHOCa MPOTOHA. JHEPrus TaKoro
HEPEXONHOr0 COCTOSHHA OyheT BhlIe, YeM B OTCYTCTBHE BHYTPHMO-
JIEKYNSAPHON BOIOPOMHOHN CBS3H, H, CIEAOBATENBHO, CKOPOCTh PEAKIIHH
Oyner MeHsbIIe.

[TlepeHoc mpoOTOHA MOXKET 3aMEATHTBCS M BCJEINCTBHE MPOCTPaH-
cTBeHHBIX (akropoB. Hanpumep, 2,6-au-mpem-oytunmupuun (1) pe-
arupyer m ¢ H3O' B 100 pa3 MejieHHee, 4eM He3aMeUIEHHBIH
mupaaH. OcoDeHBO MEIUICHHO OTIIEIUIEHWE IIPOTOHA TNPOHCXOTUT
B TOM CIIy4ae, KOIZa HWMEIOTCH W IPOCTPAHCTBEHHBIC 3aTpyJHE-
H¥Sl, U BHYTPHMOJIEKYISipDHAs BOJNOpomHas cBs3b. IIpumepamu ssis-
orca  1,8-6uc-(numerunamuno)-nadramun (II) u ocobeuno ero 2,7-
JuMeTokcunponsponnoe (1)

(cHa)N  NlcHy), (CH3),N  N(CHy),

HC30 OCH

» ©® oo™
S, QO QO
I I o

Ob6wemucteie rpynmnsl (CHj ), N BEITATKUBAIOT OPYT APyra U3 IDIOCKOCTH
Ha(TAITHHOBOH apoOMaTHYeCKOH CHCTEMB], M MOIy4aeTcs KOH(popMarus,
B KOTOPO#l HENOAEIICHHBEIE Napbl aTOMOB a30Ta HAIPABIEHB! [IOYTH
HaBCTpEYy APYT APYry. B pesynsraTe BOZHHKAET 3IEKTPOCTATUUECKOE
OTTalIKMBAHWE M HaNpsDKEHHE B OCTANBbHON yacTH Mosekyasl Orrait-
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KHBAHUE€ MU HAMNpsHKCHHE B 3HAYUTCIBHOM CTCHCHH CHHUMAKOTCA NPHU
IIPOTOHU3AIUH MOJICKYJbI:

«—NJNOCKOCTH
A—— H3(TaNWHoBOr 0

O Konblia
CH,4

Benencraue aroro npousBopssle 1,8-(numernnaMuno)HadTaIMBa Aena-
FOTCSl OY€Hb CUIILHBIMH OCHOBaHMAMH. Hanpumep, mia coenunenus I B
Boze pK, = 16,3 (¢p. ¢ pK, npyrux amunoB B Tab1. 3.3). Ynanute IpoToH
U3 COMpPSHKEHHBIX UM KHCJIOT Ype3BbluaiiHo TpyAHo. Ilo 310l npuunHe
1,8-buc-(muMeTniraMUHO)HATAIHMH TONYYHI Ha3BAHHUE «ITPOTOHOBAS
ryOkay». Eie MeuleHHee NMPOHCXOAUT OTINEIUIEHHE NMPOTOHAa OT IH-
POTOHHPOBAHHOM N3HYTPH Mojekyisl [1.1.1]-kpunranna (IV): nepserit
npoToH oTimemtserca noroM OH™ co cxopoctsio 1,4-1078 j1/(Moss-c),
a BTOpOH INPOTOH OT MOHOKAartHoHa V BooOule Henb3s y#aiuTh 6e3
pa3pyYIIEHHS CKEIEeTa MOJEKYITbL.

Ecnu xe HeT mogoOHBIX MPOCTPAHCTBEHHBIX 3(eKToB UIH BHYT-
PHUMOJICKYJISIDHBIX BOJIOPOJHBIX CBSi3¢H, TO HEPEHOC IPOTOHA MEX-
Iy 3IeKTPOOTPHULIATENIEHBIME dTOMaMH HpPOMCXONUT ObIcTpo. BakHas
ocobenHOCTs CH-KHCIOT COCTOMT B TOM, 4YTO HEPEHOC IIPOTOHA OT
aToMa ymIeposia, KaK MpPaBHIO, OCYIIECTBIAETCA MENICHHO AaXe B
OTCYTCTBHME HpPOCTPaHCTBEHHBIX 3arpyaueHuii, Tak kak CH-xuciaoTs
HCKIIIOYUTENHHO TUIOXHE JOHOPH! BONOPOaHO# cBA3n (paszd. 3.3.3). Oro
HJUTIOCTPHPYIOT JIBE IIOCIENHNE peakuny B Tadm. 3.16.

[Tockoneky CH-KMCIOTBI MEMJIEHHO OTHAIOT IIPOTOH, X HHOrAa
Ha3BIBAIOT «MCE6OOKUCAOMAMU», B OTIHYHE OT «HOpManbHbIx» CH-u
NH-kucnor. TepMuu «nceBnokucioray npeanoxun Ianu (1899 rn),
BIIEPBBIC HCCIAEIOBABLIMIA JieificTBHE MIenodell Ha HUTpOMeTaH (peaxiys
Ne9 B Tabn. 3.16).

Hecnocobuoctes CH-xucnor (u C-ocHOBaHUiT) 00pa30BLIBATh CHIIb-
Hbl€ BOAOPOIHBIE CBSA3M —3TO JHMINh OfHA M3 NPHYMH 3aMENJICHHA
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MepeHoca NPoToHa. BTopas npuynHa CBA3aHa C TeM, YTO IIPH HOHH3AIHHI
BonpnmmacTBa CH-KUCIOT NPOUCXOOUT 3HAUUTEIIBHAS IIEPEeCTPOHKa HX
Monekya. Ca3p C—H npuHNUTHAIbHO HE KHCIIast, U OTHOCUTEIBHO
cunbbie CH-KHUCIOTE CBOMMH KHCIOTHBIMH CBOHCTBaMM BO MHOTOM
00s13aHEl HAJAMYHIO B HX MOJEKyJaX ONpE/ElIeHHBIX (PYHKIHMOHATBHBIX
TPy, KOTOpbie CHOCOOHBI TEM WIIH HHBIM CIIOCOOOM NpHMHHMAThH Ha
ce0s1 2MEeKTPOHHYIO ITapy, OCTAIOINYIOCS Ha aTOME YIJIepoAa Ioce yXxona
rpoToHa. Takasi IeJoKaIn3ausa U3MEHAST JUIMHBI CBSI3eH H YIIIBI MEXIY
CBA3AMH M TpeOyeT 3aTpaThl AONONHHUTENHHOM SHEPTHH, 9TO MOHKXKAET
CKOPOCTE OTLIEIJIEHHS IPOTOHA.

TpeTps npUdIHHA CBsA3aHa C NePeCTPOHKOH (peopranu3sanyeii) okpy-
xaromero pacreopurend. Jlrobas MOHHas peaknus B IOJSIPHOHR cpene
COIIPOBOXKIAETCS ABHXXCHHUEM MOJIEKY PACTBOPUTEIIS B HOBBIE [TOJIOXKE-
HHUA, KOTOpBIE JUKTYIOTCS HepepaclipeneiaeHueM 3apsna. Yem Oonbline
JIBIDKEHHE 3apsna, TeMm OOJIbIIe [MepecTpOoiKa PaCTBOPHTEINA H CBA3aH-
HBIE C 3TUM SHepreTHYeckue 3arparhl. II0CKOIBKY OTpPHIB NPOTOHZ OT
CH-KuCIIOT CONPOBMKAAETCH CHIBHBIM CMEIICHHEM 3apsaia K QyHKIH-
OHAJILHOM IPYIIe, IEPECTPOiiKa pacTBOPHTEINA Oy/IeT CYIIECTBEHHOM.

B Tex cnmyuasx, korna uwonusanusa CH-kHCIOT HE COIPOBOXKAAETCS
JleNoKanu3auMen 3apsaa, MepeHoc MpoToHa He 3aMeIseTCs U 3TH CO-
eIMHEeHus BeyT ceOs KaK « HOpMaabHbie» KHUCIOTHL IIpu3epoM aBisercs
GbeHWIALIeTHITICH

CeHsC=C—H + B CeHC=C%® + HB .

B xap6anuone CgHsC=C® sp-rubpuanas opOuTans, HECyNIas OTpHULA-
TEIBHBIA 3apsAH, OPTOTOHATIBHA T-OpOUTAIISIM TPORHOM CBA3H H TIO3TOMY
IeloKaNu3auyy 3apsna Ha w-cucreMe ObITh He Moxer. C papyroit
CTOpOHBI, B aHHOHE AWIHaHMeTaHa (MaJOHOHHUTPWIIA) NEeIIOKaIH3aIus
BO3MOXXHA:

c=h

C=N

HO 3TO COCHHEHYE [T0 HEACHOM NpUUuHe BeeT cebs Kak «HopManbHas»
kucinora. lIpuBeieHHBIE MPUMEDDI ABIAIOTCS UCKITIOYEHUSAMY, a [IPaBHIIO
coCTOUT B ToM, 4To CH-KHCHOTH! NpOSABISIOT cebsl Kak «IICEeBIOKHCIO-
TBI», T. €. OTJAIOT IPOTOH OCHOBaHUAM C MEIJIEHHOH CKOPOCTHIO.
ITockonbky nepeHoc npotoHa oT CH-KUCIOT K OCHOBaHUSAM SBISETCH
MEJUICHHBIM IIPOLIECCOM, €70 CKOPOCTD JIEFKO MOXHO H3MEPHTD O0LIYHbI-
MM HECJIONKHBIMY KMHETHYECKUMU MeTonaMH. Jins 9TO! [elld uCmonb3y-
0T PEAKIUHUIO U30Montozo obmena 6000poda O AeHCTBHEM OCHOBAHHHA
B MPOTOHHBIX pacTBOpHUTeNsx. OORYHO B KauecTBe OCHOBaHUs GepyTr

295



COfb, COAEPXKAINYIO JIMaTHBIH HOH (@HHOH, COMpPSKEHHBIH pPacTBOPH-
Temo). O6MEeH MOXHO NpOBOAMTE MM ¢ MeueHoit CH-kucioroil B
HEMEUEHOM («IETKOM») pacTBOpHUTeElle, HIH ¢ HeMedeHoi CH-kuciaoToi
B MEYEHOM pacTBODHTEJIE:

R—D (umu T)+NHP = RO+ NH,D
NH; (xBnx) ‘
LNd; . R—H-NHS,

R—H+0D® = RO+ HOD
l__PLO_._» RD40D®,
Hcnons3ys npHHIAN cTaliMOHApHOCTH (pasn. 3.3.6.a), 1ns peaxiuu

CH-xucnotel RD ¢ ocuoBamneM B~ B pacreoputene HB, moxHO
3aIrucaTh:

RD+B@k R® .. DB——)RB ..HB — RH+B®,

-1

kiky
k_y+k[HB]
Ecnu k7 > k_, a HB — mMonekysa pacTBOpHTEIA, TO

ckopocTh >~ ki [RD][B™].

CKOPOCTBb = [RD][B7].

Torna mabmromaeMmas CKOpOCTh OOMeHa AeHTepHs Ha JETKHil BOMIO-
pon HpubIIKEHHO paBHA CKOPOCTH cTanud noHm3anud CH-KHCIOTHL:
kuassn = k1. UncneHHOe 3HaUeHHE Jlorapugma KOHCTAHTHI CKOPOCTH k;
Ha3BIBACTCS KUHEMUYECKOU KUCAomHocmbio coenuenns. COOTHOILLEHUE
MEXIY KHHETHYECKOW M PaBHOBECHOH (TEpMOAMHAMHYECKOH) KUCIOT-
HOCTBLIO yCTaHaBlIuBaeTcs ypaBHeHueM bpenctena (pasn 3.3.7):

lg k1 = —a pK, + const.

B »TOoM ypaBHeHHH lgk; — KHHeTHUYeCKasgs KUCIOTHOCTE CH-KHUCHIOTEHL,
a pK, — paBHOBecHas KHCIOTHOCTH, UeM Gonbiie BenwuwHa lgk|, TeM
CH-xucnora cujibHee, a COIPSDKEHHBIN eif kapOaHHOH Gosiee cTabuiIeH.
Yem Gonblue BeluunHa pK,, TeM MeHblle crabunbHocTh CH-KUCIOTHI,
T. €. COIPSKEHHBIN eil kKapDaHHOH MeHee cTabuIIeH.

3.5.2. KHHETUUYECKHUHA U30TOINHLINA YOOEKT

Ecim k. > ky, 10 kysen =~ Kky, tne K = ky/k_;, 1T.e. cko-
pocTh 06MeHa BOAOPOA ONpeaeseTcs He TOMBKO CTaauel HOHU3ALMH
CH-xucnotsl. Torma HabGirogaeMas KOHCTAHTA CKOpOCTH He Oyner mpa-
BUJILHO OTPaXaTh KWHETHYECKYIO KHCIIOTHOCTS U ee JiorapudM He byier
OPONOPLUOHAIEH BenHuHHe PK, KUCIIOTHL, B3ITOH ¢ 0OpaTHBIM 3HAKOM.
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OTNHYUTH PEAKIMIO, CKOPOCTH KOTOPOH ONIpElNeNseTcs TUIb CTalu-
€l HOHM3aMHU K, OT peakl[iy, CKOPOCTh KOTOPOH IpOnopuuoHanbHa
Kk,, nosonpHO 1erxo. /1 37010 HYXKHO CPaBHHTB CKOpPOCTH 00pa3oBa-
HUA KapOaHHOHA TIPH MOHM3AIMU HeMeueHol u Meuenod CH-kucioTs
B OJHHX U TEX e YCIOBHAX:

R—H+B9<=R™ 4 HB

—*2__y niponykT o6MeHa,

R—D+B~=R~+ DB
——————» IIPOAYKT OOMEHA.

Hepexonﬂoe COCTOSIHHME CTaAUH UMECT BHUA
[R®"...H...B*}/

HIIH
[R%~...D...B*)".

CTapTOBbIM COCTOSAHHMECM CTaAHHU k] ABIACTCA KOMILICKC, B KOTOpOM CH-
KHCJIOTa CBA3dHA C OCHOBAHHMECM BOIIOpOJIHOIjI CBA3BIO:

R—H...B®

585041
R-D...B°.

Ipu nepexone OT 3THX KOMIUIEKCOB K IIEPEXOIHBIM COCTOSHHAM IIPOHC-
xonut 6ojlee UM MEHEe 3HAYHTENIbHOE CMEIIEHHEe NPOTOHA (IeHTpoHa)
or R x B. Ilporuii no macce B aBa pasza Jjierye AelTepus, I103TOMY
H* nepememaercs nerue, yeM D' (u 3HauurensHo ierde, wem T7).
VisMepsst CKOPOCTH JBYX HAITMCAHHBIX BBINIE PEAKIIHN, HAXOAT BEJIUYU-
Hy OTHOMEHHs ky /kp, KOTOpas HA3bIBACTCS NEPEUYHBIM KUHEMUUECKUM
usomonnvim 3¢ppexmom (KUD).

Ecnu kyaen =~ k1, TO BennuuHa kyy/kp J0IDKHA 3HAYMTENHHO TIpe-
BBINIATh €IMHUIlY. EciM OmBIT mokaswBaeT, 4To ky/kp ~ 1, To 3T0
YKa3bIBAET HA TO, YTO Kyagn 7 K1, T. €. U3MEPAEMasi CKOPOCTh HE OTPaXKaeT
KMHETHYECKYIO KHCIOTHOCTh coenuHenus. [Ipu oObMHOR TeMeparype
st muorux CH-kucnor BenwumHa ky/kp NeXuT B mpemenax 7-8
(ky/kr = 17-20), Ho wmHorna ky/kp = 10-12 (ky/kr = 28-30). Ha-
npuMep, A4 TOJNIYOJIa B CUCTEME UHKIOTeKCHIIAMHH (PacTBOPHTENH) —
UMKJIOreKcHiIaMul (OCHOBaHHe) BennuuHa ky/kp > 10. Takas Gonbias
BenmuurHa KHM3D o3Hagaer, 4TO B TEPEXOJHOM COCTOSHHU CTEHEHb
paspoiBa CH-cBsi3d o4deHb BejlHKa, T. €. JUMUTHPYIOIIeH cTagued nei-
CTBHMTENBHO ABISETCA OTPBIB IPOTOHA U, CJIEIOBATEIBHO, HabIonaeMuie
CKOpOCTH 0OMEHAa MOKHO HCIIONB30BATh B KAYE€CTBE MEPHI KHHETHICCKOH
KHCJIOTHOCTH TONYOJNa.
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3.5.3. OTHOCHTEBIBHAH CTABUWJIBHOCTH KAPBAHHOHOB
3.5.3.a. IIPOCTPAHCTBEHHOE CTPOEHUE KAPBAHHOHOB

Hns mpoCThIX anKHIBHBIX Kapbanuonos, Hampumep CH;, MoxHO

NIPEATIONOKHUTE TUPAMHAANBHYIO Sp°-TUOPHAN3OBAHHYIO MIIH IIOCKYIO
sp*-THOPUAN30BAHHYIO KOH(MUIYPAIIHH:

/9\ H\/g\
H-2 H
H” M H

nupamuaansHas naocKan

B nepBoMm ciyuae opOuTaNh, HECYIIasi OTPHUATEIBHBIA 3aps/l, SBAIET-
csi sp3-rubpunmoii opOUTANbIO, 2 BO BTOPOM — YHCTOH p-OpOHTAIBIO.
DJEKTPOHHOM MNape BHITOJHEE HAXOMUTBCA Ha sp°-OpOMTATM, ueM
Ha p-opOHTANH, TMOCKONBKY sp’-opOuTams MMeeT Ha 25% XapakTep
s-opburanu, a s-opoutans OmMKe K AApY B HMeeT 6oiee HU3KYIO DHEp-
ruio, yeMm p-opburtans (r1. 1). Ilo 3Toi NpuYHHE IPOCTHIE AJKHIBHEBIC
KapOaHHOHBI UMEIOT MHPaMHUAANbHY0 KoHGHIypalio. Jlpyras npuduna
IIPEIOYTHTENEHOCTH TUPAMUIAIBHOM KOH(Urypallid COCTOUT B TOM,
YTO B HeH pDenyIbCHBHOE B3aHMOJEWCTBHE (OTTAIKHUBAHHE) MEXIY
HENOAENEHHON Napoll M TpeMs 3JIeKTPOHHBIMH mapaMu cBszeii C—H
3HaYHTEIILHO MEHbIIIE, YEM B TUIOCKOH KOH(UIyparuu.

[log BnusAHMEM TelUla NHpaMHJANbHBIE AJKWIBHBIE AHUOHBI BCE
BpeMs HAaxXOOATCA B IPOIECCE uHBepCcuu THPaAMUAAIBHOU CTPYKTY-
pbl. Paccumrannsit 6apeep muBepcuu mis CH; cocraBnser oxono
5 Kkan/mMons:

’R _;%, —_— ‘X (6apyep ~ Skkan/Mons)

NAOCKOE nepexofHce
COCTOSRHMe

IIpu noHWXKEHHM TEMIIEPATYPHl CKOPOCTh UHBEPCHH MHPAMUIBl YMEHB-
maetcs. HarmpuMmep, B peakiiiy ONTHYECKH aKTHBHOIO 2-OKTHJUIUTHUSA C
CO; npu —70°C obpasyercsa cMech KapOOHOBBIX KUCIOT ¢ CYMMApHEIM
coxpaHeHueM koHGpurypanuu Ha 20% (T.e. 60% MOIEKyn pearupyoT
¢ coxpaHenueM, a 40% — c obpameHneM KOHGUTYpalUMK), OTHAKO IIPH
0°C nmpomyKT IONHOCTBIO PAaNEMH30BaH. JTO COITIACyeTCs CO CXEMOH
peaknuy, B KOTOpOoHl xosarenmnoe (cM. r1. 19) nurtuiiopraHudeckoe
COEMHEHNE IHCCOLMHPYET N0 KapOaHHOHOB, KOTODHIE BCIEICTBHE
OBICTPOIl MHBEPCUH IIEPEXOIAT B PABHOBECHYIO CMECh JIBYX 3HAHTHO-
MEpPHBIX THpaMUaI6HbIX CTpyKTYp. [Ipu —70°C araka Monekymnoit CO;
MPOMCXOAUT €Ile JO IIOJHOTO YCTaHOBIEHHs paBHoBecusd, a mpu 0°C
PaBHOBECHE YCIIEBAET YCTAHOBUTHCS NEPEN aTAKOM:
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H CH
Cghy 3 1.€0, 1.C0,
2.H;0* 2.H30"
COOH
CeH
l HOX o CHy
~
7~
7
H” CH
(_\5H13 3 COOH
3HaHTMOMepr

2-0KTaHKap6oHoRO#
(2-MeTWAOKTaHOBOWJKUCAOTbI

CxopocTh HHBEPCUM MUPaMUIAIBHON KOH(HUTYpaliH CHIIBHO 3aBH-
CHUT OT CTPYKTYphl kapOaHuoHa. Eciy xapOaHHOHHBIH LEHTD BXORMT
B COCTaBR TPEXWIEHHOTO IMKIa, TO Oapbep HWHBEPCUHM 3HAYUTEIBHO
MoBBIIaeTcsa. B Monekyie MUKIONporaHa MMEeTCs 3HAYMTENbHOE Ha-
OpsOKCHHAE, TaK KaK YIIBI MEXAy cBA3saMu paHsl 60° smecto 109,5° B
HOPMaJILHOM TeTpasnpe. B xoae mporiecca HHBEPCHH HAaNpsHKEHUE eile
Ooslee yBeNHUYHBAETCS, IIOCKOJIBKY B IUIOCKOH reOMeTpHH KapbaHHOHA
YTOJI MEXKY CBA3SIMH KOJbLa JODKEH Bo3pacTH g0 120°, a oH ocraercs
paBueIM 60°. BenenctBue 31010 Yic-2-METHIMKIONPOIMIITUTHH TIpH
neiicreun CO; JlaeT UCKIIOYUTENBHO (T. €. CTepeocleupHdHo) yuc-2-
METHIILHKIONPOIIaHKAPpOOHOBYIO KUCIIOTY:

CH, CHy CHs
L Li nenran M 1)C0, N H COOH
Ipup 2)H;0*
CHy
H H

pray

Hzotonnelil 06MeH Bogopoaa B 1-1tmano-2,2- 1 eHMIHKIONPOHaHe
II0 DTOH K€ ITPHYUHE [IPOTEKAET C COXpAaHEHHEM KOH(QHIypaliH:

Ph

Ph
Ph C=N =) Ph —
H CH.0 H (=N Ph -
y 3 A CHy0D c=N
H H

TaxuMm 00pa3oM, MOXKHO CHeNaTh BBIBOJ, YTO IS ANKHJIBHBIX Kap-
0aHMOHOB XapaKTepHa MIpaMHUAanbHas KOHGUrypanus. B cBa3u ¢ a1uM
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ciIeayeT OTMETHTD, YTO KapOaHHOHBI U3031eKMPOHHbI AMUHAM, &, KaK U3-
BECTHO, AMHHBI CYIIECTBYIOT B BH€ OBICTPO B3aHMOIIPEBPAILAOIIHXCS
IpyT B Apyra IIMpaMUIANbEHBIX GOpM:

R‘l\ /R‘l
IND = N

Rz’/ \\Rz
R Rs
3 {M30aneK TpoHeH o

kapbaruoHy R R,R:C:)

Curyanus pe3ko MeHAETCA, Korja KapOaHHOHHEBIH LIEHTP HE BKIIO-
YeH B TPEXWIEHHBIH IMKI H, KpOME TOro, IT0 COCEACTBY C Kap-
0aHMOHHBIM IIEHTPOM HMEETCS 7-aKIeNnTOpHBIA 3aMecTHTens: COR,
NO;, CN u T a. Taxk, B OTIHYHE OT HPHUBENCHHOIO BHINE 1-ITUaHO-
2,2-nueHNIIMKIIONPONaHa, U30TOMHbIN OOMEH HUTpHIa 2-MeTHI-3-
GEeHWIIPONTHOHOBOH KHCIIOTHI MPOMCXOAHUT C HOJHOH paleMH3alMeH:

fHa CH,
I
C,H,CH,—*C—C=N °_, C,H,CH,—C—CN<:2_,
[l{ 6
ONTHYEeCKH aKTHBHHA
CH,

l
- C,H,CH,—CD—CN.

pauemar

B srom ciydae mepekpeiBaHue m-opburaned rpynmnsl —C=N c opbu-
TalblO, HECYHIEH OTPHUATENBHBIH 3apsl, MAKCHMAaNbHO IPOSBIACTCI
MMEHHO B IIOCKOH sp’-rubpuam3oBaHHON (opMe KapOaHHOHA M IIO-
3TOMY MJIOCKasl axupalibHas ¢opma Ooree BHITOAHA:

R
CsHsCHz\ @ O @ ANOCKAR

axypanoHasa
Sc—C—N  Fomea

w0 0

DOHOp aKuentop

KapbaHHOHBI, cTaOUIH3HPOBAHHBIE CONPSDKEHHUEM € APYTMMU JMIEK-
TPOHOAKUENTOPHBEIMKM TPYIIAaMH, PEArHpyrT aHAJOTHYHO ¢ IOTepeH
XHPaJIbHOCTH.

3.5.3.6. BJIUAHUE s-XAPAKTEPA

IMupamunansHas koHGUIrypanusl anKAIbHBIX KapOaHHOHOB 00yCIIOB-
JIeHa TEeM, YTO HEMOMENICHHAs [1apa 3JIEKTPOHOB HMeeT 0osiee HUBKYIO
SHEPTHIO, €CJIH OHA HAXOMUTCA Ha OpOHTANIH ¢ DONBIIMM S-XapaKTepOM.
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JTO CBA3AHO € TeM, 4TO p-opbuTass BOMH3H spa OTCYTCTBYET (Apo Ha-
XOJHTCH B Y3JIOBOH IJIOCKOCTH) H IO3TOMY 3aHMMAIONIHE €€ JIEKTPOHBI
FOpa3fi0 Xy)Ke OPUTATHBAIOTCA K ANpY, Y€M DAEKTPOHBI, HaXOMAAIIHeECs
Ha chepuUecKy CHMMETPHYHOH S-OpOHTAIM. YBEIHYEHHE s-XapakTepa
TIPUBOAMT K W3MeHEeHHI0 GopMsl opOutany, npubarmkas ee K YHCTOH

s-opOuTanu:
s-xgpaxTep, %

o

NANOXEHUE
Adpa

B moJHOM COOTBETCTBHH ¢ TaKUMH IpPENCTaBICHUSAMH HaXOIHTCS
TOT (axT, YTO CTAOMIHLHOCTH KApOAHHOHOB BO3PACTAET ITPH YBETHUEHHH
s-xapakrepa opOuTany, Hecyuieil OTpHIlaTENbHBIN 3apsii:

H

\ N
L) < o=t D .‘ < Rc=C
72 v Oo < wwg

sp?

310 oTpaxaercs Ha BelnwuuHe pK, cooTrBeTcTBYrOmMX CH-kucnor
(tadn. 3.15).

IIpomeHT s-xapaxkrepa CH-cBs3M CBS3aH TaKXKE C YIJIOBBIM Ha-
MIPSDKEHHEM: KO YFOJ MEXKAY CBA3SIMHM Y TETPadIpUYECKOro aroma
yIiaepona yMeHbllleH Onaromaps BKIIIOYEHHIO 3TOrO aToMa B MaJibli
UMK, S§-Xapakrep 3K3oluKiIndeckoit cBasH C—H Bospacraer. 310
03HAYacT, 4TO BO3PACTAET W S-XapakTep HECBS3LIBAIOIIEH opOuTamTu B
COOTBETCTBYIOIEM KapOaHHOHE, TaK KaK KapOaHUOH u alKaH umerom
odunaxogvle kKoHgpuzypayuu. CrefoBaTebHO, MOXKHO OXHUAATh, YTO B
pAAY HNHKIOTEKCaH—I[MKIIONEeHTaH—IIMKI00yTaH-1IIMKIONPONaH KHCIOT-
HOCTh AOJDKHA YBEIHIUBATHCS. DKCIIEPHUMEHTANBHOE H3YUECHUE KHHETH-
YeCKOH KUCIOTHOCTH (TipH Ay /kp = 6,5) B cHCTEMe LIHKIOT€KCHIIAMHUH—
IUKIOTEKCHIIAMH Ie3Hs TIOKA3aHO, 9TO 3TO AEHCTBUTENBHO TaK:

CH-kucnora Koru

benzon 0,00 (crannapr)
Iuxionpoman  —3,13

Meran —4,62
Huwiiobyran —6,51
Huknonenran  —7,20
Huxnorekcan —7,96
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DKcTpeMallbHbie CIIyYau MPOSBIEHHS YIIOBOIO HaNpshKEHWs Mpo-
SABJIAIOTCA B ciaydae KybGana (VI), ounuknobyrana (VII), TpuImkio-
[3.1.0.0.2%Jrexcana (VII) ¥ NOZOGHBIX MM COCAMHEHHMIA. CxkopocTh
obMeHa Bojopoaa B Kybane (s-xapaxtep CH-cBa3u cocrasnset 30-32%)
BBIIIIE CKOPOCTH 0OMeHa Boiopoza B ben3oie. B coennuenusax VI u VIII
S-xapakTep cBsa3H cocTaBiaser 40-41% u ckopocTb OOMEHa €ILe BBIIIE:

H H

|

() (¥m) (vam)

3.5.3.s. HHIYKTUBHbII DOPEKT

CoBepIIeHHO 04YeBHIHO, 4TO (—J/)-3aMeCTHTENH ROIKHBI CTabu-
nu3upoBaTh KapOanmoHspl. Harnpumep, HOTUCTEIH TpUMETHIAMMOHMIMA
MeTa/uIipyeTcs (EeHUJUIMTHEM, OTKyaa cieayer, 4rto uoH (CHj3)aN®
aBstercd 6onee cunpaoit CH-kucioTo, geM OeH3or:

D & ©
(CH3)sN—CHj3 + CgHsLi — (CH;3);N—CH; + C¢Hg.

(+])-3amecTiTenH TOJDKHEI AecTabMIH3HPOBaTh kapOaHHOH, YTO COITIa-~
cyeTcs ¢ HaOIIOIaeMoMH I0CTIeIOBaTENLHOCTHIO YMEHBIICHHS KHHETHYe-
ckoit kuciaorHoctd CH-ces3eit B ankaHax:

CH; > neps-CH > emop-CH > mpem-CH.

HUnpyxrusHbld 3¢dexr 3amectutens X sApiseTcs aBHBIM (akTo-
POM, ONpENENAIOMUM CTabUIBHOCTh APHIIBHBIX aHHOHOB XC6H4e. B
TaKOM aHHOHe OpOHTaNb, HeCyllas OTPUIATENBHBIH 3apsll, HE HaxXo-
JIUTCS B CONPSKEHHH ¢ apoMaTudeckoil m-cucteMoit. Huxe npuseneHa
MOJIEKY/IAPHO-OpOUTaNbHas KapTuHa Ui QenunsHoro anuoHa CeHy,
Ha KoTopoii nokasansl 7-HCMO 1 opbuTans HEMoe eHHO napsl (sp?).
J1H opbuTaIH OPTOrOHAIBHEI APYT Apyry: 7-HCMO aHTHCHMMETPHYIHA
OTHOCHTEIBHO INIOCKOCTH GEH30ILHOrO KONblLA, & Sp°-OpOUTaIb CHM-
MEeTpPHYHA OTHOCHTENLHO 3TOH mIockocTH. CleoBaTeIbHO, IEPEKPhIBa-
Hue B ¢ase (CHU3Y [UIOCKOCTH) OyIeT KOMIIEHCHPOBATHCS [IePEKPLIBAHU-
€M B IIpOTHBO(}a3e (CBEpXy IUIOCKOCTH) M CYyMMAapHBIH dHepreTUICCKUit
addexT Oyner paBeH HyIHO:

[1o 3Toi npHYHMHEe 3aHATas Sp2-0p6HTaJIb HE MOXKET B3aHMOJIEHCTBOBATE
¢ 7-HCMO 0Gensoina 4, cie10BaTeabHo, B 3amelleHHOM anione XCeH,
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samectutenb X (Hanpumep, —CN, —NO; uau —COR) ne moxer cradu-
JTU3UPOBATh KapOaHUOH NyTeM conpsbkenrs. Ctabuinzaius ocymecTs-
JISETCA TOJNBKO 33 cYeT MHAYKTUBHOTO 3(eKTa TaKux 3aMeCTHUTEINEH.

ITockonbKy MHAYKTUBHBIA 3(eKT ORICTPO 3aTyXaeT npH yAaleHHH
OT peaxknHoHHOro (KapOaHMOHHOIO) LEHTPa, KHHETHYECKas KHCIIOT-
HOCTb 3aMeNIeHHbIX OeH3070B ¢ (—{)-3aMecTUTeNneM Bcerna yObIBaeT
B IIOCJIEIOBaTENBHOCTH Opmo->mema->napa-, T.e. opmo-CH-cea3b
Bcerna Gonee xucnad, yeMm napa-CH-cBs3b. 310 MOXHO TIPOMILITIOCTPH-
POBaTh CIAEAYIOINUMH JaHHBIMA JUIS PEAKLIHH

CeHs X + KNH,(NH3) — CeHs X ™.

OTHOCUTENbLHAS KUHETHUECKAA KHCIIOTHOCTh (1 OeH3ona kory = 1,00):

{100) P s CHy
@ 10 10 014
10° 104 023
10° 104 023
Benson propbenson TpUgTOpMETHRGEH30N Tomyen

MeTHIBHAS Tpynia B TONYOJNE MMEET IOTOXKHTEIbHBIH HHIYKTHBHEII
3thdexT, 1 103TOMY CKOPOCTH 0OMEHA IT0 CPaBHEHHIO ¢ OEH30JI0M 3aMef-
metcs. Kak u crenyer oxkuaarh, B HauOoIbnIel CTeneHHn 3aMeyieHue
TIPOSIBIIIETCA U1 OpmO-TIOJIOKEHHS.

3.5.3.r. 3ODEKT I1IOJIA

Hupuaun BcTynmaeT B peaklMio oOMeHa Roxopona ¢ ropasno
6onpnIeit CKOPOCTHIO, YeM OEH301. DT0 OOBACHAETCS HATHYHEM B KOJIBIE
IeKTpooTpULIaTeibHOro aroMa asora. Ilo kunerunyeckoir CH-kucior-
HOCTH ITMPHIMH MOX0XK Ha (GTOPOEH30N, OJHAKO MEXKIY HUMH HMEETCH
OHO BaxkHoe paznuume. B momekyne dropbeHzona 6Gonee kucnoi
siBIseTcs Omkaiimas k atomy ¢ropa cBa3p CH B rmonoxenuu 2 1 Kuc-
JIOTHOCTb YMEHBbHIaeTCs B riocnenosareabHocty 2-CH>3-CH>4-CH.

B Monexyne nupuanHa — Ha00OPOT: camMoil KUCIIOH sABNIsgeTCs Hanbo-
nee yaaneHHas otT atoMa a3ota CH-CBA3E B 1oN0XeHHH 4 U KHCIOTHOCTE
ybniBaet B pany 4-CH>3-CH>2-CH. Kpome Toro, B MoneKyiie mupuau-
Ha pa3nble CH-CBS31M MaNo OTAHMYAIOTCS IO KHUCIOTHOCTH, a B MoneKyJIe
¢dbropbenzona o4eHL CHITHHO!

(1,00) F . 1,210
10 éio,mos
P
1 N" 030108
10°
fer3on propberacn nuprn {C,H OD=C,H_ONa, 140°C)
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Hony4aeTcs HECKOIBKO MNapajoKcanbHas CUTyallHd: BBCIACHHUE aTo-
Ma a30Ta B apOMAaTHYECKOE KOJIBLIO YBEAHYHBACT KHCIIOTHOCTH BCEX
CH-cBsizeit, HO B Oonbliueil cTeleHH BO3pacTaeT KHCIOTHOCTh CaMoi
YAAICHHOH OT BBeJeHHOro aroma azora CH-cesizu.

VYBenuyeHne peakuuoHHON cruocobnocti CH-cBs3u mHpUAMHOBOrO
KOJbIa, OOnee ynaneHHOM OT aroMa a3ora, oObicHseTcs 3Q(heKToM
mons (cM. T 2). sp?-OpbuTans, Hecylas HEMOAENEHHYIO Tapy aToMa
a30Ta, PacloNOXeHHas B OHOH MIOCKOCTH C sp’-Op6HTAIBIO ITHPHIH-
HOBOTO KapOaHHMOHa, OyJeT OKa3beIBaTh AeCTaOMIH3HPYOIEe BIHIHHE
Ha KapOaHHOH Orarogaps 3MeKTPOCTATHYECKOMY OTTATKUBAHUIO MEXAY
3THMH 3aIIONIHEHHBIMH OpOHTANIMHU. DHEPrUs OTTANKHBAHUA, 10 3aKOHY
Kynona, o6paTHO IpONOPHHUOHANBEHA PACCTOSHUIO MEXKIY OpOHTAIIAMHU.
Ecan paccMaTpuBaTe MOJEKyJqy HMHUPHIMHA KaK IIPaBMWIBHBIA LIECTHU-
YTOJIBHUK, TO BIUSHHUE HEMOAEIECHHON napkl a3ora OyAeT yMEHbIIATECS
[0 MEpEe YBEIIHYESHHUSA PACCTOSHUS KO OPOHTAIH, HECYIICH OTpULATENb-
HBIt 3apsa kapbanuoHa, Ans monoxeHwi 2, 3 U 4 B COOTHOIUCHHU

r2:r3:r4=1:\/§:2.

Torna xuHeTHYECKas KUCIOTHOCTS (lgk) MOIDKHA H3MEHSTBCS CIEeNyro-
UM 00pazoM:

lgk (monoxenue 3) — Igk (nonoxenue 2) =r; /r; = 1v/3=0,58;
lgk (monoxenue 4) — gk (monoxenue 2) =r, /ry=1/2=0,50.

OkcnepuMeHT faer Ommskue 3Hadenus: 0,58 m 0,42 COOTBETCTBEHHO,
4YTO CBHAETEILCTBYET B ITOJIb3Y TaKoi Monenu 3ddekra mois.

B xatrone N-METHINHPHUIMHHSA y aTOMa a30Ta HET HEMOAEIEHHOMN
naphl 1, KPOME TOTO, OH HECeT MOJOKHUTEILHBIH 3apsai. Bereacrue ato-
ro OTHOCHTEIbHAS KHHEeTHUECKas KHCIIOTHOCTh H3MEHAETCH B 00paTHOM
nopsake: 2-CH>3-CH>4-CH.

Xsnopupx N-MeTHIITHPHIHAS
(KureTraeckas KMCIOTHOCTE HOJOXEHHSA 2 IPHHSATA 34 €AHHMITY.)
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3.5.3.1. OOOEKTHI COIMPSKEHWA

Coeaunenys, conepxatuue (—M)-3aMecTuTenr, HanpuMmep Kapbo-
HHJILHYIO, HHTPHUABHYIO HJIH HUTPOTPYNNY (COOTBETCTBEHHO AIIETOH,
ALIETOHUTPHII U HUTPOMETaH), 0bnanaroT Bbicokoi CH-KHCIOTHOCTBIO.
DTO CBA3AHO ¢ TeM, uTo (—M)-3aMecTUTENH OueHb 3PHEKTHBHO cTabH-
JU3HPYIOT KapOaHHOHBI ITYTEM AEIOKAIM3aIHH 3apaa.

e
\9_1?1//0 \C_I{%/O
T Nge T e
R R
N8 ~ e
C-C — C=C ,
s N0 s Noe

Jns usmeperus pK, Taxux CH-xucnor, Hanpumep B JIMCO, Her
NPUHOHUIHATBHBIX TPYAHOCTEH, TO3TOMY B A3aHHOM pasjese MBI Iie-
peiijieM OT KHHETHYECKOH K TEPMOJHHAMHYECKOH KHCIOTHOCTH. Pac-
CMOTpeHHe CTa0MIBHOCTH KapOaHHOHOB depe3 TepMOIHHAMHYECKYHO
KHCJIOTHOCTh MMEET [IPEHMYILECTBO, COCTOSINEE B TOM, UTO BETUYHHEI
pK, He 3aBHCST OT MeXaHMW3Ma IlepeHoca IpOoToHa. B ommuuue oT
3TOrO BEJIUYUHY JUIS H30TOIHOT0 0OMeHa (KHHETHYECKYH KUCIIOTHOCTD)
BOJIOpOAA CIeMyeT HCIOJIb30BaTh C OCTOPOXKHOCTBIO, OCOOEHHO KOrda
HEIOCTAaTOK 3KCIIEPUMEHTAIbHLIX JaHHBIX HE IO3BOJIAET 3aKIIOUHTH,
YTO MEJIEHHOW CTaJiHeH peakiluu ABISETCS OTPHIB IPOTOHA.

Uto6w1 conpsixenne OpU10 3¢ PeKTHBHEIM, KApOAHHOH JOJDKEH HMETh
BO3MOXHOCTb IIPHHATH IUIOCKYIO KOHQHIypaluio. B ciryyae Ounuxnmnye-
ckoro karioHa IX mapa anekTpoHOB B KapOaHHOHE XeCTKO 3ayUKCHPO-
BaHA HA Sp°-OpOHTATM W MEPEKPHIBAHHE C T-OPOUTAIAMH KapGOHUIIL-
HBIX TPyl He MoxeT npousoitH. IloatoMy coenunenue IX sBnser-
cs oueHb cinaboil CH-kucnotoi. Ilpu MOHH3aLMM MOHOIMKIMYECKOTO
IUKeTOHa X KapOaHHOH MOXET MPHHATH IUIOCKYI0 KOHQUIYpAIHIO,
CONpSKEHHE BO3MOXHO, M Y 3TOTO COEAHHEHHs [IOBOJBHO CHIIBHO
BBIp2)XEHBI KUCIOTHBIE cBOHCTBA (pK, = 5,26 B Bone):

(X) 0 ;; 0

Buumknof 2.2.2] oxran-2,6-puox; 1,3-LuK norexcaHjuon;
Kkapbanuon He MIOCKWIA ; KapbaHuoH nnocKWA;
KUCNOTHOCTEL HU3Kas KUCNOTHOCTL BbICOKas

0" H

Ilo cnocobuoctu aumauduuuposats CH-cesizu (—M)-3aMecTUTETH
MOXXHO PACHOJIOXHUTE B cieayromuid psanx (cM. taba. 3.15):

NO;, > COC,Hs > COCH; > SO,C¢Hs > COOR > SO,CH; > CgHs.
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Tabanua 3.17
Biausinve noCJAeA0BaTe1LHONO BBEICHUS OIHOIO, JABYX M Tpex
(—M)-3amecTuTeneii na kuciaoTHocTs CH-cBsizu

CH-kxucnota pKa

B H,O B IMCO
CH3NO- 11 17,2
CH2(NOz)2 4 6,6
CH(NO2)3 0 < -1
CH;3;COCH; 20 26,5
CH2(COCHa)2 9 13,3
CH(COCH3)3 6 8,9 (IMDA)
CH;CN (25) 31,3
CH2(CN)2 12 11,1
CH(CN)s (=3) (=7) (IMPA)

Ecnn B MoJIeKy/Ie UMEETCA HECKOIBKO TaKHX ayuouguyupyrowux same-
cmumeneti, To xucnotHocts CH-cBs3u eme 6onee Bo3pactaer. OnHaKo
3TOT 3¢¢eKkT He aanuTHBEH (KHUCIOTHOCTH BO3pACTaeT He IIPOIop-
UHOHANBLHO YHCIy Tpynm; cM. Tabn. 3.17), MOCKONbKY HEBO3MOXKHO
PACIIOIOKHUTE BCE aTOMBI B OJIHOH ILTOCKOCTH M3-3a MPOCTPAHCTBEHHOIO
OTTaJIKUBAHUA.

3amectureny, nogobusie —COR, —CN mnn —NO;, CUIBLHO TOBBI-
marT KucaorHocth cocendeit CH-cesizn, Tak kak B oOpasyrmomemcs
KapbaHMOHE BCJIENCTBUE COMPSUKEHUS OTPHUIIATCIBHBIA 3apsaj B 3HAUM-
TEIBHOHN CTEMEHHU MIEPEXONUT OT HEe3NEKTPOOTPHULATENBHOIO YITIEPOAd K
3NEeKTPoOTpHHaTeIbHEIM 31eMerTaM O unu N. TeM He MeHee U YHCThIE
YTIIeBONOPOJBI MOTYT 001a51aTh 04eHb BBICOKOH KMCIIOTHOCTBIO.

Bricokas kucIoTHOCTE uKknonentaguena (pK, 8 IMCO = 18,0; cm.
Tabi1. 3.15) sBusieTcd CIEACTBHEM CHIIBHOTO CONIPSKEHHS B KapOaHHOHE.

5H = @

B nauHOM ciyuae HENOAeIeHHas Napa NIEKTPOHOB B IMKIOIEH-
TAMCHWIFHOM aHWOHEe BIJIIOYAETCA B APOMATHYECKYIO INECTH-7r-
MEKTPOHHYIO cucTeMy (cM. 1L 12) U MeTOKATH3YETCS HO 6CEM amomMam
KOAbYa:

=0 O —

W3BsecTHa uenas rpynia COIpsDKEHHBIX YITIEBOAOPOAOB, HMMCIONIMX B
BOAHBIX pacTBOpaX KHCIOTHOCTH, CPABHUMYIO € KHCIOTHOCTBIO (1)6—
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HOJIOB M jaaxke kapOoHOBBIX kucIOT. KapbaHHOHBI, COOTBETCTBYIOLIUE
TaKMM YIJIEBOAOPOAAM, SIBJISIOTCS CHIBHO CONPSIKEHHBIMH CHCTEMaMH
M YacTO COAEPKAT [HUKIONEHTAIHEHOBBIH $ParMeHT, NPUIAIOIMH UM
apOMaTHYECKHi Xapakrep. Takue YIMEeBOAOPOIb! N0 MMEHH IIEPBOIo
HX MCCIEIOBAaTeNs HA3BaHBI y2regodopodamu Kyna. Huxe npuBeneHbl
MpUMEepPBI TAKUX CUCTEM H JaHB! 3HadYeHHud pKj:

Qnyopen( anbenso- 9-perungnyopen 11,3,3-reTpa-

uMKACReHTauen ) pka=18,5 Penusnponett  413,3-6uc-(Gucpenunen)-
pAa=225 (8 uuKnorekcunammre)  pka~ 15 nponen

{8 AMCO) {8 soge) pka~10(a sope)

) cH-c—® Ph

© O Op © WO
CHCH,CH ®,
o0 & R

11,5,5-{bupennnen)- quyopagen ronc-(Guenunen-  1,3-AMpeHAAMHGEH
nexTaguen-14 pka=11(s soge), BUHMN)METEH pKa=132
pKa=8,8 pKa=135(8 MeCH) pXa=62 (8 uwkno-

{8 Bsoge) pKa=138( 8 AMCO) (8 Boae) rexcunamite)

TakuM 006pazoM, MOXKHO CHENATh BBIBOA, UTO 0000 KHCIBIMH CBOM-
cTBaMH OyayT oOSafaTh T€ yriieBOZOPOIb], B KOTOPHIX OTPHLIATEIbLHBII
3apsn kapOaHUOHA MOXET OBITH MEJIOKAJU30BAaH HA aTOMax ymiepoja
HUKIIONIEHTaAHEeHOBOTO KONbLA. JTO CBs3aHO ¢ 3(pdexroM apoMaTH3a-
YU, IpelcKa3blBaeMbiM TeopHed (1. 12). AHHOH UIHKIONEHTagHcHa
M303NeKTpOHeH OeH301Ty, aHHOH MHIeHA — HaTanuHy, aHHOH (uryope-

Ha — (eHAHTPEHY:
sossexTponen

o
aHUOH MHAeHa HapTanut
(10 T-318KTPOHOB )} ( 1017-3NeKT poHoB )

Haobopot, aHHOH UHKIIONpONEHa KpaiHe HEYCTOHYUB BCIIEACTBHE
anmuapommuunocmu (1. 12).
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CHy  CHy

\V4

o cH ©
3 aHTHAPOMATMHeCK WA
1,2,3- TpUPeRUALMK NONPONEH 47t-3neKTPOHHbIN
pKa ~ 62(ougenka) anuoH LMK Ronponexa

IloaToMy TPOM3BONHBIE UKIONPOIIEHA UMEIOT PEKOPAHO BBICOKHE 3Ha-
yenusa pK,, ropaszgo 6onee Boicokue, yeM pK, Merana. EcrecTBenno,
YTO TaKYH HU3KYIO KHUCIOTHOCTD IIPAMBIMY KCIIEPHMEHTAMH H3MEPHTh
HENH35, 3 MOKHO JHIIb JaTh OPUEHTUPOBOYHOE 3HAYCHHE,

IukmorenrarpueH, aHUHOH KOTOPOrO HE SIBISETCH HU apoMarHue-
CKHM, HH aHTHapOMaTHYeCKUM (BEpOsSTHO, aHHOH He IUIOCKHI), obna-
J1aeT OTHOCHTENIPHO HH3KOH KHCIOTHOCTHIO, OIHM3KOH K KHUCIIOTHOCTH
ammuibHOH CH-cBsa3u B nponuiene (tabmn. 3.15):

[;:;J CHz=CH~CH,

H® 'H
yuknorentatpuen:  phz x 43
pka ~36(ouenka) (8 jIMCO)

Koraa roeopsaT 0 conpsbkeHHM, 00BIMHO IIOAPAa3yMEBAIOT IIEPEKPHI-
BaHHE MEX/y COCEJIHHMH p-opOuTamsaMH. OnHako BaXHOE 3HaucHHE
MOET MMETh H NIePEKPHIBAHNE MEXAY p- H d-OpOHTATAMHU.

NepeKpbiBatme
p- n d-opbutanen

HoH rerpamernindochonus npu aedicteuu NaOD B D,O oOmeHu-
BAacT BOJIOPOI Ha jeHTepmii co ckopoctsio, B 10 pas Gombmieit, uem

D
HOH TeTpameTHnamMmonus. Manyxtusaele d¢dextol rpynn —P(CHs);

&
1 —N(CHj3); npuMepHO OAMHAKOBEI, MOCKONBKY 00¢ IpYIIIbl HMEIOT

UETIbI TOAOKUTENbHBIN 3apsA ¥ UMEHHO HaJlMyhe 3TOro 3apsia, a He
IIPHpOJA OHHUEBOI'0 3JIEMEHTA SBISETCS IIaBHBIM (DaKTOpOM, OIpene-
JASIOIMM BEJHYMHY HHAYKTHBHOro s¢dexra rpynmnsl. Habmonaemoe
PE3KOE OTNHYME CKOpOCTed oOmena Obi0 OOBSCHEHO MPENTIONOXKe-
HUEM, 9TO B ciydae docopa xapbanuon crabuiausupyerca Giaroma-
ps MEPEeKPBIBAHMIO 3alOJIHEHHOW p-opOuTanM KapOaHHOHa C IyCTOH
3d-opburanso docdopa:
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N 0 & o
5Pz CH;—P

0

L —— CHEPE
Takoe mepexphIBaBEHEe B CIIy4ae a30Ta HEBO3MOXKHO, TAK KaK DIEMEHTHI
BTOPOro NMEpPUOAa HE MMEIOT d-opOHTaned, HU3KO PAacHOIOKEHHBIX I10
SHEPTHH, T. €. CIIOCOOHBIX aKIeNTHPOBAThH HENTOAEIEHHYIO 3JIeKTPOHHYIO
napy kapGaHHOHA.

Crabunn3auis nyTeM p—d-CONPSKEHHs XapakTepHa s KapOaHHo-
HOB, coxepxamux docdop u cepy.

Hse doconnessie rpynnb! cTabHIM3UPYIOT aHUOHHBINA 3aps Tak
CHIBbHO, 9TO Ouc-(Tpudenmndocdonuit)meran (XI) asisercs yxe 08yx-
ocrognou CH-kucnotoi:

o ) 2=5,60 & o 9
PhyP—CH,— PPhs + B 2% PhyP— C H—PPhs =
(XI)
20

o *° o
= Ph3P— C —PPhs.

3.5.3.e. KAPBAHHOHBI, COOEPXALIME I'AJIOI'EHBI

Baenenue aroma xJjiopa B MOJIeKyly MeTaHa IIPHBOAHMT K TOMY, UTO
KHUCJIIOTHOCTb COEIMHEHMs Bo3pacTaeT. BTopol 1 TpeTuil aToMbl XJIopa
ente OoJyee YCHIIMBAIOT KHCIOTHOCTE, U XJIOPOGOPM OTIIEILIAET IPOTOH
yXe 1IpH JeHCTBHM KOHIEHTPHPOBAHHOIO BOAHOIO pactsopa NaOH.
O0pasyronuiics Takum NyTeM TPUXJIOPMETUIBHBIA aHHOH HecTabuiIeH;
OH OBICTPO OTHIEIUISIET XJIOP-HOH ¢ 00pa3zoBaHMEM MUXJIOpKapOeHa —
0Y€HBb PEAKLIHOHHOCIIOCOOHOM YacTHIIB!, IIPH OOBIYHBIX YCIOBHUSX IIpak-
THYECKH MTHOBEHHO pearupyomei ¢ KOMIOHEHTAMH CPEIbl:

o
CHCly + OH® === CCl3 — CI® +: CCl, — "PoRyIts! Suierpoi

b}

2V auxsopxapben

Pacrian TpUXJIOpMETWIBEHOTO aHHOHA CMEIIAeT KHCIOTHO-OCHOBHOE
PABHOBECHE, U TO3TOMY BEJIMUUHY pK,; MOXKHO YKa3aTh JIMILIE OPHEHTH-
POBOYHO.

Crabuinzanys kapOaHHOHHOTO LIEHTPA COCEIHUMH aTOMaMH XJIopa
oObsicHACTCA OTPHUATENHHBIM HHIYKTUBHBEIM 3(dexToM. [Tockonbky
HHAYKTHBHBIH 3(¢eKT B pAny rajoreHOB yBEIHYMBACTCH OT HOma K
dropy, MOXKHO OKUIATH, YTO KUCIOTHOCTH ranodopmMos Oymet Bozpac-
tath B paay CHl; < CHBr; < CHCl; < CHF3. OnHako Ha caMoM feiie
MOPANIOK O0paTHBIN:

CH-kuciora CHF; CHCl3; CHBr; CHIs
pK, (ouenka) 26,5 15,5 13,7 13,7
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dropotopm sBrsieTcs Hanbolee craboli KUCTOTOM U3 Beex ranohop-
moB. OTcrofa clIefyerT, 4To, KPOME HHAYKTUBHOIO 3(h(¢eKTa, rajoreHsl
JOJDKHBI ITIPOABIIATH €HIE OMH KakoH-To 3¢bexr: Wi AOMOIHUTEIbHRIN
cTabWIH3HPYIOIMHA, Bo3pacTaloluil or ¢gropa k #oay, win necrabu-
IM3HUPYIOIMIA, BO3pacTalonuit oT iona K ¢Topy. Crabunu3upyomui
3¢hdEKT MOXHO NMpPENCTaBHTh KaK yJacTHE B JE/OKAIM3AMHH OTpHIla-
TENBbHOTO 3apsana d-opburaneit ranorena. CorlacHO 3TOi TOUKe 3peHus,
¢TopodopM noToMy sBIsieTCS HaUMEHee CHIBHON KHCIOTOH M3 BCeX
ranoOopMOB, YTO B 3TOM ciydae d-OpOMTajid rajoreHa — IEMEHTA
BTOpPOTO IIEPHOjIA — JIEKAT CJIMIIKOM BBICOKO H MOITOMY COIPSIKEHUE
TUNa p—d (T. €. BKIaa cTpykTyp ¢ 10 anexrpoHaMu Ha BHeIHEH 00010uKe
rajoreHa) HEBO3MOXKHO:

X X

| l

o
X—:C® « X=C (X=1,Br,Cl o neF)

X X

CornacHO Jpyroil TOUKe 3pEHHs, Ha KHCIOTHOCTh ranodopMoB
BIHAET B NEpBYI0 odepedp pecTabmnnsupyronmii adgdexr (+M)-tuna,
T.€. OTTaJIKHUBAHHE MEXIY HEIOJEICHHBIMU HapaMH (3al0IHEHHBIMH
OpOHTAIIIMHK) TAJOT€HA U YIIEepPOaa:

g

X—Ce-. (X=F »Cl,Br
0 a

N

OtoT 3ddexr (MHOINAa HA3BIBAEMEBIH armuconpsdcenuem) Hanbomee
CHJIBHO JIOJDKEH IPOSBIATHCH Y PTOpa — BjIEMEHTa TOro K€ IepHoja,
YTO YIIEPOJ, TaK KaK opOUTaNH 3IEMEHTOB OAHOTO H TOrO Xe Iepruoaa
HMEIOT OJTH3KHE pa3Mephl B T0ITOMY NIepeKphiBatoTcs Haubomnee addex-
THBHO.

Taxum 06pa3oM, BAMSIHNE TaJIOTEHOB Ha CTa0MITBHOCTh KapOaHMOHOB
HMEET CJIOKHYKO TPUPOAY M OIUCHIBAETCA TOHKUM DallaHCOM MEXIy
HHIYKTHBHBIM 3(QQEeKTOM, OTTAIKHBAHHEM HETONEIEHHBIX Iap U p—d-
CONPSIKEHHEM.

3.5.3.x. CTABUJIN3AIIASI KAPBAHMOHOB NYTEM OBPA3OBAHUS
HOHHBIX ITAP

MBsI paccMOTpesIH Tak Ha3bIBaEMbIe BHYTpEeHHHe (haKTOpHI, BIHA-
folHe Ha cTabHIpHOCTh KapDaHMOHOB, T.€. (akTOphl, CBA3AHHBIE C
3JIEKTPOHHBIM M IIPOCTPAHCTBEHHBIM CTpOeHHeM 3THX dactul. Cyine-
CTBYIOT TaKXe ¥ BHEIIHME (AKTOPEI, CTaOMIH3HPYIONINE KapOaHHOHBI,
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HarpuMep obpazoBaHHe HOHHEIX nap. Pomk MOHHBIX Mmap YacTuy-
HO yXe oOCyxnanach HaM{d OpPH PACCMOTPEHMM BIIMSHHUA CpeAbl Ha
KUCJIOTHO-OCHOBHBIC CBOHCTBA MOseKyn (pasf. 3.3.3.0).

B KadecTBe IpHMepa BO3bMeM (eHUNTalEeTHIeH. JTO COeIHHEHUE
umeeT pK, = 16 B 3¢upe, 21 — B unknorexkcunamune, 28,7 —s JIMCO.
Taxas cuIbHAs 3aBHCHUMOCTB KHUCJIOTHOCTH OT PacTBOpHTENs 00BACHS-
eTCst UOH-RapHbIM dpexmom. KucioTHOCTE DeHMTalETHIIEHA BO BCEX
Tpex Caydasx onpejaeicHa IIYTeM U3MEpeHHs PaBHOBECHS C KaJHeBOH
conpro kucnoThl AH, npuueM kucnotHocts AH Opina 3apanee H3BeCTHA:

CeHsC=C—H+K®A® = C¢Hs;C=CPK® + AH.

B JAMCO HOHBI IONHOCTBH) JHUCCOLUMHPOBAHBI, HO B I[UKJIOTEKCHII-
aMuHe, U ocobeHHO B adupe, oOpa3yrorcs HOHHBIE Hapbl U Oomnee
KpYTIHBIC HOHHBIEC arperarsl.

3.5.3.3. MOHbI X1 MIOHHBIE TIAPBI IEJIOUHLIX COJTEI KAPEAHUOHOB

TepMuH «HOHHag mapa» o0o3HayaeT MOHHBIH accOLMAaT U3 IBYX
IIPOTHBOIOJIOKHO 3apsPKEHHBIX HOHOB, KOTOPHIE HaXOMATCS B 3MEKTPO-
CTaTHYECKOM KOHTaKTe, HO 001aafoT, 10 CYHIECTRY, TOH K€ CTPYKTYpOH,
YTO ¥ cBOOOIHEIE pa3neieHHble HOHBL [loHsITHE O MOHHBIX mapax ObLIO
BBefieHo B 1926 . H. breppyMoM aid HOHOPOPOB — CONEH NIETOUHBIX
M IIENOYHO3EMENbHBIX METaJUIOB, KOTOPHE HMEIOT HOHHOE CTPOCHHE
B OTIIMYHE OT HOHOI'CHOB, COCTOAMUX M3 HEHTPaNbHBIX KOBAJIEHTHBIX
HOJSIPHBIX MOJNEKyN. B pacTBopax HOHOGOPOB IIPOTHBOIIONIOXKHO 3aps-
JKCHHBIE MOHBI HAXOAATCA IH00 B KOHTAKTE, TH00 Ha TAKOM PacCTOSHHH,
9TO KYJIOHOBCKOE B3aHMOJIEHCTBHE HE MI'PAET 3aMETHOH POJIH.

TepBoHayanpHO MOJaraju, 4ro HOHO(OPHI B pPacTBOpE HALENO
JHCCOUHMHPOBAHEI U X03G)HIMEHT aKTHBHOCTH HOHA B PACTBOPE OITHUCHI-
BaeTCs U3BECTHBIM ypaBHeHHEM [lebas—Xiokkens. Oka3arock, OIHAKO,
9TO 3Ta TEOPHsI COBEPIIEHHO HENPUTOJHA A1 ONTUCAHUA HE TONBKO KOH-
LEHTPHPOBaHHBIX PaCTBOPOB, HO, YTO 0COOEHHO BaXKHO, HE COIIACyeTCs
C 3KCHEePHMMEHTANbHBIMH JJaHHBIMHU ISl PACTBOPOB € HHU3KHM £ < 15 1
cpenHuM 3HadeHHeM € < 20—40 nuanexTpuyecKoil MPOHUIAEMOCTH, T. €.
NpH CUNIBHBIX MEXHOHHBIX B3aUMOAEHCTBHAX. B 3TOM ciiydae Henb3s
peHebperars accolyalied HOHOB, TaK YTO IOMUMO CBODOIHEIX HOHOB
B PacTBOpPE HAXOIATCS HOHHBIE ITaphl, OOpas3yIONIMecs NpH CHapuUBa-
HUH JIByX HPOTHBOIIONIOKHO 3apsHKEHHBIX HOHOB. I[IOCKONBKY SHeprus
3NIEKTPOCTATHYECKOIO B3aUMO/ICHCTBHS HBYX PA3HOUMEHHO3APSKEHHBIX
MOHOB OIIpeNeNseTcss COmTacHO 3akoHy KymoHa zze?/ac, rme a—
pacCcTOAHHE MEKAY HOHAMH, KOHLENNHWA HOHHBIX IAp IpHUMCHHMAa B
TOM ciy4ae, korna 3ToT wieH oonbmie 2kg?, rme kg — nocTosHHAas
boneuMana. IIpH ycioBuH, KOTZIa JHEPIHs 3IEKTPOCTATHYECKOrO MpH-
TSDKEHUS ABYX MOHOB 3HaYMTEIBHO NPEBBINIAET MX TEILTOBYIO SHEPIHIO,
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B pacTBOpe oOpa3yeTcsi HOBas 4YacTHIa, OOIajaromias AOCTAaTOYHOM
CTabMIIBLHOCTBIO 151 TOTO, YTOOBI HEe pa3pyUIaThes B MPOAOIDKEHHE OOITh-
LIOTO YHCIA COYHApeRUH ¢ MOJEKylIaMH pacTBopuTens. MoHHbIe maphl
B pacTBOpE CHMMETPHUYHBIX 3IEKTPOIMTOB HE HECYT BIEKTPHUECKOTO
3apsja, HO HMEIOT 3HAYMTENLHBIN AUNONBHEIH MOMEHT. [loaToMy oHM
HE JaroT HMKAaKOTO BKJIafia B 2JIEKTPOIPOBOAHOCTD, 2 C TEPMOZHHAMH-
YECKOH TOYKH 3PEHHUS Bech 3(P(PeKT CBOAUTCA K yHaIeHHIO U3 PACcTBOpa
HEKOTOPOI'O 4MCIla HOHOB U BBEJECHUIO BMECTO HUX AUIIOIBHEIX MOJIEKY
B KOJIHYECTBE, PAaBHOM YHCIy HOHHBIX nap. HeMenneHHO BO3HHKaeT
BOIIPOC: KOTJla [Ba COCENHHX HOHA MOTYT OBIThH Ha3BaHB! HOHHOM ITapoi?

CornacHo Teopun beeppyma, mo0oi MOH, OKa3aBHIMiiCS Ha pac-
CTOAHHMH r < r, OT NPOTHBOHOHA, 0Opa3yeT ¢ HMUM HOHHYIO Tapy,
a MOH, OKa3aBIIMHCA BHE cdepbl ¢ r = r., ABIsSETCI CBOOOTHBIM.
B kauecTBe TaKOoro KPHTUYECKOIO PACCTOSHHA F, Oblla IpeNIOXKeHa

BCIIUYHHA r, = HGTPYIIHO 3aMCTUTH, 9TO Ha PACCTOIHHU F.

—
RekgT”
3NIEKTPOCTaTHYECKas TOTEHIIHANbHAS 2HEPTHA AByX HOHOB paBHa 2kp 7.

JanpHeiliee pa3BuTHE TEOPUU acCOLMALKUMY MOHOB 3aKJIIOYAETCs B
TOM, YTO HOHHBIE Iaphl CYIECTBYIOT B pacTBOpe B (opMe no kpaitHei
Mepe IBYX (a BO3MOXHO, H Oonee) auckpeTHbix ¢opm. Hamuyuue y
HMOHHBIX Nap AWIIOIBHOIO MOMEHTA IPHUBOJAUT K CHIBHOMY 2J1€KTpPOCTa-
THYECKOMY B3aUMOAEHCTBHIO C MOJIEKYJIaMHU IIOJIIPHOTO PAaCTBOPHUTENS.
Crnenyer pa3muuaTh 1Ba THIA B3aUMOJACHCTBHA KOMIIOHEHTOB BHYTpH
HOHHOHU mapel: 1) B3aUMOAEHCTBUA, B KOTOPBIX MOJIEKYJIBI MONISPHOTO
pPacTBOPHUTEINS OCTAIOTCA BHE MOHHOM Maphl U 2) B3auMOACHCTBHSA, NPU
KOTOPEBIX OJIHA WJIM HECKOIIEKO MOJIEKYII PACTBOPHTEN BHEAPCHBI MEXAY
HOHaMHM B MOHHOMH nape. B camMoMm Hadajie pa3lieNeHHs KOMIIOHEHTOB
HOHHOH Iapsl MOJEKYNbl PACTBOPUTEIA HE NPEMATCTBYIOT HX B3aUMHO-
MY TIPHUTSKEHUIO, TaK KaK paCCTOSTHHE MEXK/Y HOHAMH ellle CIUIIKOM Ma-
JI0 7T pa3MeIlcHUs MOJIEKYIIBI pacTBOpHTENS. [103TOMY nepBoHadanbHO
MOTEHIHAIBHAS SJHEPTH IBYX HOHOB PacTeT NpHU YIATEHUH UX APYT OT
npyra. OgHako IpH HEKOTOPOM KPUTHYECKOM PacCTOSHHH IIOJIIPHBIE
MOJIEKYJIBI PACTBOPHTEIIS Pa3MEILAIOTCS MEXKY HOHAMH U HOTEHIHAIIb-
Hasl SHeprus CUCTeMbI NoHWwxaeTcsd. JanpHeliee yianeHue HOHOB IpyT
OT Ipyra B HOHHOH I1ape BHOBb YBEIUYHMBAET SHEPIHIO, KOTOpas MocTe-
[IEHHO TIPUOTIDKAETCS K MOCTOSHHOM BEJIMYHHE, XapakTepHoH s bec-
KOHEYHO YIaJICHHBIX HOHOB. I10o10OHEIH XapakTep H3MEHEeHHs [I0TEHIU-
AJIbHOM SHEPIUM NO3BOIAET NPEANIONOKUTH CYLIECTBOBAHUE IBYX THIIOB
MOHHBIX Hap, Ha3BaHHBIX KOHTAKTHBHIMH M COJIbBATHO-PA3/IEJIEHHBIMH.
KOHTaKTHYI0O MOHHYKO IIapy Ha3bIBalOT TakKe TEeCHOH, BHYTPEHHEH,
WJIH WHTHMHOM, a COJIbBATHO-pa3e]ECHHYIO — BHELIHEH, WM PBIXIOH.
OnHake TEPMHHEBl «KOHTAKTHAs» U «CONBBAaTHO-pa3/ciIcHHas» TOYHEE
BCErO NepenarnT GU3NYecKuil CMBICT KOHLEIUM HOHHBIX Hap.
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[pencrapnenne o6 ydJacTHM JABYX THIIOB MOHHBIX IIap B OpIaHH-
YeCKMX peakiusax BrepBole Opu1o mpumeHeno C. YuHcTeHHOM s
OOBACHEHNS KUHETHKM 4 MEXaHU3Ma pPeaKnHid MOHOMOIEKYISIPHOIO
HyKiIeoHIbHOro 3aMelieHHs Syl y HAchIUEHHOTO aToMa yIIepona.
B 19501960 rr. 65114 TOJTY4Y€HBI MHOTOUHUCIIEHHBIE CBHAETENBCTBA y4a-
CTHsl KOHTAKTHEIX H COJIBBATHO-PA3AE/ICHHBIX HOHHBIX [1Ap B PEaKIMsIX
conpBonM3a (1. 9), ONHAKO A0 CHX IOP OTCYTCTBYIOT NpsiMble (H3HYe-
CKHE JI0Ka3aTelIbCTBa PealIbHOM CTPYKTYPEl HOHHBIX ITap KapOOKaTHOHOB
B peakuuax Sy l.

Brepsrle cTporue Gu3NYeCKHe JOKa3aTeNbCTBa AByX THIIOB HOHHBIX
nap OputH momydensr M. Cmuzaom B 1965-1966 IT. mpu H3ydeHHH
Y®-criekTpoB MIENOYHBIX cosell KapOaHuOHOB. CIIEKTPHl MOIVIOMIEHHUs
HOHHBIX HNap CyNIECTBEHHO OTIHYAIOTCH OT CHEKTPOB IOTIOIIEHHA
cBoOOmHBEIX MOHOB. [IpH M3MEHEHHH CTPYKTYph! HOHHOH IMaphl Takxe
MPOUCXOAUT CABMI IONOC NOTIOMIEHUS B YOD-UIH BUIUMOM CIIEKTE.
Tak, nanpumep, Y®-cnekrp HarpHeBoit comu (uyopena FENa® B
TI'® npu 25°C cogepkuT MONOCY MODIOLIEHUS NpH 356 HM, KOTopas
3aMeHsaeTcs npu bonee HH3KOH Temmeparype (—50°C) HoBOH nojo-
coit npu 373 M. OTHOCHTEJIbHAas MHTEHCHUBHOCTH IBYX 3THX IIOJIOC
TIOITIOIIEHHs! HE MEHSETCS HU IpH paz0baBlIeHHHM, HY NPH BBENECHHH
HOBOH conu — TeTpadernnbopara Harpus (C¢Hs)sBONa®, conepxa-
mero onmouMeHHel katuon Na®. Dnexrponposoanocts pacTBopoB
mienouHbX coneit gpnyopena FEM® B TI'® upesspluaitHo Mana ams
TOTO, YTOOBI TONBITATHCH OOBACHUTH HAOIONIAEMBIS PA3THYHA B CIIEKTPE
nuccolanyei Ha cBobonHbIe HOHBL. O6paTHMEIe H3MEHEHHS B CIIEKTPE
normomenus FONa® npu sapbupoBanuu TeMmiepaTypsl ONpeneaeHHO
YKa3bIBAIOT, YTO B CUCTEME COCYIIECTBYIOT ABa THUI1A YACTHII, TPHIEM HH
OJIHa U3 HUX HE UMEET CTPYKTYpHI cBoGoAHOrO HoHA. Ha Hanudne uib
IBYX (OPM COBEPIIEHHO OINpEAENIeHHO yKa3blBaeT #H u300ecTHUecKas
TOuKa, Habnrofaemas pu foOaBiIeHUH 04eHb MaTbIx konndects IMCO
HWIH TeTpariuMa K pacTBopy (IyopeHMINHTHS B JyoxcaHe Bce st
HaOroneHus 6bUIM HHTEPIPETUPOBAHBI TAKUM 00pa3oM, 4T0 B pacTBOpE
IPUCYTCTBYIOT KOHTAKTHBIE H COJILBATHO-PA3/Ie]ICHHEIE TTaphl, HAXOMsi-
IIHECS B PAaBHOBECHH:

FEM® + S = FOS,M?,

e S — pacTBOPHUTEIb.

JlpyruM He3aBHCUMBIM HOJTBEPXKISHUEM IPHPOALI DTHX HOHHEIX
Iap SBJISIETCA IOJOXKEHHEe MAKCHMyMOB momtomneHdus. Ilpu HuM3kux
TeMreparypax or —20 no —50°C ans JIHUTHEBHIX M HaTPHEBBIX CO-
el ¢QryopeHa MMeeTcs JNHIIb [OJ0CA C MAKCHMYMOM IIOTVIOHICHHS
upu 373 HM, 4TO ONpEACIEeHHO YKa3blBaeT Ha €€ NPUHANJIEKHOCTH K
CONbBAaTHO-Pa3A€ICHHBIM MOHHBIM napaM. (i 3To# (OpMBI HOHHBIX
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Tabauna 3.18
3aBHCHMOCTL Amax MOMIOIMEHMA OT KPHCTaLa0rpadHuecKoro
paaMyca KaTMOHA JJIS IHEJIO4HBIX cojieii ¢ayopena B TT® npu

25°C

Karuon re, A Amax, HM
Li* 0,60 349
Na* 0,96 356
K 1,33 362
Cs* 1,66 364
NBy* 3,8 368
ConbBarHo-pasnenexHas 4,5-5,0 373
HOHHaA Iapa

CsoGoaublii MOH - 374

nap ¢ryopeHa HOJIOXEHHE MAaKCHMyMa HE 33BHCHT HH OT pa3mepa
NPOTHBOHMOHA, HU OT MPHPOJBI paCTBOPHUTEIIA, €r0 MONoXKeHHe OIIH3KOo K
MaKCHUMyMYy nornomeHus csobdonnoro uona 8 IMCO. Jlina KOHTaKTHBIX
HOHHBIX IaP Amax TEM MeHbINE, YEM MEHBIIE pa3Mep KaTHOHA, MpudeM
HaOIogaeTcs Xopomas JHHEHHAS KOPPEeLAUs OI0KEHUA MaKCUMyMa
[IOTTIOMIEHHUs OT OOPaTHOM BEIMYUHBI KPHCTAILIOrpadHUECKOro paauyca
KaTHOHA — 3aBHCHUMOCTH, XapakKTepHas i1 KOHTAKTHBIX MOHHEIX IIap.
Ha paBHOBecHe B pacTBOpe MeKAy IByMs (GOpMaMH HOHHBIX IIap
CUITbHOE BIMSHHE OKa3bIBaeT NpHpoja KarHoHa. KaTHoH ¢ OonbmuMm
paauycom B TI'd, AMD, Terparmume u T. . COILBATHPOBAH cl1abo, M0-
3TOMY BO BCEM TeMIeparypHOM uHTepBaste oT 50° no —70°C ne3uesas
conb $yopeHa obpasyeT TOIHKO KOHTaKTHBIE HOHHbIE Tapsl. [Tono6Hoe
noBefieHue xapakrepHo 1A K-, Rb- ¥ TeTpaankuiaMMOHUHHEIX colel
¢dnyopeHa u ApyTuXx KapOaHHOHOB B 3)UPHBIX PACTBOPUTENINX, & TAKKE B
TUIOIAPHBIX aIPOTOHHBIX pacTBopuTensx. Hanporus, HaTpHeBas colb
tbnyopena g TI'® o6pasyer IpUMEpPHO paBHBIE KOIHUECTBa OOEHX
dopm wmonHBIX map mpu —30°C, TOorZa Kak JIHTHEBas CONb HHXKE
0°C Haxomutcs B opMe COJIIBBAaTHO-Pa3JelIeHHBIX HOHHBIX map. Jloms
COJTBBATHO-PA3ICNEHHEIX HOHHBIX [1ap INEJIOMHBIX cojell kapOaHHOHOB
ymenpimaerca B paay: Li® > Na® > K® > Rb® > Cs® > NR?. Baro-
XPOMHBIH CABHI TIOJOCHI IMTOTIOIICHHS, CBS3aHHBIA C YBEIWYEGHHWEM
PaIMEePa KATHOHA B KOHTAKTHOW MOHHOM Nape, 00yCIOBIEHHBIH POCTOM
pa3’Mepa KaTHOHA B KOHTAaKTHOW HMOHHOHN nape, aHANOTHYEH TI0 CBOEH
mpupoje OaTOXPOMHOMY CABMIY UPH INpEeBPAllleHHMH KOHTAKTHBIX B
CONILBATHO-pa3feIeHHbIE HOHHEBIE naphl (Tabm. 3.18).

XapakTepHo, YTO [0J0CH! TOTIOUIEHHS JUIS COIbBAaTHO-Pa3ielIeHHOH
HOHHOH maphl U CcBOOOMHOrO HOHAa O4YeHb ONM3KH H AIA MHOIHX
JPYTHX coiedl KapOaHHOHOB IPAKTHYECKH COBNAAAIOT, YTO H CIENOBAJIO
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OXKUOATh, HCXOs H3 OOJIBIIIOr0 paHyca COLBaTHPOBAHHOTO «U3HYTPH»
KaTHOHA B COJIbBATHO-Pa3/leJIeHHOH HOHHOH nape. OTH CHEKTPOCKONH-
YecKHe JaHHbIE B COBOKYHMHOCTH JOKa3hiBalOT BO3MOXHOCTBH OJHOBpE-
MEHHOTO CYIIECTBOBAHUS B PacTBOpe ABYX (hOpM HOHHEBIX Iap. B Goiee
OCHOBHEIX 3(MPHBIX PACTBOPHTENAX, TAKKX KaK JUMETOKCHITaH (AM3),
JHUITIAM, TETPAriuM, 10J15 CONbBATHO-Pa3AeIeHHBIX MOHHBIX map A Li,
Na-comu 1 K-conu ¢nyopena pesxo Bozpactaet, a B JIMCO mpoucxogut
)K€ ITUCCOIMALMS HOHHBIX Iap. DTO O03HA4aeT, YTO He MNOJNSAPHOCTD
PACTBOPHTEIS, @ €r0 OCHOBHOCTH SIBISETCS ONPENEISIOMIUM (aKTopoM
JUIs iepexofia KOHTAaKTHOW MOHHON Haphbl B COJBBATHO-pPAa3fCICHHYIO.
O6bscHeHHe 3aKIoYaeTcsa B 6ojee CHIBHONM CONMBBaTALKMU INENOYHOIO
KaTHOHA TIIMMaMH, T. €. OCHOBHOCTH CPElbl HI'PAET PEIIaoNlyl0 pOJb
B TIpOlleCCe HOHM3AIMH METAUIMYECKHX MPOU3BOAHBIX YIIIEBOAOPO-
o RM.

IlonoOHblEe 3aKOHOMEPHOCTH HAa NPOTSHKEHHU TIOCHENHUX JBajia-
TH JIeT HEOOHOKPATHO HaOAIONAIHCh NMPH aHAJHU3E CIIEKTPOB IIOIJIO-
menuss B YO u BUAMMOH 00NacTH ONs HISIOYHBIX Ccolieit Opyrux
KapOaHHOHOB — TPUGEHUIMETHIAHHOHOB Ar;COM®, Gensruapunanu-
oo Ar,CH®M®, 6ensunanuonos ArCHYM®, nponaprunanuonos

RCEC—SHRM@, AJTMIAHMOHOB U T. A. JIJIs 3TUX aHHOHOB OBUIO yCTa-
HOBJIEHO, YTO KOHTaKTHBIE M COJIbBATHO-pa3/IEJ€HHbIE MOHHBIC Iapbl
cocymecTBytoT B TT'®, IM3 U NOJIHINMMax U NOJIOXKEHHE PAaBHOBECHS
MEXIY HUMH 3aBHCHT OT NpHpONbI KapOaHHOHA, KaTHOHA MICIOYHOIO
MeTalljla H CONbBATHPYIOUIEH CIOCODHOCTH pacTBOopHTENL. B oTiauuue
OT LIENIOYHBIX COJIeil KapOaHHOHOB AJKOTOJIATH, (DEHOIATH U EHOJIATHI
LIETOYHBIX METAIUIOB, [T0-BHAMMOMY, CYILECTBYIOT B BHA€ KOHTaKTHBIX
HOHHBIX Iap B HEAUCCOLMHPYIOMIUX cpelaX. DTO YTBEP)KIECHHME OCHO-
BBIBA€TCSl HA TOM, YTO BEIMYHMHBI MAKCHMYMOB MOITOIICHUS IS 3THX
conei B YD-crekrpe, Kak INPaBHIO, JIMHEHHO KOPPETHPYIOT C BEIH-
ynHoi 1/r,, THE F. — KpUCTAIUTOrpadUUecKuil paauyc KaTHoHa. Takas
3aBHCHMOCTD PACCMATPHUBAETCS KAaK XapaKTEPHBIA M BEPHBIM IPH3HAK
HaJU4Msi UMEHHO KOHTaxkTHOU (opmbl HOHHOH mapel. B aumonspHbIX
aIpOTOHHBIX H [OJAPHBIX IPOTOHHBIX PACTBOPUTENSIX IIENOUHBIE ajl-
KOTONATEI, (DEHOMSATHI M EHONATHl YACTHYHO JIMCCOLUMHUPYIOT NPSMO U3
KOHTaKTHOM MOHHOI napkt ¢ 00pa3oBaHueM «CBOOOMHEIX» aHHOHOB. JIis
HUX HabnIonaercs NMPeBOCXOAHAS JIMHEHHAs KOPPEISIH MEXKIY Amax
NOIMIOIIeHH 1 0OPaTHOM BEIMYHHON KpHcTaILIOrpaduyecKoro paanyca
1/r. — 3aBUCHMOCTb, THIIMYHAS IJIs KOHTAKTHBIX MOHHBIX Map.

OTU CONMUM B MATOOCHOBHOH M MANOIONSPHON Cpeae CHIbHO ac-
COIIMHPOBaHbEl B IUMEpPLI, TPUMEphl U 0O0Jiee BBICOKME arperathl KOH-
TAKTHBIX HOHHBIX Nap (. 17). B JUNONSPHEIX alpOTOHHBIX PAacTBO-
pUTENSAX 3TH arJIOMEpaThl KOHTAKTHARIX MOHHBIX ITap pa3pylialoTcs Ha
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MOHOMEpBI, KOTOpble YacTHYHO Auccouuupyor B JIMCO, 'MODTA,
N-merunnuppoaunone, JJM®DA, HO He B allETOHUTPHUIE, OCH30HHTPHIIE,
He 001a1arKUX BEICOKOH MOHU3UPYIONIEH CIIOCOOHOCTHIO.

JanbHelee ycnoxXHEHUE NPOoOIeMbl aCCOLMALIMY HOHOB 3aKITF0Ya-
€TCs B TOM, 4YTO B HEKOTOPBIX CIy4asiX BO3MOXHO OOpa3oBaHHe JBYX
(OpM KOHTaKTHBIX HOHHBIX nap. IIpomomxas u3ydyeHHE KOHTAKTHBIX H
COJILBATHO-PA3JEICHHBIX HOHHBIX nap, CMuJ u3y4us BIHSHUE OYEHD
HeOOJIBIIUX H0OaBOK KOMILIEKCOOOPA3yIOIIMX areHTOB Ha CIIeKTp [o-
TIONICHHS LIENIOYHBIX conel guyopeHa B THOKCaHe, Iie CONMU diryopeHa
HaxoJATCA TOJNBKO B BHAE KOHTAKTHBIX MOHHEIX map. [Ipu BBeneHuu
COM3MEDPHMBIX C KOHIEHTpalUeil coseil ¢pnyopeHa KONHIeCTB MOTHIIH-
MOB HJIH, YTO €lle Iydile, KpayH-TOIHI(PHPOB HAOIIOHaNCs Nepexon
OOBIYHBIX KOHTAKTHBIX HMOHHBIX IIAp B TAaK HA3LIBa€Mble «BHEIIHHE
KOMIUIEKCHBIE KOHTAKTHBIE MOHHBIE maps» FEMPS, (rne S — monexyisl
IHMMa Win KpayH-nomud¢up). [lpeamonaraercs, 4ro KaTHOH B 3TOH
(opMe HOHHEIX Nap CONBBATHPOBAH TOJIBKO IO NepudepH MOHA H B
MEXHOHHOM NMPOCTPAHCTBE HET MOJIEKYJ PacTBOpHTENS. DTO NIPHBOTUT
K 0aTOXpOMHOMY CHBUTY MakCHMyMa IOIVIONIEHHS, KOTODHIH, ONHAKO,
HE JIOCTUTaeT BEIMYHMHBI, XapaKTEpHOW U1 COJLBAaTHO-PA3ACICHHOM
vonHo#i mnapsl. IlomoOHag jxe kaprusia HaOmonangace AN MIETOYHBIX
cone#t 1,3-mudenunbyrena-1 u 1,3-gudenmnnponena-1, ans KOTOpbIX
3KCIIEPUMEHTabHbIE JaHHbIE ObUTH HHTEpUIPETHPOBAaHBI TAKHM 06pa-
30M, YTO B 3QHPHBEIX PAacTBOpaX YCTAHABIUBAETCS PABHOBECHE MEXAY
TpeMs GopMaMH HOHHBIX TIap — ABYX KOHTaKTHBIX U OJHOH COJIBBATHO-
pa3AeIeHHOH.

B Hacrosiniee BpeMs MpeICTaBICHNUA 0 KOHTAKTHBIX M COIILBATHO-pa3-
JIENEeHHBIX (OpMax HOHHBIX Iap COCTABIIAIOT XOpOmo 060CHOBAHHYIO H
JIOCTAaTOYHO CTPOTYH0 CHCTEMY B3IJISIOB, ONMHPAOIyKOCcs Ha Oorarsit
W pa3HooOpasHpll (QakTHYecKHH MarepHal B XMMHH KapOaHHOHOB H
KapOxaTHOHOB. JIJIT MHOTHX M3 3TUX YacTHII YAAIOCh JAXKE ONPEACHUTh
HHAMBHUYalbHEIE KOHCTAHTHI CKOPOCTH MX y4YacTHs B CamblX pasHoO-
obpazusix Sy2- u Syl-peakuusx 3aMemeHHs Y HACHIIICHHOIO aToMa
yDiepofa.
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AJIKaHBl — 3TO IPOCTEHIIHH KIACC OPraHHYECKHX COCAMHEHHH, HE
comepKamux Kakod-mubo ¢yHKIuoHaNbHOR rpynnsl. Jlpyroe HazBa-
HUE DTHX COENUHEHH — npedenvhble Y2n1es8000podsl — OTPAXaeT Npy-
I'yI0 OCOOEHHOCTD, 3aKIKOYAIOIIYIOCS B TOM, 4TO BCE aTOMBI yIjiepoaa
CBA3AHBI MeXJy coDOif IoCpescTBOM OAMHapHOH cBsi3n. Obuias ¢op-
Myna ankaHoB — C,H(z,+2); 13 HEPa3BETBICHHBIX aJKAHOB C JUIMHHOM
IEMOYKON yIIIepOA-yIJIEPOIHOH CBA3M OHa MOKET OBITH BHIpa)KeHa Kak
H—(CH;),—H. CemMeiicTBO pOACTBEHHEBIX COCIHHECHHIA C OJUHAKOBOH
obmei GhopMyaoH, pazTUYalOIHXC APYT OT Ipyra YHCIOM METHIEHO-
BeIx rpynn CHj,, Ha3piBaeTcs 2omonozuneckum padom, a CHy-rpynma —
20Mon02utecKoll pasHuyeli, OTINYAIoIIeH 1Ba COCEIHUX YIEHA FOMOJIO-
ruyeckoro psaga. Hepa3BeTBlEHHbIE allKaHbl HAa3bIBAIOT HOPMAAbHbLIMU
arKaHamy JUIL TOTO, YTOOB! OTIUYHUTE X OT aJIKAHOB C PA3BETBICHHOH
LENBI0 YIIEPOA-YITIEPONHBIX cBsized. [oMonorudeckuil psja ankaHoB
COJICPKUT MPAKTUYSCKH JIF000€ YHCIIO TOMOJIOTOB, T. €. BEIIMYHHA 71 A7
3TOr0 I'OMOJIOTHYECKOTO psiia MOKeT OBITh oueHb Oonpmioil. [Tonuatn-
aeH uu3koro papnenus (CHy; —CHs),, nonydyeHHBIH TpH TIOTHMEpU3alliK
3TWJIeHa Ha katann3aropax [{urmepa—Harra (1. 5), naer ybenurennHbie
J0Ka3aTeabCTBA TOTO, YTO YIIEPOA-YIICPOAHBIC LEMH MOTYT OBITH
[TPaKTHYECKH OECKOHEUHON MIIHHBL.

HacpleHHbIE yIIEBOAOPOAS! HIHPOKO PACIPOCTPAHEHBI B IPHPOJIE.
IIpupoanslii ra3 u HedTH NpEACTARIAIOT CODOH ITAaBHBIM 00pa30M cMecH
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du3uuecKHe cBOHCTBA AJIKAHOB

Tabauna 4.1

Temne- Temne-
a aTypa
Ankad dopmyna p:;[’;g_ fﬂgﬂpe_ ITnotHocTs, r/Mn
Hus, °C Hui, °C
Meran CHj4 —162 —183 0,415 npu —165°C
Brau C2Hg —88 —-183 10,561 npu —100°C
Iponan C3;Hg —42 —188 |0,583 npu —45°C
#-Byrau #-CsHyo -0,5 —139 ]0,579 npu 0°C
CH;
2-Meruwmponan | CH;CHCH; -12 —160 |0,557 npu —25°C
CH;
ﬁifof;;"m"“ CH;—C—CHj 9,5 —16 |0,613
CH;
u-IleHran 1-CsHyz 36 —130 10,626
2-Metunbyran | CH3CHCH,CH; 28 —-160 10,620
CH;
n-T'ekcan n-CeHi4 69 —95 10,660
2-Merunnenrtad | CH3;CHCH,;CH;CHj; 62 —153 10,653
CH;
n-T'entan #-C7H¢ 98 —91 10,683
H-OxTan n-CsHs 126 —57 10,702
CH;
CH;
f;f;ifﬁ;fga H;C—C—CECH; 106 100 | 0,656
! CH;
CH3
CH;
2,2,4-TpuMeTi- | oy, ¢ CH,—CHCH; 99 ~107 0,692
[IEHTaH ~
CHj
CH3
#-Honau #-CoHyg 151 —53 |0,718
H—I[eKaH H-C]()sz 174 —30 0,730
H-YHJeKaH #-C11Haa 196 —26 (0,740
H-IIOlIeKaH H-C12H26 216 —10 0,748
n-Tpuaekan n-C13Hzg 235 -5 10,756
n-Terpanexan #-C14Hso 254 6 |0,762
u-Ilenragexan n-CysHsz 271 10 0,768
u-Texcanexan #-CisH3g 287 18 | 0,776
H-DHKO32H H-CooHaz 343 37 [0,788
H-TpuakoHTaH n-CioHs2 235 npu 66 |0,799
1 MM pT. CT.
n-Terpakortan | H-CaoHs2 260 opu 81
3 MM pT. CT.
n-Ilenrakoutan | H-CsoHjg2 420 npu 92
15 MM pr. cT.
n-Texcakouran | u-CeoHizz 99
n-Tenrrakonran | #-CroHi42 105
n-T'exran H—Cmon()z 115
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npeieNibHBIX  yrieBogoponos. OCHOBHOH COCTaBIAOLIEH NPHPOAHOIO
rasa SBAsSeTCs METaH, 10JIst KoToporo komebiercs ot 70 10 95%. Ankausl
C1—Cy4o SBIAIOTCS OCHOBHOM COCTaBIsrOLIeH He(TH, Iie Hapsaay c
[penelbHBIMH YITICBOIOPOAAMM COJEPKATCS [IMKIOAIKAHbI, apOMaTH-
YECKHE YITIEBOJOPONEI, CEPHUCTHIC COCAMHEHUS U APYTHE KOMIIOHEHTEIL.
B He3HayuTeIbHBIX KOMHYECTBAX NpeachbHbie yriueBoaopoasl Cr—Csg
colepkarcd B MpupojHbix Bockax. Horakozan CyyHgy Oblnm BhLIENnEH
M3 JIMCTBEB KamycTsl, a yrmesoaoponsl Cy7Hse u CyyHgs conepxarcs B
MTYETHHOM BOCKE.
duszpyecKe CBOMCTBA aJIKaHOB NIPEACTaBICHbI B Tadm. 4.1,

4.1. HOMEHKJIATYPA AJIKAHOB

HopmanbHble ankaHbl HMEIOT Ha3BaHMs, IPOHUCXOIIIHE OT Ipeye-
CKHMX YMCIHTEIbHEIX. Pa3BeTBIeHHEIEC aJIKaHBI HA3BIBAIOT 110 CHCTEMa-
tuueckoir HomeHkiaatype MIOIIAK. IloapobHoe omnucaHue cHcTeMa-
tHUeckoit HoMmeHknarypsl MHOITAK MoXHO HalTH BO BCEX BBOIHBIX
Kypcax OpraHuYecKOR XWUMHH [ CTYJSHTOB MEPBOTO rofa oO0ydeHus
sToi aucuumiuHe. TaM xe obcyxnaercs sBICHHE MIOMEPUH OPraHu-
YecKuX coeduHeHui. B sTtoM pasmene OyoyT HIpHBEAEHBI HEKOTOPHIE
IIPUMeEPBI, HIUTIOCTPUPYIOLIME OCHOBHBIE NTPUHIUIIBI CUCTEMATHYECKOM
HOMeHKIaTyphl. Ha3zpanus npenenbHBIX YDIEBOJOPOJIOB XapaKTepH3y-
FOTCSl OKOHYaHHEM «aw». Bce pa3BeTBiieHHBIE alIKaHBl PACCMaTPHBAKOTCA
KaK TPOUM3BOMHLIE YITIEBOIOPOAa ¢ HauboJyee MTHHHON LENbI0 aTOMOB
yoiiepoja, coiepykalleil OmHY WIM HECKONBKO AJKMILHEIX TPYNI B
KayecTBe 3amecTurenei. Hymepanus nanboree quuHHON LENU Hadd-
HaeTcs C KOHIA, OMpKalniero K IepBOMY pa3BeTBIeHHI0. Kaxiplit
3aMecTHTeNb B Iend 00o3HagaeTcss NUQpPoH, W IPYNNEI HAa3bIBAIOTCS
B andaButHOM mopsnke. Ecnu npu ogHOM M TOM Xe atoMe yriepoia
HaxOJIMTCS JIBa 3aMECTHUTENs, Hbpa, YKa3bIBAKOINas MOJI0XKEHHE DTOT0
aToMa yIJIEpona B LE€IH, IIOBTOPSAETCS JBaKIbl. [[JIs OQHHAKOBRIX 3aMe-
cTétenel ynorpeOasroTcs nmpeduKChl AH-, TPU-, TETpa-, IEHTa- H T. 1.
Ecnu uMeroTcs IBe HENMU OAWMHAKOBOH JUIMHBI, BHIOHpAETCs Ta U3 HUX,
KOTOpasg COJNEPKUT Haubonbllee YHCIO 3aMecTUTeNei. DTH Tpasuia
MOKHO HaITIA[HO NPOMIIOCTPHPOBATE Ha CHEAYIOIIHX IIpUMepax:

CH;

I
CH;—CH,—CH,;—CH;—CH—CHj;
6 5 4 3 2 1
2-MeTHJreKCaH

i
CH;CH,—CH—-CH,;—CH,;—CHj3;
1 2 3 4 5 6

3-MeTHUNATeKCaH
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CH; CH;

s

CH; —CH—CH—-CH—-CH;
1 2 4 5

CH;
2,3,4-TpUMETHIINCHTaH
CH; CH,—CH3;

CH;—CH—CH,—CH—CH,—CH;
! 2 3 4 5 6
2-MEeTHII-4-3THIII€KCAH

CH;

|
CH;~C—CH,~CH,—~CH,—CHj
1 ‘2 3 4 5 6

CH;

2,2-AMMETUIITEKCAH

CH; CH;
CH;—C—CH,;—C—CHj;
! ’2 3 14 5
CH; CH;
2,2,4,4-TeTpaMeTHIITICHTaH
C3 H7
1 2 3 4 I 6 7 8
CH3 “CHz “CHZ "‘CH“?H“CHZ _CH3 _CH3

C,H;s

5-nponmui-4-3THIOKTak
7 6 5 4 3 2 1
CH3—CH2—CH—CH—C|H—-CH—-CH3
CH; CH; CH3; CH;

CH,

|
CH,

2,3,5-TpUMETHII-4-TIPOTTHIITEITTaH

(|:H3 C|H3 CH;
CH;—-CH—CH,—CH,—CH—-CH—-CH,—CH3;
1 2 3 4 5 6 7 8

2,5,6-TpUMETHIIOKTAH



Ecnu mmMerores TPH 3aMECTHTECIISA, M3 KOTOPBIX JABa HAaXOUATCSA Ha
pPaBHOM pPAacCCTOSIHHMM OT Kpas HEIH, HyMeEpalds IIPOBOIMTCA TaKuM
06pa30M, 4TOOBI cpemmﬁ 3aMECTHTEIIb HMeJ HauMEHbIIHA HOMCED:

6 5 4 3 2 1
CH3—CH—CHz—c':H—(I:H—CH3
l
CH; CH; CH;

2,3,5-TpHMETHIITEKCaH
1 2 3 4 5 6 7 8
CH;—CH-CH;—CH—CH, —CHz—?H—CH3
I

CH; CH; CH;

2,4,7-TPUMETHIOKTaH

B Oosee CIOXKHBIX CIydasX pa3BETBJIICHHBIH 3aMECTHTENh caM 000-
3HAYaeTCsA B COOTBETCTBHMH C TEMH )K€ MIPUHILUIIAMH 110 CBOEH Hanbosee
JUTHHHOH LENH, HaYHHAA OT aToMa, IPHCOEIHHEHHOTO K INIaBHOH IIeTH.

CH;—CH—-CH3
CH—CH;

1 2 3 4 S 6 6 7 8 9
CH;—CH;—CH;—CH;—-CH—-CH,—CH,;—CH;—CH;—CH;

5-(1,2-AMMETHANPONHUIT) HOHAH

4.2. KOHOOPMAIUHA DTAHA U ITPOIIAHA

MeraH, 5TaH, OpOHNAaH H HUX TOMOJOTH HMEIOT TETPa’ApU4YeCcKoe
CTpoeHHE. MOXXHO MPEACTaBUTh, YTO HX YIIEPOA-YIIISPOHAHBIC CBA3H
06pa3oBaHbl NEPEKPHIBAHUEM Sp°-TUOPHIHBIX OpOMTAsIel KaXIoro H3
aToMOB yriepoaa, a cBssb C—H — nepexpbiBanueM sp*-ruOpuaHOi
opburany yriaepona H ls-opbutanmu Bomopoma (cM. ©mi. 1). [lim-
Ha C—C-cssn cocrasusier 1,54 + 0,01;\, a mmHa C—H-cBsizy —
1,095+0,01 A. Takast reoMeTpHS MOJIEKYJT aJIKAHOB IPHBOJINT K BAXKHBIM
CIIEACTBHAM. YINIEPOA-YINIEPOAHAs o-CBsA3b 00nagaer HUIMHAPHYECKON
OCBI0 CHMMETPHH, T. €. CEUCHHE 3TOH o-OpOHTaNU mpeJicTaBisieT coboi
Kpyr. Takoi THII CHMMETPHH 0-CBA34 JOMYCKaeT cBOOONHOE BpanieHHe
BOKPYI' HPOCTOH OAMHAPHOH YIICpOI-YIIIEPOMTHOH CBS3M B ajKaHax,
MOCKONBKY TIPY BPAIICHHH IIEPEKPBIBAHUE MEXIY Sp°-THOPHIHBIME
OpOHTATAMH COCEIHUX aTOMOB YyIJIEpoJia He HApYIIaeTCsl.

Pa3nuyHble IPOCTPAHCTBEHHBIC ()OPMEI MOJIEKYJ, BO3HUKAIONIHE B
pe3yabTaTe BPAanleHHs BOKPYT IPOCTHIX OAMHAPHBLIX YITIEPON-yIiepoi-

11—3897 321



HBIX CBS3€H, Ha3pIBalOTCA KoHphopmayusmu. CyliecTBYET ABA OCHOBHBIX
crmocoba u300pakeHHs KOH(MOpMalMid ONHOH M TOH KE MOJEKYbl,
B onHOM M3 HUX Monekyily H300pakaloT B BHIE IIePCHEKTHBHOMN
MPOEKIUH, Ha3pIBaeMOM (HOPMOil THIIA «JIECOMMWIbHEIE KO3Iby. B aToM
MePCTIEKTHBHOM MPOEKIIMK MOJIEKYIy H300pakaiT TakuM 00pa3om, Kak
OHa BBINIAJIUT, €CJIH HaONIoaTeNs pacCMaTpUBaET €€ BIOJEL JTHHUH CBA3H
IBYX aTOMOB yriiepoa. [Ipu 5ToM Kaxaplit 3aMeCTUTENE IPH 000UX aTo-
Max yIIepoja B KaKIOH KOH(GOPMAIMH 3aHUMA€ET CTPOTO OIpe/IeNIEHHOe
IONOXKEHHE B IPOCTPaHCTBE. JKHUPHBIMU TMHUAMH H300paXKaroT CBSI3H
3aMEeCTHTeNe, BEIXOAAMHE U3 TUIOCKOCTH PHCYHKa IO HANPAaBJICHHIO K
Habnonarento. OOBIYHBIME THHUAMU H300PAXKAIOT CBA3U 3aMECTUTENIEH,
JieKaniue B INIOCKOCTH pHCYHKA. [IyHKTUPHBIMH THHUAMH H300paxkaoT
CBA3M 3aMECTHUTENICH, Jexalnue 3a IUIOCKOCTBIO pHCYHKa. borbiiee
PacHpOCTPaHECHUE MONYUHIIN 0ojice YROOHBIE TLIOCKHE IMPOEKIIHOHHEBIE
tbopmyner Heromena. st mocTpoeHHs npoeKUHOHHBIX ¢opMyin Helo-
MeHa BBIOHpAOT YIIEPOA-YIIEPOAHYK CBf3b, BOKPYTI KOTOpOH Inpo-
HUCXOAMT BpallieHHE BCEX OCTANBHBIX TPYIN. JTY OCh NPEACTABISIOT
cebe mepeHIUKYIPHON K ITTOCKOCTH PHCYHKA. 3aHUI aTOM yriepoaa
H300paxkaloT B BUJE KPyra, a IepelHHi — B BHJIC TOUYKH B IIEHTPE 3TOTO
xpyra. JluHuM, HalnpaBleHHblE U3BHE K IIEHTPY Kpyra M CXomsIuecs
B IEHTpPEe Kpyra, HOKa3bIBAIOT CBA3M Onmxaiiniero k HaOmomaTeirio
aToMa yriuepona. JIMHUM CBSI3M yOAalNEeHHOro aroMa YIiepoAa NOXONAT
TOJIBKO 10 Nepudepun kpyra. [IpenMymecTBo INOCKUX IPOEKIIHOHHBIX
dhopMyn 3aKIIOYaeTCs B TOM, YTO Ha HHX Cpa3y OTUETIMBO BUIHBI
[IPOCTPAHCTBEHHBIC B3aUMOOTHOLICHHS MEXK/Yy 3aMECTHUTENIIMH ¥ 000MX
aTOMOB YIJIepoza.

Ha puc. 4.1 npuBeneHsl 1Be IKCTpeMallbHbIE KOHQOpMAIK 3TaHa
B BHJI€ MPOEKIHOHHBIX (opM HploMeHa H HepCIeKTHBHBIX (opMyI.

H e, H
H H
a
H HH
H H
H
H H H "
H Puc. 4.1. IlepcnexktuBHble HopMynbl (a) U
g npoexuun Heiomena (6) 1u1s 3aTOpMOXKEH-
3aTOPMODK eHHas 3ACNOHEHHAR HO# M 3aciIOoHeHHOH KOoH(bOpPManui 3TaHa
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KoudopMmauus ¢ caMoil HU3KOH COOCTBEHHOW 3HEprueil Ha3bIBaeTCs
samopmoodicennoll (Apyroe ee Ha3BaHHE -—aumu-popma). B 31Ol KOH-
(opMaluK BCe 1IECTh aTOMOB BOJIOPOAR 3TaHAa MaKCHMMAaIIBHO YAaJIEHEI
npyr ot apyra. Korgopmanus ¢ Haubonbuied coOOCTBEHHOM »Hepruei
HA3LIBACTCS 3acrodenHol (Opyroe HazBaHue: cux- UIMH yuc-hopma).
B Heit Bce aToMBl BOOOPONIa MAKCHUMAJIBHO COMIMKEHEI B [IPOCTPAHCTBRE.

Yucno xoHopMalnil i 3TaHa, €CTECTBEHHO, HE OTPaHHYEHO 3a-
CIIOHEHHOM U 3aTOPMOXXEHHOM, a8 6eCKOHEUHO BETHKO. 3aTOPMOXKECHHAS U
3aCI0HEHHasA KOHQOPMALHY [IPeICTaBIIAIOT THIIIb Haubonee 1 HauMeHee
CTaOMIBHYIO U3 HUX.

OpHako BpalleHHE BOKPYI OIMHAPHOH YIIEepOoI-yrIepOAHOH CBS3H
HEe MOJXKET ObITh a0COMIOTHO CBOOOIHBIM, U IS IpeBpalieHus Haubomee
cTabUNBpHOH KoH(OpMalMM B HauMeHee cTabWiIbHYI0 Tpebyercs mpe-
OIIOJIETH PHEpreTHUecKuit Gapoep. [lns 3TaHa 3TOT OGapbep OYEHBH Mal
U, CONIACHO SKCIIEPHUMEHTANBHBIM JAHHBIM, COCTABIAIET 2,9 KKal1/MOIb.
Ilepexon u3 3aTopMOKeHHOH B 3aCITOHEHHYIO KOH(OPMAIHIO [UIS 3TaHA
JOCTHraercs MOBOpOTOM Ha 60° oTHOCHTENnBHO ABYX cBszeit C—H:

8=60° ne 0°
H
H H noaopo'r Ha 60° V3MeHeHHe
ca00oaHoA
3Heprum Fubbca
H T H 46°= 29 kxanfmone

Tax kax Oapbep BpalleHUs COCTABISET 2,9 KKaJi/MOIIb ¥ B 3acio-
HeHHOH KOHGbOPMAIlMKM PEeaH3yIOTCS TPH OJMHAKOBBIX 3aCIOHEHHBIX
B3aumopeitcTBus C—H cBs3eil, 3Heprus KakI0T0 U3 3aCIIOHEHHBIX B3aH-
MOZIEHCTBHH JBYX aTOMOB BOJIOPOJIa COCTABIIAET IIPUMEPHO | KKaj/MolIb.
baprep BpallleHHs sBAsETCS JHEPTHEH HAUPSKEHUS B 3aCIOHEHHON
KOoH)OPMAIMK 3TaHa. JTO HANpKEHHE [0 CBOEH NpHpoje sBIAercs
MOPCUOHHBIM HANPAJCEHUEM, JHEPTUS TOPCHOHHOTO HANPSDKEHHS IBYX
aTOMOB BOJIOPOZIa COCTABISIET 1 KKall/MOJb.,

IMpupony Bo3HUKHOBEHHS Oapbepa BpalleHHS MOXHO OOBSICHHTH
ciaenyronuM obpazoM. Mi3meHenwe kKoH(OpPMAKH MOJEKYIB 3TaHa
CBA3aHO C USMEHEHHEM TOPCHOHHOI0 JIBYTPAHHOIO YINIa MEXAY ILTOCKO~
CTAMH, OIHA H3 KOTOPHIX NpoxonuT yepe3 C—C-cBA3b U aTOM BOAOPOAA,
CBA3aHHBIA C 33JHUM aTOMOM yIjiepona, a apyras — uepez C—C-cBs3p
M aTOM BOJODPOAA, CBA3aHHBINA ¢ IEpeHHM aToMoOM yriiepona. B 3acio-
HEHHON KOH(OpMAallMW TOPCHOHHBIH yroin © = 0, a B 3aTOPMOXKEHHOH
© = 60°. 3aBucALIasg OT TOPCHOHHOTO YIVIA BHEPTHUS MONEKYJIB SBISETCS
CYMMOH YETHIpeX ClTaraeMbIX:

ET Vne + Vnn Vee + EKP[HGT’

rne V,. —NOTeHIMANTbHAs SHepryds B3aHMOCHCTBHS 3IIEKTPOHOB CBS-
3u C—H c sanpamu ymepona u Bomopona cocemneit CHj-rpymmsi,
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Puc. 4.2. 3aBucHMOCTb NOTEHUHANLHON 3HEPIYH 2TaHa OT TOPCHOHHOIO yrina

Vin —d3HEprus SOepHO—SACPHOIo, a V, — MOTCHIMAaNbHasl DJHEprus
3IEKTPOH—IEKTPOHHOIO B3auMoieilcTBusa BUllMHAILHBIX C—H-cBs3ei;
Einer — KHHETHYECKAs JHEPrHs BIEKTPOHOB. M3 Bcex ciaraeMeix B
3TOM YPaBHEHHH C CHJIAMH HPUTSDKEHHUS CBA3aH TOJNBKO UIEH Vi,
OCTaJBHBIE TPH WIEHA CYMMEI SIBIIAIOTCS CHJIaMU OTTalkuBaHus. B 3a-
TOPMOXEHHOH KOHGOpManuy 3TaHa BKJIAJ ITHX CUJI MOXKHO IIPHpaB-
HATH K HyJI0. B 3acioHeHHOH KoHGOpPMallMH KakK CJIbl IIPUTSIXKE-
HUs (arTpaktuBHbie V), TaK U CWIbl OTTaIKHBAaHUA (pENYIbCUBHBIC
Von + Vee + Exuner) HaubOonee BenuKd. Ype3BbIyaiiHO MPOCTOM pacder
naet nna V,. 3Hauenue 19,7 xxan/monb, a cyMMa (Vo + Vee + Exuner)
paBHa 22,4 Kkaa/MOIb. DTO O03HAYAeT, YTO CHUIbl OTTAJIKHBAaHUA B
3aCJIOHEHHOW KOH(GOpMAanuy NpeobnanaroT Haj CHIaMH IPHTSKEHUS.
TaxuM 00pazoM, TEOPETHUECKH BSHEpreTUYecKHil Oapbep Mexay 3a-
TOPMOXXEHHOM M 3acClIOHEHHOH KoH(oOpMauusMy 53TaHa COCTaBIseT
22,4 — 19,7 = 2,7 xxan/monb. TeopeTudeckn paccUHTaHHBI Oapbep
BpalICHMs O4EHb XOPOILIO COITIAaCYeTCsl C IKCIECPHMEHTAIbHO onpele-
JeHHOH BenwMuMHON 2,9 KKan/Momk. DHepreTHUecKuil baphep Mexny
3aTOPMO>KEHHOH U 3aCIOHEHHOH koHbOpMauaIMi 00yCIOBIEH TEM, YTO
B 3aCIOHEHHOH KOHGOPMAIMK OTTANKUBAHUE CHILHEE IPUTSHKEHUS.
Takoit Baprep Ha3bIBAETCS PENYILCHBHO-IOMHHAHTHLIM, OH XapaKTepeH
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Tabnuua 4.2
CooTHOUIEHHEe MEKAY 3aTOPMOXKEHHBIM H 3aCI10HeHHBIM KoHdopMepoMm
9TaHA B 3aBHCHMOCTH OT 3HAYEHHS CBOGOIHOM dHEPrUHU

% JATOPMOKEHHOO 9%, 33CTOHEHHOTO Paznuuue B JHEPIrUH
KOH(OPMEPOB MpH
xomdopmepa KxoHpopmepa 25°C (KKa/MOIB)
50 50 0
55 45 0,119
60 40 0,240
70 30 0,502
75 25 0,651
80 20 0,821
90 10 1,302
95 5 1,744
98 2 2,306
99 1 2,722
99,9 0,1 4,092

JUIsl TOMOJIOTOB 3TaHa-TiponaHa, OyTaHa H T. [, a TakKe AAS TaKUX
MOJIEKYJI, KaK 3TUIQTOpHI, METAHOJ, METH/IAMHH, METHIMEpPKANTaH.
He cnenyet, omHako, monaraTh, YTO TaKoe€ ABJICHHME HOCHT BceoOmui
xapakrep. s psna Mojekyn MOXET peaau30BaThes KOH(QOpMaIHs, B
KOTOpOH CHIIBI NPUTSKEHHS MpeoOrIataoT Hall CHIAMH OTTAJIKMBAHUA.
Torna Gapbep MexIy BHIFOIHON M HEBHINOAHON KOH(pOPMALHAMH OylneT
aTTPaKTHBHO-IOMHHAHTHBIM. TakoH cnydail peajim3syercs B IPOH3BO-
HbIX 1,3- ¥ 1,4-1MoKkcaHoB, TeTparuaponupana H ap. (cM. pasn. 24.6
B T 24).

Ha puc. 4.2 npeacrasiieHa 3aBUCHMOCTD TTOT€HIHANbHOH 3HEPrUH
3TaHa OT TOPCHOHHOTO YIJIa,

PacyeTsl IOKa3bIBAIOT, YTO MEKATOMHOE PACCTOSHUE MEXKAY aToMa-
MH BOJOpPOZA B 3aCIIOHEHHOH KOH(OpMAalHM 3TaHa cocTaBiser 2,29 A,
TOIZa KaK B 3aTOPMOXKEHHON KOH(OPMAallUd OHO YBEJIMYHBAETCA IO
2,55 A. Ha oCHOBaHMH 3HadYeHHs SHEPIHH TOPCHOHHOIO HAaIpsSKECHHUS
3TaHa B 2,9 kkan/mons u3 ypaBHenus [ub6ca AG® = —RTInk MoxHO
BBIYMCIIHTE KOHCTaHTY paBHOBecus NpH 25°C Mexny IByMs koH(opMa-
uusamu (tabm. 4.2).

B o6pruaBIX yenoBusax np 25°C 99% Moiexkys 3TaHa HaXOOHTCS B
3aTOPMOXKEHHOH KOHGOpMAanHU H TONLKO 1% — B 3aCHOHEHHOM.

HAnsa cnenyromero roMoiora, IporaHa, TAakKe UMEETCs TOPCHOHHOE
HalpsHKeHHe, BO3HUKAIONIee B Pe3ybrare OTTAJKHBAHHA HABYX IIap
aTOMOB BOIOpona (aHaJOTHYHO 3TaHy) M OJHOIO HOMONHHTEIBHOTO
B3aumMoneicTtBus Mexnay ceszsiMH C—H u C—CH; B 3acnoHeHHOH
KOH(OpMAIUH:
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CH3 H3C H

H H
NOBOPOT Ha 60° AG” = 3,4 kkan/monb
—
" H
H H H
H H
3aTOPMOXEHHAs 3acnoHeHHas
koHdopMauma KOHOpMALIMS
nponaxa nponava

bapeep BpallleHHs IUIS HpPOMaHa HECKONBKO BBIIE, YeM IS 3TaHa, U
cocTapiseT 3,4 Kkajl/MoJb. Tak Kak 3HEPrUs KaXI0ro B3aMMOAEHCTBHSA
IBYX aTOMOB BOJOpPONA B 3aCHOHEHHOW KOH(pOpManud COCTaBNfeT
1 KKall/MOb, HEPrHs B3aHMONCHCTBHMA METHJILHOM TIPYyHIbI ¥ aroMa
BOJIOpOJA B 3aCIIOHEHHOH KOH(MOPMAIHH [IPOIIaHa U CIAEIYIOMIHX TOMO-
JIOTOB aIKaHOB MOXET OBbITH O1leHeHa B 3,4 — 1 -2 = 1,4 kxajI/MOIb.

4.3. KOH®OPMAIIUM n-BYTAHA

IS ceryrommMx roMOJIOTOB TIpOMaHa CUTYalus CTaHOBUTCs Oolee
cjlokHOM. J{ns OyTaHa MOXHO 3amycaTh MIECTH 3KCTPEMAJBLHBIX KOH-
¢dopMaluii, BO3HHKAIOIMMX [pH BpameHdd Bokpyr cem3u C(2)—C(3).
Tpu U3 HHUX SABISAIOTCH 3aCIOHEHHBIMH W TPH 3aTOPMOXCHHBIMHU. J[Be
3aciioHeHHble koHbopManuy (4) u () 3HepreTUIeCcKH 3KBHBAICHTHBI.
O6e oHM OBaXIBI COJMEPKAT B 3aCAOHECHHOM ITOJIOKEHHH METHIILHYIO
TPYIIy ¥ atoM Bopopona. B Tperbeil 3acnoHeHHOH koHbopMatmu (B)
B 3aCJIOHEHHOM IIOJIOXKEHHN HAXONATCA JIB€ METHJIBHBIC IPYIHIBI, U
3Ta KoH(bOpMalWs OKa3bIBAETCA HaMMeHee cTaOuiubHOU. Tpu 3arop-
MOXKEHHBIE KoH(popManuu OyTana TakKe HEPABHOLIEHHBI 11O 3HEPIHH.
Haubonee Huskoit aHeprieii obmagaer camas crabumibHas kKoHQOpMa-
nus ('), B KOTOpOH NIB€ METHIIBHEIE TPYIIBI B Hpoeknuu HreiomeHa
pacnonoxkensl nox ymioM B 180°. Takas xoHdpopManus Ha3bIBaeTCA
anmu-xoHpopMareir. B IBYX Ipyrux sHepreTH4eCKH 3KBHBAJIEHTHBIX
3aTOPMOKEHHBIX KoHbopMmamuax (4 u F) MeTUIBHEIE TPYNIBl HAXO-
aarcs non yrmoMm 60° apyr otHocuTenbHO npyra. OHH Ha3bIBAOTCA
20w, VU CKOWeHHbIMU KOHgopmayusmu. BiauMonpeBpanieHns 3THX
KoH(opMaITHii TTPOHCXOJAT NpH BpameHdd Bokpyr cesasu C(2)—C(3).
Ecnu yuects 3Hauenus sHeprum BzaumopeiictBuii H—H u CHi;—H,
ITOJTy4EHHBIX IIPH PACCMOTPEHHH TaHa M IIPOIIaHa, MOXHO HpeAcKa3ars,
4T0 anmu-koHGopManus (I7) momkHa OBITH CTaOHIBHEe, YeM 3acio-
HeHHas koHpopmanusa (4) wiu (H), va 2 -1, 4+ 1 = 3,8 xkan/Mois.
DTO TOYHO COOTBETCTBYET BEJIMYMHE JIs KoHpopMmanuid (4) u (7). Ha
OCHOBAaHUM pa3IH4uii sHeprun koHdopmaimu (B) u (I°) B 5,4 kxan/monn
MOJKHO OII€HWTH JHEPIHIO B3aUMOMEHCTBHS JIBYX METHJIBHBIX TPYIH B
3acIOHEHHOH KoH(popMaluH (B). Ora sHeprus pasHa 3,4 KKaJ/MOJb: OHA

326



H CHs CH3 CH; H CHy

H H CH
H 3
Hehy, M H H HY H
A (A) 3acnonennan (8) (5)
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anru(r) row{s) row(€) awtu(r)

Puc. 4.3. 3aBHCUMOCTb NOTEHUHANLHON SHEPTHH OT TOPCHOHHOTO YINa HOBOPOTA BOKPYT
ceszu C(2)—C(3) B n-6ytane

npejcTaBaseT coboil pasHuny Mexay 5,4 KKaja/MOIs U YIBOGHHBIM 3Ha-
yenueM B3aumoaeiicTeus H—H (r.e. 5,4-2 -1 = 3,4 xxan/monn). Takum
oOpasom, s OyTaHa peanbHO CYIIECTBYIOT YETHIPE SKCTPEMANbHEBIE
koHopmamuu. Ha puc. 4.3 mpuBefieHa 3aBHCHMOCTD [IOTEHIHMANBHON
SHEPruy OT TOPCHOHHOIO yriia rmosopoTa BOKpyr cBs3u C(2)—C(3) B
#-OyTaHe.

H; CH, CHy

et eclaitiely

anru( r aacnoueunag(A) ram {01) 3acnonenHas(B) raw(E) 3acnonenHas (6) aﬂru(r)
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Tabauua 4.3
PaccurranHbie 3HAMEHMSI JHEPruil B3aUMOJeHCTBHS Pa3IHUHLIX rpynn

B ajIKaHax
Bsaumoneficreue | Kondopmauus Hanpsxenue Jueprus,
P P KKJI/MONb
H—H 34CJIOHEHHAA TOPCHOHHOE 1,0
H—CHsj 3aCJIOHCHHAs TOPCHOHHOE 1,4
CH3;—~CHj 3aCJIOHEHHAsi | TOPCHOHHOE U CTEPHYECKOE 3,4
CH3;—CHj3; o1 CTEpHYECKOE 0,9

Tow-xoudopmaiuu (J) u (£) na 0,9 kxai/mMonp MeHee cTabHIBHBI
1I0 CPaBHEHMIO C aumu-KoHbopmaumeil (I7), X018 2ow-KoH(pOpManus
HE COJIEPKUT 3aCIOHEHHBIX aTOMOB WIIH TPYINI M, CIEIOBaTENBHO, HE
HMeeT 3aCJIOHEHHBIX B3aHMONEHCTBHU. DTO pasnuuue oO0yCIOBIEHO
CTEpHUYECKUM OTTanxkusaHueM (cM. mI 2, pasza. 2.2) aByx Omu3ko
PacCIOIOKEHHBIX METWIBbHBIX rpymnnt B koHdopMammax () u (E) (tak
Ha3bIBaEMOE CTEPHUECKOE HAIPSXKeHHE, WM CKONIeHHoe OyTaHOBOE B3a-
nMozeiicTere). Kax U cienoBano oxXuAaTh, SHEPrus MakCMMamnbHa Ui
3acioHeHHOoM koHbopmanuu (B), rae TOpCHOHHLIA yron paseH 0°. B pe-
aNbHOM H-OyTaHe peajiu3yroTcs Bce KOH(OpMAIlHH, NOCKOIbKY 6aprep B
5,4 KKan/MOJb JIETKO ITPeofoieBaeTcs, HO Mpeob1aJaloIHMH ABISIOTCA
anmu- " eow-koHpopmanud. [Ipu 25°C B paBHOBecHy HaxopsaTcs 72%
anmu-Gopmu ¥ 28% zous-popmel. Tounslit cocTaB KOHGOPMALIMOHHOM
CMECH OTipeieNaeTcs Pa3HOCThIO0 CBOOOAHBIX dHeprai AG® ¢ HOMOMEBIO
ypaBHeHus ['ub6ca. B 1abn. 4.3 npuseneHsl pacCHUTAHHBIE 3HAUCHHS
SHEPTHH B3aUMOAEHCTBHS Pa3NMUYHBIX FPYII B alKaHax.

OTH e IPUHIHIB OKa3bIBAIOTCS YPE3BHIYAHHO IJIONOTBOPHBIMH
IpH OLIEHKE CTAaOMIBHOCTH KOH(OPMaUWi NeHTaHa, FeKcaHa, BBICHIHX
anKaHOB M MX H30MepOB. B obuieM ciyuae s #-ajKaHOB 01aronpusaTHa
taxasg KoHdopMamHs, B KOTOPOH BCE YITIEPOA-YINEPOAHbIE CBIA3H HaXo-
JIATCS B 3aTOPMOXEHHOM TIOJIOKEHHE C aHmu-paciiooXeHIeM Hanboee
cOBEMHBIX PYIII:

H HH HH HH HH HH H
H H (C12HZ§)
H OHH HH HH O HH HWH W

Heckonbko 6ojiee BBICOKYIO 3HEPIHI0 HMMEHOT CKOIIEHHBIE KOH-
dbopMmanuu (eow-KOHGOPMaIIH), KOTOPBIE JIEFKO BO3HHKAIOT YXE IIPH
KOMHATHOH TeMIlepaTrype B pe3ylbTaTe BpalieHUs BOKPYI HPOCTHIX
YIIIEepOA-YITIEPONHBIX CBS3EH.
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Puc. 4.4. 3aBHCHMOCTb NOTEHIMANBHOM 3HEPriUH 2-MeTUNOyTaHa OT TOPCHOHHOIO yria
NOBOPOTA BOKPYT LEeHTpasibHOH cBs3H C—C

XapaxrepHoit 0cO0eHHOCTBIO KOH(MOPMAi Pa3BETBICHHBIX aJIKa-
HOB sIBIIsieTCA ODOs3aTenbHOE HATWYKWE CKOIIEHHBIX (20u-OYyTaHOBBIX)
B3aMMOJEHCTBHI 3JIEKTPOHHBIX OOOIOYEK METHIIBHOTO IJIH JIPYTOro
QJIKUIBLHOIO 3aMECTHTENS] H aTOMOB BOJOPOAa OCHOBHOH YITIEpORHOH
nenyd. MOHOMETHII3aMEIICHHBIC YITIEBOAOPOALI UMEIOT B Haubolee cra-
OHIBHBIX KOHGOPMAIMAX OHO MIIM JBAa 2owui-B3auMoneHcTBHs. B 2-Mme-
THJIAJIKaHaX UMeeTCsl JIMILE OJIHO 2oui-B3auMoneictaune. B 3-MeTunanka-
Hax, 4-MeTWIaaKaHax ¥ JIPYTHX METHIaIKaHax B Haubomnee cTabmIbHOR
U3 2cow-KoH(popManuil uMeercs OBa 20w~-B3aMMOJCHCTBHS METHIBHOM
IPYHIIB ¥ aTOMOB BOLOPOJA OCHOBHOM YITICPOIHOH IIEMH.

Jas oueHkH 3Hepruw pas3nTU4YHBIX KOHGOpMAaIMil pa3BeTBICHHBIX
AJIKaHOB YA0OHO BOCHOIIL30BAThCS MPHUHITHIIOM aJIUTHBHOCTH SHEPIMH
s3aumoneiicteus rpynu H—H, H—CH; u CH3; —CHj, npuBeaeHHbIX B
tabn. 4.3. B xauecTse mpuMepa Ha puc. 4.4 nNpHBeleHa 3aBUCUMOCTD
NOTCHUHAIBHON SHEPTHU PANIMYHBIX KOH(popManuil 2-MeTHI0yTaHa OT
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TOPCHOHHOTO yIia T0BOPOTa BOKPYT LEHTPATEHOU YIIIEPOI—YITIEPONHOH
cBA3H. HeTpymHO 3aMeTuTh, YTO pasidyde B 3HEPrHU MEXKAY 3a-
CIOHCHHBIMH KOH(OPMAITHIMH H 2ow-~-KoH(pOpMepaMy 2-MEeTHIOyTaHa
COOTBETCTBYET NPUHIHIY aJVIMTHBHOCTU 3SHEPruil B3aHMOJEHCTBUS
atoMoB H rpynn. Tak, Hanpumep, B 3aclOHeHHOH koHdopManuu (A4),
COOTBETCTBYIOUIEH yriny mosopora B 0° u 120°, uMeercs ogHO B3au-
MOJeHCTBHE IOBYX METHJIBHBIX Ipyni, oxHo B3aumopnetictsue CH;—H
1 H—H. CormmacHo npHHIUIY ajIuTHBHOCTH, SHEPryUs NI STOH KOH-
¢dopmarun momxHa ObiTh paBHa (3,4 + 1,4 +1,0) = 5,8 kkxan/mMons
(cM. Tabm. 4.3), 4TO COOTBETCTBYET peajbHOMY 3HAYCHHUIO — OKOJIO 6
KKaJ/Monb. 15 npyroit 3acnonenHo#i koHpopmanuii (5) 2-MetunOyraHa
1pH B3aumopeicTrua CH;—H (31,4 kkan/MONB) Takke COOTBETCTBYIOT
peansHO 3Hepruu B 4,2 kkan/Moiub. Jow-konbopmanus (B) ¢ aByms
201-B3aUMOIEHCTBUSMU METUIBHBIX TPYI BABOE Goradye 3Hepruel 1o
CpaBHEHHIO ¢ Hanbomee cTabUIbHBIM 20w-KOHGOpMepoM (1), B KOTOpOM
HMEETCS TONBKO OOHO 2zoui-B3auMopeiictBue CH;—CH;. TlonoOHbiix
ITOZIXOJ] OKa3bIBAETCS IIOAOTBOPHBIM IIPH OIlEHKe CTAOHIIBHOCTH JAPYTHX
pa3BeTBIEHHBIX anKaHOB. Tak, HanpuUMep, U3 JBYX zow-KOH(popManuit
2,3-numeTriibyTana Hauboee cTabMIBHOM OKa3bIBaeTCs Ta, [IE UMEET-
€5 1BA 20-B3aUMOJIEACTBHA METHIBHBIX IPYIII:

cH;,,I’l \\\\\\\\\\“CH!
H CH, Iy § H
3
H CH; H CHy
™ e
3 3
DM fea
rouL-83aUMOAeHCTBUS FOU-B33UMOACHC TBUSR
{Menee cTabunsHas {Bonee cTabunsHas
KOH(pOpMAaLH) KOH(POpMaUMS )

Cnenyer 0cobo OTMETHTE cliefyoliee oberosTensetso. JIrobas Tod-
Ka Ha SHEPreTH4ecKo AuarpaMMe Ajd 3TaHa, OyraHa u 2-MeTunOyraHa
(cM. puc. 4.2, 4.3 u 4.4) COOTBETCTRYET HEKOTOpOH OIpereneHHOH
KOHGOpPMaIUMH, HO TOJEKO Te TOYKH, KOTOPHIE COOTBETCTBYIOT 3HEpPre-
TUYECKUM MHHHMYMaM, OTBedaroT koHdopMepam. Tax, HanpuMmep, IIs
OyTaHa MOHATHIO KOHGOpPMEpa YAOBIETBOPAIOT TOJBKO KOH(OPMAIUH
(), (I, (£), a Bce oCTanbHbIe MPeACTABISIOT cOOOH IPocTo KOHGOp-
manuu. J{1g 3TaHa MOHATUIO KOHGOpMeEpa YAOBIETBOPAET TOIBKO 3a-
TopMoxeHHas koH(popmaiusa. ITocKoabKy MeTacTabHIBHBIE COCTOSHHA
MOJIEKYJIB! 10 (GU3MYSCKOMY CMBICAY HEb3s PacCMAaTpHBATh KaK H30-
MepBbI, 11eJIecO00Pa3sHO BBOIUTH TEPMUH KOHPOPMAYUOHHAA UOMEPUAL.
JTO MOHATHE JOJHKHO OTHOCHUTHCS TONBKO K KOHGOpMepaM ¢ MHUHH-
MYMOM TNOTEHIIHATBHOM SHEPIUH K OMUCHIBATH I1IEPEXOJBI Pa3IHIHBIX
1o 3Heprux koH(popmepos. [IpuBeneHHOE BRIIE OMpeaeTeHHe TIOHATHS
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«xordopmMauus» coorsercTByeT mpasuitaM HIOITAK u sBaserca, Bood-
11e TOBOPs, YIPOIIEHHHIM M He crporuM. ComtacHo Oonee CTporoMy H
TOYHOMY OTpEJIENeHHIO, MO KoH(GopMaIeH cileayeT IOHHMaTh J1060€e
OTHOCHTEJILHOE [TOJI0KEHHE COBOKYITHOCTH AP MOJIEKY/BI B IPOCTPAH-
CTBE, KOTOPOE MOXET OBITh JOCTHTHYTO 0€3 HapylIeHHs LEIIOCTHOCTH
MOJNIEKY/IBl. DTO PAaciUbIBYaToe OIpEACICHHE HAMEPEHHO HHMKAK HeE
CBS3aHO C TUIIOM BHYTPUMOJIEKYISIPHOIO ABHXKEHUS. B cooTBeTCTBHH €
3THM onpefelieHHeM KOHGOPMaMOHHBIH Tepexol NpeAcTaBIsieT coboi
HEHPEPHIBHAIH MPOLIECC H3MEHEHHS BHYTPEHHHX KOODAHUHAT AAEpHOTO
OCTOBa MOJICKYJIbI, IPOTEKAONMH Oe3 HapylleHHs ee LEeNOCTHOCTH, C
[IOMOILIBIO KOTOPOT'O OfIHA KOH(OPMaIIHUs NpeBpaIacTcs B APYTYIO.

4.4. XUMHYECKHWE CBOMCTBA AJIKAHOB

KosanentHas o-cBs3b AB MOXeT pacennsarscs TpeMsa BO3MOXKHBI-
MH criocobamu:

A:B— AP+BO:
A:B— A®:+B9

A:B— A-+B- TOMOJIMTHYECKHH Pa3phIB CBA3H.

} reTepoOIUTHYECKHIA pa3phIB CBI3H,

DHeprus cobcTBeHHON monuzanmu cBs3d C—H B ankaHax B razoson
(haze CAMILIKOM BEIHUKA JJIsl TOr0, YTOOB! B OOBIYHBIX YCJIOBHUAX MOXKHO
OBLIO OXKHIATh PEAKLH, TPOTEKAONIUX [0 MOHHOMY MexaHu3My. Tax,
JUIS MeTaHa, COMTaCHO PacYeTHHIM IaHHBIM, SHEPrUsi HOHH3AINH Ha
metwikatnod CH; u ruapun-non H™ cocraBnser 314 kxan/mons,
T. €. TAKOH IPOIECC IHEPreTUUECKH KpalHe HEBRITOJAeH. JTa BeIUYHHA
MOXXET OBITh PAaCCYHTAHA U3 CIEAYIONETr0 IHEPreTUYECKOro IUKIa:

CH; — -CHy +H-+AH°®; AH® =+104 kkay/Monb
-CH; — CH§B +e” + AH®; AH® =+226 kxau/moab
H-+e~ — HO : +AH®; AH® = —16 kxaJj/Moib

CHy — CHY +H®+AH®;,  AH°=+314 xkan/monb

3HaK «ILTOCy 0003HaYaeT SHAOTEPMHUIECKUM Mpolece, a 3HaK «MH-
HYC» OTHOCHTCH K DK30TEPMHUYECKOMY INPOLECCY € BBIAEIICHHEM TeTl-
na. IlockonbKy 3HEpTHs TOMOJIMTHYECKOTO PACHICIUIEHHS HENOJAPHOH
cesizsn C—H B Tpu pa3a HHUXE SHEPIrHH T'€TEPOIMTHUIECKOrO pa3phiBa
9TOM e CBSA3H, JJIA AJIKAHOB MPEX/E BCEr0 NOJKHBL OBITh XapaKTEePHBI
TOMOJIMTHYCCKHE pCaKIHUd C 06pa3OBaHHeM B Ka4€CTBC IMPOMCKYTOI-
HBIX 4acTHIl (MHTepMeNHaToB) cBOBOMHEIX pagukanoB. M3 Bcex Takoro
pona peakidil Haubosee BaKHOW SBIAETCS PEAKIMs rajoTeHHPOBAHUS
aTKaHOB.
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4.4.1. XJIOPUPOBAHHUE METAHA

Eciu cMece MeTaHa ¢ xnopom Harpers Ao 200°C wmm oOiryduts
Y®-cBeTOM MOAXOAAIIEN NIHHBI BOIHEL, IIPOTEKAaeT CHIBHO SK30TEPMH-
gecKas peakius:

200°C wau hv
—_—

CH4 +Cl, CH;Cl1+HCI+AH®,

AH® = —25 KKaj/MOJb.

Tennoso# 3¢dexr nepBoil cTaguu XNOPUPOBAHHA METaHa B ra3oBOi
taze o CH3Cl u HC] moxeTr ObITh pacCUMTAH HA OCHOBAHHMH 3aKOHA
T'ecca.

Paspuie ceszu Obpaszoeanue ceasu
CH3;—H; AH°=+104 kkan/mons CH3;—Cl; AH®=-84 kxan/Momnb
Cl-Cl; AH®=+58 xxan/mMomb H-Cl, AH°=-103 xxan/mous

AH® =+162 kxan/momnb AH® = —187 xxan/Monb

CymmMapHbiii TemnoBod 3ddexr AH® pasen —25 Kkan/mMons. 3OTH
JaHHBIE NMOKA3BIBAIOT, UTO XJIOPHUPOBAHHE METaHa IpejcTaBisier coboit
BIIOJIHE BEpOSTHLIN NpoLece, XOTs TemIoBoit adbdexr HukouM o6pa3oM
HE CBS3aH CO CKOPOCTBIO PEAKIHH, KOTOpas ONpeAenseTcs cBoOOgHOU
S3HEPTUEH aKTHBALIHH.

XJIOpUpOBaHHE METaHA HE OCTAHABIUBAETCA HA CTANUH IOJYIEHHUS
METHIXJIOpPH/IA, 3 IPUBOJIUT K 0OPa30BaHUIO BCEX YETHIPEX BO3MOMKHBIX
npoaykror 3amemenus: CH3Cl, CH,Cl;, CHCl; u CCly. Ux cootHo-
IIeHHE 3aBUCHUT OT COOTHOIICHUSI XJI0pa U METaHa, a TAKXKe OT YCJIOBHH
HPOBENCHUS PEeaKIIIH.

XnopupoBaHUE MeTaHa M APYTHX aJKaHOB — KJIIaCCHUYCCKUI IpUMep
HEMHOH paguKaJIbHON peakury. [ToyyeHbl MHOTOYHCIIEHHBIE TOKa3a-
TENIbCTBA LIEITHOTO PaJUKaJILHOTO XapaKTepa 3TOH peaKlHuH.

1. O6pa3oBanye CMECH YETHIPEX MPOAYKTOB 3aMEIIEHHs BOXOpPOa
Ha XJIOp B METaHE IIPH SKBUMOJBHOM COOTHOIICHHH PEareHTOB CIYXXHUT
BECKHMM apryMeHTOM B ITONIb3y ILEIHOIO XapakKTepa npolecca, Npu
KOTOPOM MPOAYKT HEPBOM CTaAWH CTAHOBUTCA HCXOJHBIM PEarcHTOM
Ha BTOPOH CTajuu, U T. .

2. MeraH He pearupyeT ¢ XJIOPOM IIpH KOMHATHOH TeMnepaIype B
TeMHOTE. [l 0O6pa3oBaHHs IraJIOreHINPON3BOAHEIX HEOOXORUMA 3HEP-
TS, JOCTATOUHAS JUIsi TOMOMHTHYECKOro pacuernnenus ¢a3y Cl—Cl.

3. Jlna peaxivd, MHHUHHPYEMOH CBETOM, KaXIbIM IOITIOLIEHHLIN
toton BeI3bIBaeT 06pa3oBaHHE JNECATKOB THICSY MOJEKYJI MPOAYKTOB
3aMeIIeHUs. DTO BO3MOXKHO TONBKO NPH UEITHOM MeXaHH3Me Ipolecca.

4. Kuciopox NOJHOCTBIO MOJABIAET XJIOPHPOBAHHE ANKAHOB, H
XJIOp HE pearupyeT ¢ METaHOM, €CJIH OH CMEIIaH C KHCJIOpPOAOM,
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Jaxe TpH obnyueHMM peakHoOHHON cMecd. Kucnopox B OCHOBHOM

COCTOSIHUM TpefcTaBifeT coboit Oupamuxan O—O0 (cMm. paszn. 2.6),

KOTOPBIH 3HEPTUYHO B3aMMOAEHCTBYET € alIKMIBLHBIMH DaJHKaIaMH:
R-+0—0 - R—0~0- (anxkuamepOKCHIHBIN pPagHuKal).

Kucnopon sBusercs 3¢ (heKTHBHBIM HHFHOUTOPOM CBOOOIHOpaIUKaTh-
HBIX peaKiivif, ¥ STHM TECTOM 4YacTO IONB3YIOTCH AJIA OTHECEHHS
MeXdHH3Ma PeaKkiiy K paAuKaJIbHOMY HJIH HOHHOMY THITY.

5. Terpastuncsuneny (CoHs)4Pb B ormnuuue o1 kuciopona cno-
cOOCTBYeT raJOreHUPOBAHHIO MeTaHa. TeTpas’THIICBHHEL OTHOCHTCS K
METAJIOPTaHUYECKUM COeMHeHMsIM (T71. 19) ¢ KOBalleHTHOH 0 -CBA3BIO
yrnepona 1 Meramia. DHeprus csszu C—Pb ouens maina (31 kkan/mons)
U [IpH YMEPESHHOM HarpeBaHuu WiH npH odnyuenuu Pb(C,Hs)y pasma-
raercst ¢ 0Opa3oBaHHEM CBHHIA M 3THIIBHBIX PaJUKaJlIoOB (CM. faee):

Pb(C2H5)4 — Pb+4. C2H5.

OTUNBHBIA pagyKall B 3TOM Cllydae CIY>KUT HHHIIMATOPOM IIETTHOIO
paaMKajibpHOTO Mporecca.

Bce a1 dakTsl HaXOAATCS B COOTBETCTBHH C I[EMTHBIM Pa/IMKaIbHBIM
MEXaHH3MOM XJIOPHPOBAHMS METaHa. JTa PEeaKuMs HHUIMHPYETCS ro-
MOJIUTHYECKHM pacileIUIeHHEM CBSI3M JBYyX aTOMOB XJIOpa B MOJEKYJle
rpy 00Iy9EeHUH WIH HarpeBaHWH.

ClL, £ 2C1-+AH®; AH® =+58 xxan/mons.

3apoxxaeHne pajHKaIbHOH IIENMH HaYHHAETCS C paclIelIeHUs CBSI3H
Cl—Cl, a se C—H B Mertane, Tax kak 3Heprus cBsazu Cl—Cl opumep-
HO BJBOe HIDKe SHepruum cBs3d C—H B ankane. DHTanbpnus cTagud
MHUIMHPOBAHUS HEelH NoJmKuTenbHa. [lepBas cTamus pa3BUTHA LIENH
NIPaKTHYECKH TEPMOHEHTpalIbHA, 2 BTOPas CHIBHO DK30TSPMHYHA:

Cl-+CH4 — CH; - +HCl+ AH®;
AH® =+1 KKaJyl/MOJIb;
PA3BUTHUC LCTH | . +Cl, — CH3Cl+Cl - +AH®;
AH® = —26 KKaJ/MOJb.

Iuka pa3BHTHA LEMH MOXET MOBTOPATHCA THICAYHM pa3, U €ro MOXKHO
65110 OB HOBTOPATE OECKOHEUHO, ecu Obl He OBLIO MPOLECCOB «OBGPHIBA
LEH»:

Cl-+CHj- — CH;Cl
06peiB nerm  CH; -+ - CH; — CH3CH;-
Cl-+Cl- - Cl,
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+
- [cl---H---CHy] L
46; fcrz--cr-al)

]

koopfunara peakyut

Puc. 4.5. Duepreruyeckas quarpamMma cBOGOAHOPAAMKAIBHOTO XJIOPHPOBAHUS METaHa:
AG? =4 xxan/monb; AG] ~ | kkan/momb; AH® = —25 Kkas1/Moutb

Bcee peaxuun oOpbIBa LENMH 0YSHb OBICTPEIEC; CKOPOCTH PEKOMOMHAIHH
PaarKaIoB MPEBOCXOAUT CKOPOCTh CTAJMH HWHHIIMHPOBAHHS IEITH, HO
MIOCKONIBKY B XOJIE PEAKIIMH KOHIIEHTPAUMH aTOMOB XJIOpa U PaJHKaIOB
CH3 upesBbuaiiHO Maibl, HenH NpH XJIOPUPOBAHHMK OYEHHb JUIHHHBIE.
Craguu oOpbIBa LEIH 3K30TEPMHYHBI, HAlPHMeEDP:

Cl-+Cl- — CL,+AH®; AH°=—58 xxan/MoJb.

IIpuBesneHHBIE BBILIE DHTAABINH KQXI0H 377€MEHTapHON CTaHU XJIOPH-
pPOBAHUSA METaHA PACCUMTAHEI [0 PA3HOCTH 3HEPruH cBs3eit (cM. Tabil.
4.6). Taxk, saranemnus craauu Cl-+CHy — HCl+ CHj- paccuutpiBaeTcs
KaK pasHocTh 3Heprud cessed H—Cl u C—H B MmeraHe, a SHTaIbINA
CTauH

CHj3 - +Cl; — CH;Cl+Cl-

kak pazHocTs sHepruu ceszed C—Cl B CH3Cl u anepruu cesasu Cl—Cl.

Ha puc. 4.5 npuBeneHa 3HepreTHYecKas Auarpamma Aias oOenx
CTaaWil pa3BHTHA LIENH XJOPUPOBAaHHUA MeTaHa O MeTwixiopraa. Ha
3TOM PUCYHKE MPENCTaBICHbI AUArPaMMBI JUTS JIBYX [IOCIeJ0BaTENbHBIX
peaxIui, Te NpOAYKT NepBOil U3 HUX ABIAETCH HCXOOHBIM PEareHTOM
Jutst sropoid. [TosTomy iBe nuarpaMmsl COSAHHEHH IIOCEPEHHE B TOUKE,
COOTBETCTBYIONIEH oOpazomanuio paaukana -CH; xak uHTepMenuara,
HaxO[UIeToCs B JHEPreTHYECKOM MHHUMYME MEXIy MIepeXONHBIMHI
COCTOSIHMSIMH IIepBOit M BTOpoH cTaaui. Jlerko Tamke 3aMeTHUTh, 4TO

cBobONHAS PHEpPrus axTHBALKMK IIEPBOH CTaHU AGfé MPEBOCXOAMT

SHEPIrHI0 AKTHUBALMH BTOPOH CTaJuK AG] , T.€. AG]7é > AGZ"'é . 910
yKa3bIBa€T Ha TO, YTO IIPY TaJIOTEHUPOBAaHMM METaHa IepBas CTaaus
pa3BHUTHUs LENM SBJISETCS CaMOH MENJICHHOW U OIipelesseT CKOPOCThb
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BCero npouecca. V3 3Toit auarpaMMbl TaKXe CIEAYET, YTO XJIOPHPOBa-
HHE METAHa U JPYTHX alIKaHOB — IIPOIECC 3K30TepMHUHBIH. Temnosoit
a¢dexrt peakuu AH° Bcerna COOTBETCTBYET Pa3sHOCTH SHEPTHH MEKAY
HavYaJIbHBIMH BeIecTBAMH M HPOAYKTaMHM pEakHuM HE3aBUCHUMO OT
YyyclIa CTaAuH ¥ HaJINuKsl UM OTCYTCTBHS HHTEPMEHATOB. DTO PaBUIIO
COPaBEIIMBO I8 MIOOBIX peakuuit:

AH®=+1—26=—25 KkKaJj/MOJb.

4.4.2. BPOMHAPOBAHME, HONTUPOBAHUE W ®TOPUPOBAHUE METAHA

MexaHu3Mm, KOTOpPBIH OBUI PacCMOTPEH VIS XJIOPHPOBAaHHA MeTa-
Ha, COpaBEMJIMB M JUIS peakiHil ¢ JPyrHMH ranoreHaMmH. Bo Bcex
CIy4asix 3TO UeNHOH, paauKaNbHBIH IIPOLECcC, HHUIMHUPYEMbIH IoMo-
JIA30M MOJIEKYIIBI TajioreHa ¢ oOpazoBaHHeM aroMa rajgoreHa. Kak u
CJIEIOBAJIO OXHATh, PEAKIIHOHHas CIIOCOOHOCTh YMEHBILAETCA B PANY
F; > Cl; > Br; > I,. DHTanenuyd NOCIeOBATEIbLHBIX CTAJIHIl IaJIOreHH-
posanus Merana jo CH; X npuseness! B Tabn. 4.4.

Kax BHIHO ¥3 HaHHBIX TAO0IHUIIBI, OTHOCUTEIBHAA PEAKIIMOHHAS CIO-
COOHOCTH raJioreHoOB COIVIACYETCs KaK ¢ CYMMapHBIM 3HadeHueM AH°
BCETO TpOIlecca TaJOreHHPOBAHUA B IIEJIOM, TaK ¥ cO 3HayeHueM AH°
U CTAXHK Pa3BUTHA LEITH. DTO OOBIUHBI PEe3YNbTAT 1A PaAHKAIBHEIX
peakiuil B ra3oBoi ¢aze. OrpoMHBI CyMMapHBIH TerioBoi addexr
9K30TEPMHYECKOTO (PTOPHPOBAHHS U COIBIIME OTPULATEABHEIC SHTANb-
MH Ha KOKIOOH CTaAWH PAa3BHUTHA LEIH CBHIACTEILCTBYIOT O TOM, UTO
3Ty PEaKIHI0 OYEHbH TPYZHO KOHTPOIMPOBaTh. DHeprus obpazoBanus
HOBOH CBf3M 3HAYMTENHHO I[PEBBIINAET SHEPrHIO pa3phiBa CBsdell B
HCXOAHBIX peareHTax. JHeprusa obpasosanus cas3u 1t HF Tak Benuka
(136 xxajn/MoNb) IO CPABHEHUIO C APYTMMH IaJIOTEHOBOAOPOJaMH, YTO
Jlaxke Taxas HeoObIYHas peakius ropa ¢ METaHOM, MPUBOAAAA Cpa3y
k aByM pamukanam CHj- u F-, sHOOTEpMHUYHA BCETO Ha 6 KKaa/MOME!

CH4 +F,; — -CH3 +F - +HF + 6 xkan/moub.

CnenoBarensHO, IPH CMEIIMBAHUM MeTaHa H (Topa B ra3oBoi (a3ze
pauKagbl MOIyT 00pa30BaThCs CIOHTAHHO, MUHYS CTaAWI0 HHHITHHPO-~
Banus nenu F, — 2F.. Tlocnenytomye cTaguy pocra HElmd HaCTONBKO
3K30TEPMUYHEI, YTO 3TO MPHUBOOUT K OBICTPOMY pOCTY obuIero Kojaude-
cTBa CBOOOAHBIX panHKalioB (TOpa BCIEOCTBHE OYEHH MAIOH SHEPTrHH
cesa3u F—F. Hakomrenue pangukaios gropa nmpoucxogut OuicTpee, yem
HX pacxoA0BaHHE, YTO HEH30eXXHO NPHBOIMUT K B3phIBY. Ilo3aTomy mps-
Moe GTOPHPOBaHHE aJKAHOB HEBO3MOKHO OCYIIECTBUTH ITPAKTHYECKH
NeiicTBHEM dIeMEHTapHOTo GTopa. DTy TPYAHOCTL MOSKHO 0OOHTH, eClIH
HCITIO/IB30BATh CHJILHO pa3baBlIeHHbIE Ta30Bble cMecH (TOpa U alKkaHa B
HHEPTHOM ra3¢ M CMEIUHBATh HX IOCTCIEHHO, OJHAKO TAaKOH Mpolecc
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Tabaunua 44
IJHTAILIUM OTASIBLHBIX CTAIMI raJJOreHUPOBAHMSA MeTaHa

Craaus Peaxuus AH®, xkan/Mons
Fz Clz Br 2 Iz

. Maunuuposanue nenu Xz — 2X- +37 | +58 [ +46 | +36
2. Passutue uenu X -+CH4 — CH;y - +HX -33 +1 {416 | +33

CH; -+X; - CH3X+X- | —71 | =26 | —24 | —20
3. O6psiB Hemu X-+X-— X3 —37 { —58 | —46 | -36

Oburas sHranenus peakumn CHa+X; — CH3X+HX | —104 | =25 | —8 | +13

CIIMHIKOM JIOPOT U CJIOKEH B TEXHOJIOTMYeCKOM OTHOImEeHUH. DToprpo-
H3BOJHBIC YIJIEBOAOPOAOB COCTABIISIIOT BaXHBIH B MPAaKTUYECKOM OTHO-
UIEHUY KJIacCc COeAUHEeHUH. MHorue (TOpXJIOPHPOU3BOJHBIE HU3IIMX
aJIKAHOB nof OOUIMM Ha3BaHUEM (PEOHBI HCMOJIL3YIOTCS B KayecTBe
XJTaJI0aTeHTOB B PA3IMYHBIX XOJIOJHIBHBIX YCTaHOBKax, obecredusasd
TpeOyeMEIil TeMIepaTypHEIH PEKUM B 0YEHDb HIHMPOKOM JUANIA30HE TeM-
neparyp. ®PpeoHbI LIMPOKO HCIIOIH3YIOTCS TAKKE B KauecTBe a0CONMIOTHO
HHEPTHBIX PACTBOPHUTENEH, 0COOCHHO TS peaKyil, IPOTeKaoX Ipy
Hu3Kolt Temmeparype'. Camblit Baxubii u3 dpeoHoB — CF,Cl, — nony-
gun Toprosoe HazBaHHe ¢peox-12; CCl3F — dpeon-11; CCIF,CCIF, —
dpeou-114; CCLFCCIF; — ¢peon-113; CHCIF, — ¢peon-22. Ilpn nu-
poause CHCIF, (ppeona-22) obpasyercs terpadropstiiier CF,=CF,,
IpH TOTHUMEPH3ALHH KOTOPOTO NoJyvaeTcs noimMep dropruiact-4 (Te-
({IIOH) — HCKITIOUHTENHHO BaXXKHBIH H aGCOTIOTHO MHEPTHBIN MOIHMED-
HBIA MaTepHall.

[lepdTopankaHbl HCIONMB30BAIKCH TS pa3AelIeHHd U30TONIOB ypaHa-
235 u ypana-238 B Buze Jeryunx rexcagropumos 2>°UFg u 28UFs.
T'excadropuyipl ypaHa pa3/eNsiior, WCIOIb3ysd HeOONBUIYI0 DPasHHIY
B cxopocTsix ux aupdysun uyepes membOpansl [ekcadropuas! ypana
00NIaZIal0T OYEHB BBICOKOH KOPpO3HOHHOH crocobHoCThI0. [loaTomy
MeMOpaHbl, CMa304HbIe Macia W TEIUIOHOCHTENH NO/DKHBI 00I1aaaTh
BBICOKOHM KOPPO3HOHHOM CTOMKOCTHIO. [IpUrofHbIMU Al D3TOH LEIH
OKa3aluCh TOJBKO (TOpCOAEpKAlIME TOTHMEPBHl H NepdTOpanKaHbl.
Ilepdropankansl Moy4aroT GTOPUPOBAHHEM AJIKAHOB IIOA ACHCTBHEM
¢ropuna xobansra (IIT). Yepes cnoit CoF; nponyckaror nmapsl ajnkana,
npu 9ToM obpasyroTes nepdropankan U gropun kobausra (1I):

C,Hy,42 +CoFs i’ C,F2,+7 + HF + CoF,.

1B nacrosuee BpeMs OT MCIOBb30BAHKS (DPEOHOB NOCTENEHHO OTKA3BIBAIOTCA, TAK KaK OHH
OY€Hb JIETY4H W HZKAIUIMBAIOTCS B BEPXHUX CIOAX arMochepht. 10, HO-BHIMMOMY, CIOCOOCTBYET
00pa3OBAHMIO «O30HHBIX JBIP».
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KDOPOUHATE  PEOKUUU

Puc. 4.6. JxepreTuyueckas AuarpaMma cBoOOTHOPaAMKANILHOTO OPOMHPOBAHUA METaHa

®ropun kobanera (III) pereHepupyior, npomnyckas uepe3d CoF, Tok
¢dTopa.

BpoMuposanne meraHa MeHee 3K30TEpMHYHO, YeM XJIODHPOBAHHE.
[lepBasg cragus pa3BHTHS HENH XapaKTEPH3yeTCs BBICOKMM JHAOTEP-
mudeckum dbbdekrom: AHY = +16 kkas/Monp (U XJIOPHPOBAHUH
AHY = +1 kkajn/mosp). OT0 O3HayaeT, 4To CcBOOOAHAA 3HEpIus

AKTUBAILIUU AG{é IUT TAHHOHM CTaaud OpOMHPOBAHUSA METAaHA JOJDKHA

OBITH HAMHOT'O BBINIE, YeM JUIs XJopupoBaHus. JleficTBUTENRHO, AGlf
JUIs IepBO# cTaguy pa3BHTHA Herd (18 kxai/Mois; puc. 4.6) npu 6poMu-
POBaHUH HaMHOI'O [IPEBBIIIAET AGT JUISL XJTOPUPOBaHus (4 KKal/MOJNIb).
TernoBele d3dexTs! BTOPOit cTaguy pa3BUTHS LEMH IpH OPOMHPOBaHHH
(—24 xkan/mMonmb) W mpH XJopupoBaHuH (—26 KKau/MONb) BeCchMa
OJIH3KH, ¥ JHEPTUH aKTHBALMU AG;é Jutst 00OHX IPOIIECCOB TOXE OUEHB

MaJo pa3IMyaroTcA. 3HAYUTENBHO 00Jee BLICOKOE 3HAUeHHE AG{'é TS
OpoMUPOBaHHS YKA3HIBAET HA TO, YTO OPOMHMPOBAHHE METAHA IPOTEKAET
C MEHBIIEH CKOPOCTHIO, YEM XJIOPHUPOBAHUE.

MonupoBaHie MeTaHa HIET C HHYTOXHO MAJOH CKOPOCTHIO Ja-
ke npu 300-500°C ¥ 1O3TOMY HPaKTHYECKH HEOCYIIECTBHMO.
UpesBbuaiiHO HU3Kasi CKOPOCTh HWONHPOBAHUS OIIPENENSIeTcs] BBICO-
KOHW DJHEprued AaKTHUBAlMHM IIEPBOHM CTaguu pa3BUTHS DTOHM IIEIH:
AG{‘é = 34 xxain/mMoib. Takoe BBHICOKOE 3HAYECHUE AGf HE YOUBHTEIBHO,
TIOCKOIBKY IIEpBast CTaJMsi POCTa LEernd HONHPOBAHHSA CHIBHO DHIO-
tepmuuHa (AH? = +33 kkan/mons). I103TOMy KOHIIEHTpalus aToOMOB
ffona, o0mamaroNMX dHEpPruel, HeoGX0IUMOM AJIs [IPEOIONICHUS IEPBOTO
3HEepreTHIeCKoro 6apbepa, HHYTOXHO Maa naxe 1pu 300°C. [Tpu Gonee
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BBICOKHX TeMileparypax oOpasyrouruiics HI nerxo Boccranasnusaer
CH3;I obparno no CHy u 1.

ConocrapieHne 3HAYEHHH SHTAIBIMH IS KaXKAOM CTajud ralo-
TEHHPOBaHMs METaHAa, a TaKKe COMOCTABICHHE 3HAYeHHH SHEPrHH

aKTHUBaLUU AGT H AG;é ofeux cTaiamil pasBUTHS IENH IPUBOIIT K
BBIBOAY, 4TO CKOPOCTB BCErO MPOLECCa ONPEeAeAeTCs CKOPOCThIO Hep-
BOH CTajMHM poCTa LEeMH, HMelIel Hanboiiee BHICOKOE 3HAYCHUE AG;é .
OTOT BBIBOJI OCTAETCH B CHIIE Ul JIF0OOro rajoreHa H jro0oro aiaxaHa.

[IpuBeneHHBICe B 3TOM pasfesie AaHHBIE [0 SHTAJABIHAM pPEaKIu{
¥ DHEPrUsM AaKTHBAIlWH TAJIOTCHHPOBAHHS METaHA BBHIABIAIOT OIpe-
JIEJICHHO BBIPAKCHHYIO 3aKOHOMEPHOCTL: UEM BBIILE MOJIOXKHUTENbHAN
3HTAJABIHA KaXAOro IIpolecca, TeM BBIIIIe €ro SHEpPrus aKTHBAIHH.
OTOT Ba)HBIM BBIBOJI MOXKET OBITH PACUIMPEH M AN MHOTHX IPYTHX
TOMONUTHYECKUX pEaKIuil B ra3oBoH ¢haze WIH B HENOJAPHOU cpene,
YTO ITO3BOJIsAET IPOTHO3ZUPOBATE CKOPOCTE TAKOTO POJia pPeaKIHil TOIBKO
Ha OCHOBAHHUH TeIIoBOro 3¢gdexra peakumny.

4.4.3. TAJIOTEHUPOBAHHE T'OMOJIOI'OB METAHA

MexaHH3M TajJoreHHPOBaHHS I'OMOJIOTOB METaHa TakXe SBIAETCS
UEMHBIM PaRUKAIBHBIM U MaJIO OTIMYAETCsl OT MEXaHU3Ma TajloreHUpO-
BaHHS CaMOTO METaHa, OJIHAKO IIPH ralIoTeHHPOBaHMM ponaHa, OyTaHa
W JpYTHX ankaHOB Bceraa obpa3yercsi cMech HE TOJNBKO ITPOAYKTOB
MONUTaJIOreHHPOBAHUS, HO M CMECH H30MEPHBIX MPOAYKTOB 3aMEIlICHHS
OHOTO aTroMa Bojopona Ha ramored. CambIMu ClaObIMH CBSI3IMU C
HauMEHbIIeH 3Heprueil ApisoTca B ankaHax cesazu C—C, a He cBiI3M
C—H. Tem He MeHee paJuKalbHBIC peaKLHY 32MEIIeHHA B aJIkaHaX IIpH-
BOIST ITOYTH UCKTIOYMTENBHO K pa3priBy cBs3u C—H. Do 06ycnoBieHo
TeM, YTO YIIIEPOJHBIE eI B ajkaHaX MPOCTPAHCTBEHHO OIIOKHPOBAHBI
cesi3aMu C—H, nosToMy arakymoomiud aroM WIM paadkal obpasyer
HOBYIO CBSI3b C aTOMOM BOAOpPOZA, a HE yIiepoAa. ATaKy o yIiIeponay,
TakuM 00pa3oM, 3aTPYAHSIOT IPOCTPAaHCTBEHHBIE NpensarcrBud. Ho ato
He O3Ha4daeT, 9To abCOMIOTHO BCe peareHTh! BCETNa aTakyloT ajKaHEH 1o
cessy C—H. B peakuusx ¢ HonHbIME peareHTaMH (cM. pasn. 4.4.10)
TIABHYHO POJb HI'PAKOT MOJISPHBIE, @ He IPOCTPAaHCTBEHHBIE d((EKTHL

B mpomnane He BCe aTOMb! BOZOpOAa dKBHBaleHTHHL. HlecTs u3 Hux
NPHHAIEXAT JBYM IEPBHYHBIM aToMaM YyDIEPOAd, a ABAa IPYIHX —
BTOPHYHOMY aroMy ymiepona. Ha ocHOBaHM# YHCTOM CTaTHCTUKH TIPH
MOHOXJIOPHPOBaHUH TIPOIAHA CIENOBAIO OBl OXKWAATH paclpeielicHue
HM30MEpHBIX l-XnopnponaHa ¥ 2-xIopOpollaHa B COOTHOHIeHHH 3 : 1.
Heticteurensro, npu 500°C COOTHONIEHHE ATHX IPOAYKTOB ONH3KO K
3: 1. Ognaxo npu Gosee HU3KUX TeMIlepaTypax Habmronaercs UHOE CO-
OTHOIIEHHE U30MEpOB. Tak, HanpuMep, B pacTaope B HenonsapHoM CCly
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MIPU XJIOPHPOBaHUH IporaHa npu 25°C, HEMIHUPYEMOM OOIIydeHUEM,
obpasyetcs cmech 43% 1-xmopnponana H 57% 2-xaopnpomnaHa:

CH;CH,CH; +Cl, —-—-——hg——-) CH3CH2CH2C1+CH3CH(C1)CH3
CCls,25°C (43%) (57%)
DTO 03HadaeT, 4TO M30MPAaTEILHOCTh 3aMEIEHUs NOA JEeHCTBHEM aro-
MapHOTO XJI0pa PACTET MpPH IMOHHKEHHY TeMIIepaTyphl. DHEpIus CBs3U
C—H nmns BropuyHoro aroma ymoiepoaa CH,-rpynmsl npomaHa Ha
3 KKaa/mMoib HUXe, yeM sHeprus C—H-cBA3M 4l MEPBUYHOIO aToMa
yruepona CHj;-rpynnel. IloaroMy 3amenieHHe NPU BTOPUYHOM YIIIEPOA-
HOM aroMe ujer ¢ fosiee BBICOKOH CKOPOCTBIO, HEM I[IPHU [IEPBUYHOM.
Ho B mpomnaHe MMeeTcst IECTh PAaBHOLEHHLIX aTOMOB BOAOPOJAA IIPH
JBYX MEPBHYHBIX aTOMax yIJepoJa U TOJIBKO [Ba aroMa BOAOpOJa IIpU
BTOPHYHOM yruepoze. OTHOCUTEIbHAS PEaKIIMOHHas CIIOCOOHOCTH ABYX
pasmuunsix C—H-cBs3eit MokeT ObITh BRIpaXKeHa CIEIYIOIHM 00pa3oM:

i 57:2
BTOpI’I‘iHbIH _ __4 . 1

TIePBUYHBIH S 43:6

B Tex xe ycmoBusx 2-mermnnporniad oOpasyer 36% 2-xmop-2-
MEeTUINpPOIaHa (mpem-0yTunxnopuaa) u 64% 1-xgop-2-MeTHIIPONIaHa:

CH;
CH3—(|3—CH3+C12 E—CT%S—? CH3—(‘Z—CH3 (36%)+
4,
CH; Cl
CHj

+CH;—CH—CH,—Cl (64%).

3TO COOTBETCTBYET PEaKIMOHHON cnocoOHoCTH Tpetnadon C—H-cBsa3u
OTHOCHUTENBHO NepBruHOil C—H-cBsi3m kak 5: 1:

Tpernunbiil  36:1

nepBuuHBIE 64 :9 il
Taxmm obpazoM, peaknmoHHas CHOCOOHOCTH aTOMOB BOIOPO/A
OpH pa3IMYHBIX THUIAX AaroMOB YIJepoAa YMCHbBIIAeTCAd B DPAAY
TPETUYHLIA > BTOPHAYHBLIA > NEePBUYHBIN M CENEKTHBHOCThL XJIOpHU-
pPOBaHUS 3aMETHO 3aBUCHUT OT TeMIIepaTypsl (Tabi. 4.5).
CyTb peakiiui MeXJy paguKalloM HIH aTOMOM K ajIKaHOM COCTOHWT
B TOM, YTO B HeH y4acTBYeT OJHOKPATHO (OMHOMXICKTPOHHO) 3aHATAsS
MonekyssipHas opourtans (O3MQO) panukana uinu aroma. O3MO Moxet
MU OTAAaBaTh WIH NPUBMMATH OIUH MIEKTPOH, T. €. B PEAKIHIO MOXKET
poBJIeKaThes kKak HCMO, tak u B3MO ankaua.
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TaGnuua 4.5

3aBHCHMOCTH CEJIEKTHBHOCTH CBODOJHOPAMKAILHOTO XJIOPMPOBAHUS
AJIKAHOB OT TEMUEPATYPbI

Bonopon Bonopox Bonopon
Temneparypa, NPH NEPBUUHOM TIPH BTOPHYHOM NpH TPETHUHOM
°C yrepone ymiepone ymiepone
8 CHj-rpynne 8 CHj-rpynne B C—H-rpynme
200 1 3,9 5,1
300 1 33 44
600 1 1 1

PaccmoTpnm [uis npuMepa B3anMOAeHCTBHE aToMa XJIopa ¢ METaHOM
(puc. 4.7). B atom ciy4ae sHepreTudeckue yporad O3MO aroma xjopa
u B3MO merana Oawke, 9eM sHepretrueckue yporau O3MO u HCMO,
u BoamyleHHe Mexxny O3MO u B3MO Oyner miiaBHBIM.

B npomane (u npyrux nuHeiHpix ankaHax) B3MO Haxomutcs B
OCHOBHOM Ha aromax yrmepona (puc. 4.8) u nonxon x artoid B3MO
THIIA 0c—¢ IPOCTPAHCTBEHHO 3aTPYAHEH (MHaue OBl IPH XJIOPHPOBAHUM
pazpeiBanuck B3 C—C). 3nauur, peakiys nponasa ¢ aTOMOM XJIOpa
He MOXeT MATH nyreM B3aumomeictBus B3MO (C;Hg)—O3MO(CI).
Biaumoneiictsue O3MO—HCMO umeno 65l BRICOKYIO DHEPIHIO aKTU-
BallMH, TAK KaK 3TH OpOUTAINA CHIBHO Pa3In4aoTces 110 3HepTHH. OfHAaKo
B NpornaHe HeMmHoro Hibke B3MO nexar JBe IMOUYTH BBIPOK/ICHHBIE
opOuTany, B KOTOPHIX BBICIIAS DJJIEKTPOHHAs ILIOTHOCTE HAXOAUTCHA
Y aTOMOB BOJOpOAR, CBS3aHHBIX C IEHTPaNbHBIM aTOMOM YIIepoaa.
CienoBarefibHO, aTaka aTOMOM XJIopa ¢ TOUKH 3peHHs Teopun MO
JIOMKHA MPOUCXOIMTH II0 aroMaM BOAOpPOJda B HOJOXKEHHH 2. JTO
COTVIACYETCA ¢ BBIBOAAMH, OCHOBAHHBIMH HAa PACCMOTPEHHH 3HEPIHMH
cesmzeit C;—H u C;—H B nponane (cM. Beime).

- HCMO(CH,) \%{

”
Moger SHpa Q

Puc. 4.7. Cxema, WIDLOCTpHpYIONIas NPEANOYTHTENbHOE B3auMoelicteue O3MO atoma
xJiopa ¢ BBMO merana. Merau umeet Tpi Beipoxaenusie B3MO u HCMO (puc. 1.17).
J1s mpocTOTH 31€Ch IPUBEACHBI SCKU3B! ML JUTd oaHoH 13 Tpex B3MO 1 HCMO
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Puc. 4.8. O0nscHenne NPEeANOYTUTENBHOrO OTIICIVICHHA BOAOPOA2 OT HEHTPAJILEHOIO
aromMa nponaHa

CeneKTHBHOCTD CBOGOJIHOpaIII/IKaJILHOFO XJIOPUPOBaHMs aJIKaHOB B
IeJIOM HEBBICOKA, U 3TOT METOJ ‘Ipe3BLI'iaﬁH0 PEAKO IIPHUMEHSCTCA B
na60pa’ropm>1x YCJIAOBUAX I OJIYYCHHUS HHIAMBHIAYaJbHBIX aJIKWIra-
JIOr€HHUA0B, HO OH IIPUMCHACTCA B NPOMBINUICHHOCTH U MOJIYYCHUS
CMCCH AJIKMITaJIOrCHHIOB, @ H3 HHX — CMECH CHHPTOB. Hckmrouenue
COCTABJIACT XJIOPUPOBAHHUE YIVIEBOJOPOAOB IIPH KOTOPOM HEBO3MOXKHO
06pa303alme H30MEPHBIX IIPOAYKTOB, HAIIPHUMED!

CIHs hy EHI
Chy—C—CHy + C CH—C—CHCL + HCL
CHs CH,
. 1
O + a, - — + HCU (8bixos 57%)

BEpoMHpoBaHHie allKaHOB — HaMHOTrO OoJiee CeNeKTHBHBIH MpOoLEece,
yeMm xyiopupoBaHue. Tak, HanpuMmep, Ipu OPOMHPOBAaHHH H-TIPOIaHa B
razoBoi ¢aze mpu 150°C monydaetrcs 97% 2-6poMiipornaHa U TOIBKO
3% 1-OpoMnponana:

CH;CH,CH; + Br, X", CH,CH,CH,Br (3%)+

+CH;CH(Br)CH; (97%).

Tertoso#t >ddexkt s mepBoil CTAAMM Pa3BUTHA UEMH IBYX 3THX
KOHKYPHPYIOIIAX IIPOLIECCOB JOCTATOYHO CHIBHO Pa3IHYacTCs:

CH;CH,CH; + Br- — CH;CH,CH,-+HBr+ AH®, AH® =+10,5 —o.
H-TIPOTIMA (NEPBHYKbIHA pagnKa) MOJIb
CHyCH,CHs + Br- — CH;CHCH; +HBr+ AH®, AH® = +6 K‘:”‘ .
MOJIb

u30-TIpOTII (BTOPHYHBIH pagHKa)
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BrIcokas ceneKTHBHOCTH TPH OPOMHPOBAHUM QJIKAHOB IIPOSBISETCS
0coOEHHO SBHO B TOM CJIy4ae, KOLa aroM BOJOPOJA HAXOAUTCA NPH
TPETHYHOM aroMe ymiepofa. Tak, Hampumep, 2,2,3-TpuMerunOyTaH
npu OpomupoBaHuH jaer Gosnee 97% TPETHYHOrO ANKHITANIOTECHHIIA,
HECMOTPs Ha TO YTO HA OAHMH aTOM BOJOPOJA IPH TPETHUYHOM YITIEPOAe
TIPHXOJIUTCSL IATHAALIATH aTOMOB BOAOPOAA HPHU HEPBHYHBIX aTOMax

yrmiepona: CH,
(CH3)3C—C,H—CH3+Br2 Ehci{’ (CH3)3C—(|Z—CH3 (97%).
4
CH3 Br

CenextusHOCTb OpoMupoBaHus ankaHoB npu 200°C cocrapnser 1 ams
CH;-rpymnsr; 90-100 — mra Bropuunoit CHy-rpynmel m 1600 — s
tpetrnyroi CH-rpymreL.

B peakuusx cBoOOAHOPaIMKANBHOTO XJIOPHPOBaHUSA U OpOMHpPOBa-
HHUA aJKaHOB peanM3yeTcst o0Omas s OpraHddecKuX peaxkiui 3aKoHOo-
MEpHOCTE: Gonee akTHBHBIA areHT (Cl) MeHee CEIeKTHBEH, a MecHee
aKTHBHEIN peareHT (Br-) fonee cenexTuBeH.

Bonee BrIcOKYyIO HM3OHpaTenbHOCTH aToMa OpoMa MO CPaBHEHHIO C
aTOMOM XJIOpa MOXKHO OOBSCHHTEL C IOMOIUBIO IOCTY/IaTa X3MMOHAA
(cM. 1. 3, pasn. 3.4.5). IlepBas cTagus pa3BUTHS LIETH IPH XJIOPUPOBa-
HHM 1IporiaHa sx3orepmuuna (AH° = —5 KKan/Mojib), TOrIa Kax repnas
CTamusl pa3sBUTHS LEHH Npd OpOMHUPOBAHWM IIpONaHa 3HAOTECPMHMUHA
(AH® = +10 xxan/monp). CrenoBaTelIbHO, DHEPTHsA AKTHBALMMA IS
OpoMHpoBaHus IOJDKHA OBITH BbINIE, YeM AT xJopupoBaHus. CorniacHo
noctynary XsMMOHAA, VIS SHAOTEPMHHUECKOTO MpOoLEecca NePEXOJHoe
COCTOSHHE TI0 DHEPrHU M CTPYKTYpE NOAOOHO IPOAYKTaM peakiluH,
B DK30TEPMHUYECKOM MpOIEcce MEPEeXOAHOE COCTOSHHE IO CTPYKType
HAITOMHHAET HCXOJHBbIE peareHThl. CXOACTBO MEPEXOAHOIO COCTOSHUSA
SHIAOTEPMHUYECKOM peakiHu ¢ IPOAYKTaAMH AOIDKHO BKIIIOYATh B cebs
JHEPreTHYECKOEe Pa3lindHe B TEPMOIAHHAMHYECKOH CTabHIBHOCTH IIPO-
JIyKTOB PEaKIMH, OTKYa CIeyeT, YTO SHAOTEPMHUECKHE PeaKIuy Doiee
CEJICKTHUBHBI.

Ha puc. 4.9 npuseieHsl [1EPEXOAHbBIE COCTOSHIS A1 OPOMHUPOBaHHUA
WM XJOPHPOBaHHs IIpOTaHa B mojoxeHus 1 u 2. B bGonee mnosnHeM
TIEPEXOIHOM COCTOSHHH OpomupoBaHus cBsi3b C—H TOUTH IOTHOCTHE)
pacieriesa ¢ oopazoBaHHeM CBOOONHOIO alKMIILHOTO pajnukana. B or-
IUYHE OT 3TOTO B NEPEXOJHOM COCTOSHHH XJIOpHpOBaHHA CB3p C—H
pacuIeIICHa TOIBKO B OYeHb MaJIOK CTEIIeHH.

B suporepMuueckoM OpOMHPOBAaHHM, IWie IEPEXOMHOE COCTOSHHE
MoIo0HO pajdKaJIBbHOMY IPOAYKTY, Pa3HUIla B JHEPrHUAX aKTHBALUH
OpoMHpOBaHHS NTpoIIaHa B IONIOXKEHHA 1 u 2 cocTaBnseT 2,5 KKan/MoJib,
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koopdunara peaxuuu

Puc. 4.9. DuepreTHueckHe AUArpamMbl OPOMHpPOBaHMs (BBEPXY) M XJIOPHPOBaHHA
(BHM3Y) poONaHa O NEPBHYHOMY M BTODHYHOMY aTOMam yIZIEpOAd

YTO COOTBETCTBYET PA3IHYHI0 B SHEPTHH MEXIY HMPONUIBHBIM H H30-
MPONMIBHBIM PafiiKalaMH, PaBHOMY 3 KKaJi/MoJb., B 3K30TepMHYHOM
XJIOPUPOBaHHK PA3HHIA B 3HCPIHAX AKTHBALMU COCTABIAET BEITHUHHY
JIMIG OKOJIO | KKaJI/MOIb, KOTOpast CHABHO OTIMYAETCS OT PasHMIBI
B JHEPIrUSAX I[EPBUYHOTO ¥ BTOPHUYHOIO pajukana. TakuM o6pasom,
HOCTynaT X3MMOHZIA Ha KaueCTBEHHOM YPOBHE LIPAaBHABHO IIPE/CKa-
3piBaeT GoJiee BBHICOKYHO CENEKTUBHOCTh MEHEE aKTHBHOIO PEarcHTa B
3H/IOTEPMHYECKOM MPOIECCe.

4.4.4. CTABIJIBHOCTS AJIKWJIbHBIX PAJTUKAJIOB

[Ipy paccMOTPEHHM CENEKTUBHOCTHM IajOreHHPOBAHUA ANKAHOB B
HpepIAyIIeM pasjiese OblI0 YCTaHOBIEHO, YTO JUIS BCEX TallOTEHOB
CKOPOCTh 3aMENIeHHsl BOAOPOAa y YIIEPOJHOIO aToMa MOHMKAETCs
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B psAlly TPETUYHBIH > BTOPUYHBLIH > IEePBUYHBIH, KOTOPBIH HpPSIMO
[IPOTHBOIIONIOXKEH pany 3Hepruil C—H-ces3u B ankaHax (Tabn. 4.6);

RH—-R-+-H+AH".

Ilpn cpaBHEeHMH 3HEpPIrHH IEpBHYHOH M BTOpH4HOI cBazed C—H B
MpOIaHe BUJIHO, YTO OHU PazIHYaroTcs Ha 3 KKaJ/Moik. [IoCKONEKY HC-
XOZHOE COEAMHEHNE U OWH U3 panukanos H- onuu 1 Te xKe, 3Ta pa3Huna
OTpa)kaeT TOJIBKO Pa3IHYUe B CTaOMILHOCTH NIEPBUYHOTO ¥ BTOPHYHOTO
panukanos. [logobHoeE e pa3indue B JHEPIHH AUCCOLUALIHH H300yTaHa

(CH3);CH na (CH;3),CH—CH; u H- (98 xkam/mMonp) M ero xe
nucconmai Ha (CH3)3C- u H- (92 xxai/Monp) oTpaxaeT pasindue
B cTa0HJILHOCTH NEPBUYHOrO M TPETHYHOTO pajaukanoB. Ha ocHoBanHH
3THX JAHHBIX MOXXHO COCTaBUTH PAH OTHOCHUTENHFHOH CTaOHIBHOCTH
ANKHUJIBHBIX PAAMKAJIOB: TPETUYHBIH > BTOPUYHLIA > TEpPBUYTHBIN.
Emie Ooree BBICOKOH CTa0HILHOCTHIO OONATAIOT aJTUIBHEIH U OEH3HIb-
HBI paguKansl, TOrna Kak (eHUIBHBIH H BUHUILHBIA pajuKais MeHee
CTaOWIBHBI, YeM METHIPAAUKAI:

CgHsCH5 ~ CH,=CHCH,; > (CH3)3C > (CH3)2CH >

> CH;CH,CH, ~ CH;CH, > CH; > CH,=CH > C¢Hs - .

H3meHeHne B cTaOMIBHOCTH aJKUIBHBIX PATUKAIOB OOBIIHO CBS-
3BIBAKOT ¢ COBMECTHBIM JeHcTBHEM IBYX 3((heKTOB — FMIEPKOHBIOTA-
UM M cTepuueckoro. ['unepkoHBlOranus Kak BHYTPHUMOJEKY/ISpHOE
BO3MYLIeHHE NOJApoOHO omucaHa B IfaBe 2 HA MpPHMEpE 3THIBHOIO
kaTHOHa. COBEPUICHHO aHAJIOTHYHO MOXHO pacCMaTpUBaTh CTabMITH-
3alHI0 PaJdKaJbHOIO ILEHTPAa COCEAHUMH METWIBHBIMH TIpYyIIIaMy;
HarnpumMmep, 00b1as CTabUNBEHOCTh STHABHOTO PajuKaia o CPaBHEHHUIO
€ METHILHEIM 00yCIoBIeHA B3auMoAeicTBHEM IpyIIoBoi opburanu ¥
IByx cesaszeil C—H ¢ 2p,-opburansio, Hecymei HecrnapeHHbIH AIEKTPOH.
I'unepxoHBIOTAlMIO B paiUKae MOXHO CYHTATh BHY TPUMOJIEKYISAPHBIM
pzaumozeicTeueM O3MO pagukaneHoro nenrpa ¢ B3MO 3amectH-
TeneH y paJHKaJIbHOIO IIEHTpa, KOTOpOoe NMPUBOAUT K JET0oKalh3aliuu
HECIIAPEHHOTI'0 JJIEKTPOHA.

IIpu yBenuueHun 4YmMciia METHIBHBIX 3aMECTHUTENEH y pajuKalb-
HOTO YITIEpOJHOIO IIEHTpa YBEIHUHBAeTCs uucio ceiazed C—H B
[B-TIONIOKEHUSX,, H, CTIENOBATENLHO, CTENEHD AeI0KaIH3AMH BO3PACTAET.
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Tabnuua 4.6

3llepl"l‘llrl TOMOJIMTHYECKOH AUCCONMANHH HEKOTOPLIX AJIKAHOB H ApPYIux

CcOeIHHEeHHHA
o [ yo
Ceaze Kkﬁ'liilo,nb Coass KKaAJII/;o,nL
H—-H 104 CH,>=CHCH;—Cl 69
H-F 136 CsHs—H 110
H—CI 103 C¢Hs—F 125
H—Br 88 CsHs—Cl 97
H-1 71 C¢HsCH,—Br 82
F-F 38 Cs¢HsCH,—H 85
Cl—-Cl 58 C¢HsCH,—Cl 70
Br—Br 46 HC=C—-H 125
I—-1 36 CH;3;CH,CH;—H 98
H3;C—H 104 CH;CH;—CHj3 85
H3;C—F 109 CH3;—CH; 88
H;C—Cl 84 C,Hs—CH; 85
H;C—-Br 70 (CH3).CH—CHj3 84
H;C—1 56 (CH3);C—CH3 81
H3;C—OH 91 CH,;=CH-~-CH; 97
H;C—SH 70 CH;=CHCH,~CHj; 74
H3C—NH: 80 CsHs—CH;j 102
HsC,—H 98 Ce¢HsCH;—CHj3 72
CH;C—H
HsC,—Cl 81 ” 86
e}
HsC>—Br 68 HO—-H 119
HsCy—1 53 HO—OH 51
HsC,—0OH 91 CH;0—H 102
(CH3),CH—H 95 CH3S—-H 88
(CH;),CH—-Cl 80 C>Hs0—H 103
CH3C—CH;
(CH3)CH—Br 68 H 77
O
(CH3);CH—OH 91 CH;CH,>O—CH; 81
(CH3)CH—-1 33 NH,;—H 107
(CH3);:C—H 91 H-CN 130
(CH3):C--Cl 79
(CH3):C—Br 65
(CH3):C—1 50
CH,=CH—H 108
CH,=CH-Cl 88
CH;—~CHCH;—H 87
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Ecnu ¢ pagukanbHBIM [EHTPOM CBsi3aH 3aMECTHUTENb, 001a1aronui
Me30MepHBIM ahdexTom, TO cTaOMNBHOCTH ANKHIBHOIO pajguKalia B
3aMETHOH CTelleHHW Bo3pacTaer. IIpu 3ToM pajukal cTabHIN3HpyeTcs
KaK CHJIBHBIMH 7-IOHOPHBIMH (Hampumep, —NHj), Tax U CHIBHBIMH
T-aKUEeNTOPHEIMU (Hampumep, —BH,) rpynmamu, a Taike 3amectH-
TeIsMH, OOJNErdaronIMMH JIENOKAIH3aIMI0 HECHapeHHOTo JIeKTPOoHa
(mampumep, —CH=CH,) B ammuinsHOM pajaukase. Hanpumep, He3MITH-
PHYECKM pacdeT 3HepruH cTabHiM3aurK METWIHHOIO pajHKaia Mpu
3aMeHE OZHOIO aroMa BOAOPOJA HA 3aMECTHTENb X MaeT CIEeNyHoIHe
pe3ynbTaThl:

XBXCHZ H H;B CH; NH, CH=CH, C=CH C=N C(l
OrsocurensHas

JHEprus Cra-

Gunusanuu,

KKaN/MONb 0 11 2 10 21 15 11 3

Kax BuaHo, 3aMemeHue atoma Bomopona B paaukane CHj; na mobyro
Ipynny NPUBONHT K CTaOWJIH3alMM paJMKaia, HHorga HeboasnIoN
(X=CHa,, Cl), Ho uHOrma ouens 3amerHoii (X=CH=CH,).

Ha cTrabuinsHOCTh anKUIBHBIX PAAHKAIOB BIHSIOT TAKXKe IPOCTpaH-
cTBeHHble dakTopel. [IpocThie anKUIBHBIE PAaJUKaNbl SABISAIOTCS MO-
YTH IUTOCKMMH YaCTHLAMH, B KOTOPHIX HECMApEeHHEIH 3eKTPOH 3aHH-
Ma€ET [OYTH HETHOpUAN30BaHHYIO p-opOutans. Hampumep, B mpem-
OYTHILHOM pajiiKajie METHIbHBIE I'PYIOBl OTKIOHSIOTCA OT IUIOCKO-
ctu Bcero Ha 20°. CnengoBarensHO, IPOCTPAHCTBEHHOE OTTAJKUBAaHUE
MEXAY 3aIllOJIHEHHBIMH JIEKTPOHHBIMH ODONOYKAMH TPEX METUIBHBIX
rpynn B u300yTaHe OyAeT B 3HAUMTENBHOH CTeneHH OcaabnaThbes mpH
nucconuanuu ceszu C—H:

H

M -5 —_— = CHy
3 CHy {no4Ty nnockwM)

H3c H3C

Ecnu B kauecTBe Mephl CTAOWIBHOCTH ANKWIBHOTO pajuKanta Mbl
BeIbepeM 3Hepruio nucconuanuy cesa3n C—H B ankaHax, To yKa3aHHBIR
IPOCTPAHCTBEHHEIN a(ekT OyneT JOMOIHUTEIBHO K THIEPKOHBIOTALHU
CcTabUIM3UPOBaTh mpem-0y THIILHBIN PaJMKaJl 10 CPABHEHHIO C METHIIb-
HEIM.

4.4.5. CYJIbOOXJTOPUPOBAHHUE AJIKAHOB

BaxxHOH B IpakTHYECKOM OTHOLIEHUHM PEaKIHeH SBJIIETCA Cyib-
doxnopupoBadue ankaHOB. [Ipu B3aUMONEHCTBHMU AIKaHA C XJIOPOM
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U CEPHUCTHIM aHTHAPUIOM NpH OOMyYeHHMH NPOUCXOIMT 3aMELICHUE
BOJIOPO/Ia Ha XJIOPCYIAbPOHUIEHYIO TPYIIIY:

0
RH +80, +Cl, % R—sZCI+HCL.
o

ANKAHCYIBGhOXIOpH L,

Jra peakuus TaKKe MPOTEKAeT IO IETTHOMY PaJHKaIbHOMY MEXaHH3MY:

Cl, LT B HHALMUPOBAHUE

RH+Cl- — R-+HCI
O
R-+80;, —RST
A pa3BUTHE IIEITH

\
\O

rsZ +c1, —rsZciCl

0 ~o
Jlerko 3ametutTh, 4TO moMuMo RSO,Cl B 3TOH peaxkuut AOMKHBI
[TONYYaThCS M XJIOPIPOU3IBOAHEIE B PE3YIIBTATE IEIIHOTO Mpolecca XJo-
pupoBanus. Kinrouesoii cragueil it 060HX KOHKYPHPYIOIIHX MPOIIEC-
COB XJIOPHPOBAHHS U CYIb(OXIOPUPOBAHUA ABJAETCS B3aHMONCHCTRBIE
aNKWIpauKana ¢ xiopom win SOs:

R-+Cl; = RCl+Cl,
R-+50; — RSO;-.

Vi

UrtoOB! MONaBUTE PEAKLHIO XJIOPHPOBaHH, CYIb()OXIOPHPOBAHHIE allKa-
HOB NMpOBOAAT NpH GonbiiioM u3beiTke SO, KOTOPEIA BHINQIHAET POib
«IIepexBaTyMKa» aJIKWI-pajuKaga ¢ pa3BUTHEM HOBOH paJHKalbHON
ueny. CenekTHBHOCTH 3TOro Ipolecca HeBeNHMKa W NOoAoOHa cenex-
THBHOCTH TIPH PaJMKajIbHOM XJOpPHpOBaHHHM. M3 nmpomnana oOpa3syrorcs
IIPHMEPHO B PAaBHBIX KOJMYECTBaX 00a BOIMOXKHBIX H30Mepa:

CH;CH,CH; 2%, CH,CH,CH,S0,Cl (48%)+

hv,50°C
+CH;CH(SO,C1)CH3 (52%).
AnKaHCYIBGhOXIOPHIBI IPENCTABILIOT cOD0H XJIOPaHTHAPH/LI all-
kaHCynbGokucaoT R—SO;H. Onu serko ruponu3yoTes 10 CynbQOKHC-
JIOT, KOTOPBIE OTHOCATCS K OYEHb CHJIBHBIM KUcIOTaM. FIX HaTpuesble

conu obpasyrorcs nipu B3aumozneiicTsuH RSO, Cl ¢ BogubiM pacTBOpoM
THIPOKCHAA HAaTPHUA MM COJBI:

RSO,Cl+2NaOH — RSO$Na® +NaCl + H,0.
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ITpn COOTBETCTBYIOIIMX pa3zMepax anKWIbHBIX IPYNI OHY IIPOSBISIOT
CBOMCTBAa THUIIMYHOIO MOBEPXHOCTHO-AaKTHBHOIO BEUISCTBA M IIO3TO-
MY Ype3BBIYAMHO HIMPOKO HKCMONB3YIOTCS B KAYECTBE JCTEPreHTOR.
AJIKMNBHas TpyIIla IPUAAET DTHM COMSIM JHMOGMUIBHEE CBOHCTBA,
a MOHHAs CynbGOHATHAS TpyIINa SO?wmnpO(bmlLHbIe cBoiictBa. Y
Cojleill ¢ anKWABHOH IpyIIoH, coiepxkauieit 8-16 aromoB yrmepona,
aunoduiasHble ¥ I'HAPOQHIbHBIE CBOHCTBA COANTAHCHPOBAHBI TaKUM
06pa3oM, 4TO OHM IMYILTUPYIOT B BOAC KUPHI U Macia. CHHTeTHYeCKue
JETEPTeHTs! NOIYyYaloT B MPOMBIIUIEHHOCTH B OTPOMHBIX KOJTHUECTBaX
Cynb(OXJIOPHPOBAHUEM KEPOCHHOBO# (pakuuu Hedtu Oe3 pasneneHus
Ha KOMIIOHEHTHL. ITMaBHBIM HEAOCTAaTOK 3TOr0 MeTola — 3arps3HEHUE
OKpYXalomeil cpeasl (BOJOEMOB, PEK, 03ep, MOpei) neTepreHTaMH,
IPUMEHSIONMMUCS Tpy (IoTaluH ¥ B OBITOBBIX YCIOBHAX. bakrepuu
pazararT CONH AJIKAHCYIL(OKHUCIOT ¢ HEpa3BEeTBICHHON YIIIEPOAHOK
HENBI0, HO OHU Hed((EKTHBHBI IPH ASCTPYKITHH AJIKAHCYIBPOKUCIOT C
pa3BeTBIEHHON 1enso. Baxnedmas npobireMa COCTOUT B HCIONB30Ba-
HUHM COBPEMEHHOH TEXHOJOI'MH, OCHOBaHHOH Ha MCIOJIb30BAHUH CMECH
H-2JIKaHOB.

4.4.6. TAPO®PA3ZHOE HUTPOBAHHE

JByokuch azorta -NO, npenctaBiasgeT co00i OTHOCHTENBHO CTa0MHIb-
HbIf HEOpraHHYeCKHH CBOOOIHBIH pagHKai, AUMEpPH3YIOIHIcS B TeT-
paokuch azora NoOy4 Tonbko npu Temneparype ruxke 150°C. [IByokuch
a30Ta MOXET UrpaTh TY XKE POJb B pAAHKAIBHOM 3aMEIIECHHH BOAOPO/A B
aJKaHax, 4TO ¥ aTOM rajorena. boiee BbIcOKas cTabHUIBHOCTH pafiHKaia
-NO; 1o cpaBHEHHIO C aTOMapHBIM TajJOr€HOM ONpelessieT MEHBIIYIO
PEaKNHOHHYO CIIOCOOHOCTE IBYOKUCH a30Ta B PaAUKANBHBIX PEAKIIHIX.
dynxnuoHanbHas -NQO,-rpynmna B OpraHddyeckod XUMHHU Ha3biBaeTcs
HuUmMpo2pynnoi, a caM TIpOLECC 3aMENICHHSA BOJOPOAAa HAa HUTPOIpYM-
ny — peaxyueil Humpoeganus. HuTpoBaHHMe anKaHOB IOJ JAcHCTBHEM
pa3zbasnennoit 10-20%-if a30THOM KUCJIOTH IpU HarpeBanuy 1o 150°C
amnynax srepssie 0buI0 BhiTonHEHO M. M. KonosasnopsiMm B 1888 T Ilpu
HHUTPOBAaHHM H-TEKCaHa B DTHX YCIOBHAX 0Opa3syeTcsl 2-HUTPOIeKCaH
¢ BbIxOoOM 63%. J[lampHeimee pa3BUTHE 3TOT METOA IONY4YWI B
TAaK HA3bIBACMOM Mapoga3HOM HHUTPOBaHHM aimkaHoB (Xacc, 1936r1).
Ilpu mpomyckaHuu cMecH IapoB JByX MOJIEH alkaHa M OJHOTO MOJA
KOHICHTPHPOBAHHOH a30THOH KUCJIOTHI Uepe3 TOHKUE TPYOKYU peakTopa
ripu 420-450°C aran, nponan, #-OyTad 1 H300yTaH 00pa3yioT CIOXKHbIE
CMECH HMTPOAJIKAHOR, COOEPIKALIUE TAKKE COCHUHECHHUS C MEHBIIUM
YHCJIOM aTOMOB YInepojia, YeM B HMCXOOHOM yrieBogopoze. V3 sTaHa
oJTydaeTcs cMech, coaepaxawas 90% uurposrana u 10% HuTpomeraHa.
[Ipu HUTPOBAHHHM IIpoOIIaHa ojayvaeTrcs ¢ obuuM BeIxoaoM 21% cmech
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HHTpOaIIKaHOB CHC}IYEOIIICFO COoCTana.
CH3CH,CH; +HONO, 222, CH,CH,CH,NO, +
(32%)
+CH3CH(NO;,)CH;3 + CH3CH;NO, + CH;3;NO;.
(33%) {26%) (9%)

TakuMm obpazoM, npu mapo¢da3HOM HHUTPOBAHHM PBYTCSl CBSI3H HE
tonpko C—H, Ho u C—C, T. €. HUTPOBAHUE COIPOBMKAAETCA KPEKHHIOM
ymerofoponoB. HutpoBaHHMe MeTaHa a30THOM KHCIOTOH BKIIOYAET
CIEeAYIOUHe CTaAuM:

CH,4 + -NO,; — HNO, + CHj5;
HN02 +}1NO3 — Hzo +2- NOQ;
-CHj +-NO, — CH3NO;.

Tak Kax KOHUEHTpaIHus CTa0HILHOIO B 3TUX YCIOBHAX pafukana -NO;
JIOCTaTOYHO BBICOKA, OH OBICTPO Pearupyer ¢ METHJILHBIM DaJuKalIoM,
yT0 obecrieuuBaeT NpeebHO HU3KYHO KOHIIEHTpanuo panukana CHs- u
HCKITIOYAET PAa3BUTHE NTOOOUHBIX pagiKaTIbHBIX Leniel. J[ByoKUCh a3ora,
TakuM o0pa3oM, WIrpaeT poilb NepexBaTyhKa METHILHOTO pajvKana.
MexaHu3M mapoda3zHoro HUTPOBAHHA OTVIHYAETCS OT MEXaHH3Ma rajo-
T€HHPOBAaHHUS BBICOKOM KOHLEHTpalHed paiuKalbHOM yacTHIEl -NO,.
B Hacrosilee BpeMst B KayeCcTBE HUTPYIOUIETO areHTa HCIOJIb3YIOT
IBYOKHCE a3ota npu 450°C.

4.4.7. KPEKHHI" AJIKAHOB

Ilpu narpesanmuu Beie 500°C ankaHbl NOABEPTAKOTCS MHPOIHMTH-
JECKOMY pa3JI0KEHHID ¢ 00pa3oBaHHEM CJIOKHOH CMECH IPOAYKTOB,
COCTaB M COOTHOIIEHHE KOTOPBIX 3aBHCAT OT TEMIEpPATypsl H Bpe-
MEHH peakuuH. [IpM nHpoim3e IMPOMCXOONT DPACUICIUIEHHE YIIepoi-
YITIEPOAHBIX CBs3ell ¢ 00pa30BaHMEM AIKMIIBHBIX PAaAHUKaIOB. DHEPIHH
YITIEPOA-YIIICPOAHBIX CBA3€H B ajkaHax ONM3KU IO BEJHYHHE [UIS
NIEPBUYHBIX, BTOPHYHBIX, TPETHYHBIX 1 YETBEPTHUYHEIX aTOMOB yIIIepoaa

Ta6nuua 4.7
DHepryM yri1epoA-yrjiepoaHoii CBsi3H B aJikaHax
VYrneronopon Tun ceazu C—C AH®, xkas/™Mons
CH;—CH3 nepBHYHLIA—TIEPBUYHbIH 88
CH;3;CH;CH2—CH3 NEPBHYHBIH—BTOPUYHBIH 85
CH3CH,;—CH,CH; BTOPUYHBIH—BTOPHYHbIA 82
(CH;),CH—CH; NEePBHYHBIN—TPETHYHbLH 84
(CH3);:C—CH; IEPBHUHBIH—4ETBEPTUYHBIHA 81
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(tabi1. 4.7) 1 B )KECTKHX YCIOBHIX MUPOJIH3A PACHICIUICHHE JTI000H CBI3H
CH,—CH; B HOpMaJIBHBIX alTKaHaX PaBHOBEPOSTHO.

JUTs pa3BeTBIEHHBIX YIIIEBOAOPOAOB MPEUMYIECTBEHHO MPOUCKO-
ITT Pa3phiB CBSI3M ¥ TPETHUHOTO WIH YETBEPTHUHOIO aTOMa yIIepo/a.

s cBOOOAHBIX aMKHIIBHBIX PAIMKATIOB XapaKTepHB! JBa OCHOBHBIX
THITa NPEBPAIICHUS: PEKOMOUHAIIHSA U JTUCIIPOMIOPUUOHUpOBaHHe, Tak,
HAampuMep, HNpyd nupoiuse x#-0yTaHa MepBOHAYANBHO 00pazyroTcd Me-
THUIIbHBIH, 3THIIBHBIA U IPONWIBHBIN paguKaisl:

CH, - +CH,CH,CH, -
600 °c/
CH,CH,CH,CH, ¢
600 °C

CH,CH, - + CH,CH, -

PexoMOUWHAIMA 3TUX PaIMKAJIOB MPUBOIUT K OOPasOBAaHUIO CMECH
JTaHa, IporaHa, OyTaHa, IIEHTaHa W TeKCaHa, KOTOpbhle MOIBEeprarmoTcs
HOBTOpPHOMY pacmeruienuto. [Ipu Harpesanmm Bbie 600°C pexom-
OuHAIMs PagUKAJIOB, MO-BUAMMOMY, HE HIpaeT CYUIECTBEHHOW pOIH
W OCHOBHBIM HalpaBJIeHHEM JajbHEHIero NMpeBpalleHus paludKaloB
oxazbiBaeTcs aMcnpornopurordposanne. CymecTByOT B2 OCHOBHBIX
THIA JUCHPONOPHHUOHHPOBAHUS CBOOOAHBIX alKIWIBHBIX pagukanos. B
OTHOM M3 HHX PaJIiKall OTHIEIISET aTOM BOXOPOJIA OT HCXOAHOTO aJlKaHa
HJIH aiKaHa, 00pa3ylonerocs B pe3yjibTare peKoMOUHAIUY paJuKaIoOB:

RCH,CH,CH, - +RCH,CH,CH,CH,CH,CH,R —
— RCH,CH,CHj; + RCH,CH,CH,CH,CHCH,R.

DT0 npeBpanieHue MOJIYIUIIo Ha3BaHUE PeaKyuu NepeHoca paouKarbHou
yenu. JIpyroit THI JUCIPONOPLHOHUPOBAHUS AJIKWIBHBIX PaIvKaIoB
HaseIBaeTcs (-pacujennenuem (B-pacnadom). B pesynwsrare (B-pacnaga
IOJIy4aeTCs aIKeH M HOBBIN PAUKall C HECIAPEHHBIM 3JIEKTPOHOM Ha
(-yIIeponHOM aTOMe MO OTHONICHHIO K MONOXKCHHIO HECIapeHHOIO
DIIEKTPOHA B HMCXOMHOM pamukane. Jlamee 3TOT MpOLECC MOXET IIO-
BTOPSTBCS 0 TeX MOp, MOKa B pe3yibrare (-pacrafga He MOIYdHTCS
METHIBHBIN paaHKam U STHIICH:

B H .
RCH,CH,CH,— EH,CHCH R B-pacmax__

B i
—RCH,--CH,CH, - + CH, = CHCH,R

B-pacnag
CH,=CH;+RCH, - »>u 1. 2.

350



MetunsHBIH paguKkal B KOHEYHOM HTOTe JaeT METaH B pe3ylbTare
nepeHoca paaukansHoii nerd. [locaeoBaTeIbHOCTE NPOTEKAIOIIHX ITPH
3TOM IpeBpanieHni JIeTKO NPOCHeAUTh Ha MOJIETLHON peakfus ITUpoIiv-
3a H-HOHaHa. Kak W Jyis APYrHX ajKaHOB, MEPBOHAYANBHO B pe3yabTare
romonutTHaeckoro pacmenienns C—C-cBa3n o6pa3yloTcs alKHiIbHBIC
palMKalIbl, HapHUMep:

H-CgHzo —t-o—* C3H7 . +C6H13 °

3TH pamMKanel ganee MoaBepraworcsa [G-pacnany pa3meOM yriepoa-
YTIEPOIHOH CBI3H:

CH3CH,CH,- — CH; -+CH,=CH,;
CH;CH,CH,CH,CH,CH;- — CH;CH,CH,CH,; - +CH,;=CHp>;
CH;CH,;CH,CH,- — CH3CH, - +CH,=CHzy;

CH;CH,- — H - +CH;=CHj;.

bonpmas 9acTh aaKHIIBHBIX PAaAUKaJIOB BO3HHKAET HE ITPH IOMOIIH3EC
C—C-cBsa3u B ajJJKaHe, a4 B PE3Y/IbTAaTC OTIICIUICHHS OT HETO aroMa
BONOpOAJa € IOMOINBKD METHIIBHOIO pajrKala. Ot PEaKIiMl HOCAT
Ha3BaHHUE nepeHoca yenu:

CyHjo + CHj- — CH, + CH;(CH,)sCHCH;

CH;3(CH,)CHCH; 2™, CH,;CH=CH, + CH3(CH,)sCH,;

B-pacnag

CH3(CH2)4CH2' H.+3CH,=CH;.

ATOM BOIIOPOJIA MJTH METHIIBHBIA PaiHKAI, 00pa3yromecs a pe3ynsTare
CEPHH MOCJENOBaTEIbHBIX INpOIECcCOB [J-pacliafa, OTHIEIUISIOT aTOM
BOJIOPOA2 OT HOBOH MOJIEKYNBl ajlkaHa, HENPEPBHIBHO BO30OHOBINISs
pa3sBUTHE pAAMKANILHONW Iend. B 3aBHCHMOCTH OT BHEIIHHUX YCJIOBHH
(TeMriepaTypsl ¥ BpEMEHH KOHTAKTa C HarpeTOd IOBEPXHOCTHIO) HpH
MUPONH3E aNKaHOB 0Opa3syeTcsA CIOKHAs CMECh JHOO JXKHIKHX, JHOO
razo00pazHBIX YIIeBoJoponoB. Peakiuu J-pacnaga aikulIbHEIX panu-
KaJIOB XapaKTepU3yloTcs Ooiee BHICOKOH dHEpryeii akTUBALMH 0 CPaB-
HEHHIO ¢ KOHKYPHPYIOUIMMH NpoLiecCaMH PeKOMOMHALIMU M HepeHoca
paaukansHOi uend. [TosToMy crkopocTh F-pacnaja ¢ pocTOM TeMmepa-
TypBI Bo3pacTaeTr ObicTpee, 4eM JUI APYTHX KOHKYPUDPYIOIHX PeaKiIvid.
Iipu 400-500°C u mpu MaioM BpPEMEHH BBIICPKKH B IPOAYKTAX ITHPO-
nu3a npeofiiamaroT Kuiakue yriaeBogopoabl. OnHako npu 750-900°C
U JUIMTEIBHOM KOHTAKTe ¢ HarpeTod IMOBEPXHOCTHIO Npeodiiamaror
Ipolecchl B-pacnaja, NpUBOIsUIME K 00pa3oBaHUIO CIOXKHON CMecH
ra3000pa3HBIX YITIEBONOPOLOB: 3TUIIEHA, [IPOIHIeHa, OyTeHOB, MeTaHa
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U Op. B kadecTBe THNHUYHOrO IpuUMepa INPUBEIEM paclpenesIcHHe
MPOAYKTOB IIpH IHpoNH3e x-rekcada npu 700-900°C:

n-CgHyq ~27%%°C, CH, +CH,=CH, +
(15%) (40%)

+CH;3;CH= CH; + npyrue yrieBo1opoabl.
(20%) (25%)

B 1930-1950 1. muposnu3 BRICIIHX aJKAHOB IIHPOKO HCHOIB30BAI-
¢ B NPOMBIILIEHHOCTH s IONYYEHHS CJIOXKHON CMECH AJIKaHOB U
AIKEHOB, COAEPXKAHIUK OT MATH A0 JecaTH aToMoB yrepozaa. OH mo-
Jy4d]l Ha3BaHUE «mepmuieckuti Kpexuney. C TIOMOMBI0 TEPMUYECKOTO
KPEKHHI2 YaBaJOCh YBEIUYHTEH KOJIHYECTBO OEH3MHOBOH (pakuuu 3a
CYeT pacCLICIUICHUs AJIKAHOB, COAEP KAIINXCSI B KEPOCHHOBOH . (ppaKIHK
(Cy0—Cy5) 1 dpakmuu congposoro maciaa (Cijo—Cy). OmHako OKTa-
HOBOE 4MCIIO OeH3MHAa, TOJTYYEHHOTO [PU TEPMUYECKOM KPEKHHTE, He
[peBblIaeT 65, YTO HE YHOBIETBOPIET TPeOOBAHUAM, IPENbABIIEMbIM
K JBMraTejsiM BHYTPEHHETO CrOpaHHs COBPEMEHHOro asromobuii. B
HacTosllllee BpeMs TEPMHUYECKHH KpPEKUMHI IIONHOCTBIO BBITECHEH B
MPOMBITUZICHHOCTH KaTaTUTHYECKIM KpeKMHToM. KaTanutuaeckuii kpe-
KHMHT IIPOBOIST B Ta30BOH ¢a3ze npu Oosiee HU3KUX TeMIepaTypax —
400-450°C u Hu3KoM paBiteHHd — 10-15 aT™ Ha amOMOCHITHKATHOM Ka-
tanusarope (87% Si0; u 13% Al;03), KOTOPBIH HENPEPLIBHO PEreHEpH-
pyercs CXKMraHueM obpa3syronierocs Ha HeM KOKCa B TOKe Bo3ayxa. Ilpu
KaTATUTHYECKOM KPEKHUHTE B MOIYYCHHOM O€H3MHE PE3KO BO3DPACTAET
CONEpPKaHHUE alTKAHOB C PAa3BETBIICHHOH CTpyKTypoi. Kpome Toro, on
CONCP)KUT 3HAUUTEIHHOE KOIHUECTBO apOMAaTHYECKUX YTIEBOJOPOJIOB,
00pa3yIoHXCcs B pe3yIbTaTe MUKITH3AIMY U ACTHAPHPOBAHUS aKAHOB
U IIUKI0ANKaHOB (cM. 1. 24). TakuM 00pazoM, KATATHTHIECKUE METOIBI
nepepaboTky HedTH MONHOCTBIO OTBEYAIOT IOBHIIIEHHBIM TpeboBa-
HHUSIM, TPEIBIBSIEMBIM K BBICOKOOKTAaHOBOMY TOIUIMBY. [lostomy B
TIPOU3BOICTBE OCH3WHA DTH METOABI BHITCCHHIIH CTapble TEPMHUECKHE
MeTob! iepepaboTky HehTH.

TepMuueckue MeTonsl nepepaboTKd OEH3MHOBOK M KEPOCHHOBOM
¢$pakunit HepTH COXPAHWIH CBOE 3HAYCHHE U HCIIOIB3YIOTCA B IIpPO-
MBIIIIEHHOCTH UCKITIOUHUTEIBHO C LEIBI0 MOTYICHHS ITHJICHa H IIpo-
muaeHa (cM. 1. 28). OTHJIeH W IPOIMHIeH B OTPOMHOM KOIHYECTBE
HCHIOJIB3YIOTCS B KA4ECTBE MOHOMEPOB IIPH IIPOU3BOACTBE MOIMITHUIICHA
M HOJHUIIPONTMIEHA.

4.4.8. OKUCOUTEJbHAA JECTPYKIMS AJIKAHOB

B orpanuyeHHOM MaciuTabe B IPOMBIILIEHHOCTH HCITONB3YIOT OKHC-
JIeHHe BBICIIMX MapaduHOB KHCIopoaoM Bo3ayxa npu 100-150°C B npu-
CYTCTBHH alleTara Mapraxia kak karaausaropa. OKuciaeHre NpOUCXOIHT
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[IpH NPOAYBaHUM TOKA BO3AyXa Yepe3 paciuiaBieHHbIN mapahuH, conep-
MalUi COF MapraHua. B pe3ynsrare pas3pelBa yOIepOA-YINIEPOIHOM
cBsI3u 00pasyeTcs CIOXKHasA CMeCh KUCIOT ¢ HOPMANbHOH HENbH):

RCH,CH,R’ O RCOOH +R'COOH.
(CH3COO)>Mn; 100—150°C

KucitoTo! oTAeISIOT OT HEelIpopearupoBaBuIero napaduna pacTBOpeHueM
B BOJHOH MIEIOYH C MNOCAEAYIONIEH HEHTpalu3alMeHd MHUHEPATLHOMU
KHCI0TOH. Pa3sHOBHAHOCTBIO 3TOT0 METOMA SBISIETCA OJHH U3 IIPO-
MBIILIEHHBIX CITIOCOO0B MMONYYEHHS YKCYCHOM KHUCIIOTHI OKHCIUTEIBHON
necTpykipeii #-OyTaHa:

(CH3CO0);Co
170—180°C; 50 atm
+CH;COOH (50%).

CH3;CH,CH,CH; + O, CH;COOH+

4.4.9. HAEHTUOUKAIMA AJTIKHJIBHBIX PAJJUKAJIOB

IlpsiMoe n0Ka3aTenbCTBO CYIIECTBOBAHHSA CBODOMHBIX AJIKHMIIBHBIX
paKaIoB — HECTaOUIBHEIX HHTEPMEIHATOB C TPEXBAJIEHTHBIM aTOMOM
yniepoaa — OpLTo monydeHo B 19291 B u3smHsIx onbitax llanera u
Xodmuua. IToTok asoTa WM BOROpOAA, HACHILEHHBIH MapaMd TeTpa-
METHJICBHHIIA, MPOITyCKaJICAd Yepe3 KBapleByI0 TpyOKy B MPOTOYHOH
CHCTEME M OCTAaTOYHOM jaBjeHMH 1-2 MM pT. ¢T. Ha ompenenenHom
yyactke TpyOKy marpesaioT 1o S00-600°C, mpu >TOM MeTaluiopra-
HHYECKOE COEAMHEHHE pa3jlaraeTcsi M Ha CTEeHKax TpyOKH ocTaercs
3epKaJbHBIA HaJeT CBHHIA:

Pb(CH3)4 — Pb+4CHj.

3areM TpyOKa BHOBb Harpepajiack B 30HE, PacCHOJIOKEHHOH OmmKe K
BXONY Ta30B, a 30Ha CBHHIIOBOIO 3epKalla ocTaBaiach xouomHo#. IIpu
3TOM CTAapOe 3ePKAIo UCYe3aeT, a B 30He IIOBTOPHOro pasorpesa obpasy-
€TCsl HOBOE CBHHLIOBOE 3epKaito. [I[poayKTOM TEpMHYECKOro pa3IoKeHHs
Pb(CHj), momxkeH ObITh ras, cnocoOHBIH peardpoBarh ¢ XOJIOMHEIM
METANITHYECKUM CBHHIOM. DKCIIEPHMEHTANBHO OBLIO YCTAHOBIICHO, YTO
BOJIOPOJ, a30T, ITWICH, METaH M 3TaH HE PEearHpPyIOT CO CBHHIOM.
Cre1oBaTeNbHO, CBHHIOBOE 3€PKAIO B3aHMOICHCTBYET €O CBOOGOIHEIM
METHJIBHBIM PajMKalloM, BHOBb 00pasyst TeTpaMeTHICBHHEL!

4. CH3 +Pb — Pb(CH3)4

OTOT BBIBOJ OBUT 3aTe€M NONTBEPXKIEH B APYIMX JKCIIEPUMEHTAX, Iie
BMECTO 3epKaja U3 CBHHIA ObLIH UCHOJIL30BAHBI 3€PKANIa U3 LIMHKA HIIH
CYpPBMBI, @ B KQUeCTBE I'a3a-HOCHTENS — BOAOPOJ, HACHIUEHHbIH mapaMuy
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TeTpamMeruncBuHNa. [Ipu 3TOM nocine «CHATUS METaNIHYECKOTO 3epPKa-
714 B IPOAYKTax peakiuu Obutn obHapykeHbl quMetuiniak Zn(CHs),
unH TpuMeTtuncypsMa Sb(CH3)3, KOTOpBIE MOTYT MONYYHTHCS TOIBKO IO
peaxuyu

2-CHj +Zn — Zn(CHs)y;
3. CH; +Sb — Sb(CH3);.

Taxum xe ciocobom u3 Pb(C,Hs)y yaanock uaeHTHOHUIHPOBATL paiy-
kan -CyHs. B 3THX 3kcriepuMeHTax N0 MCHE3HOBEHHIO MeTalUTHYECKUX
3epKaJl YAaJI0Ch ONPENEIUTH NOMYNEepHo]] CyHIeCTBOBAHMS METHILHOTO
panmkana, koropeiit cocrapnser 0,005 ¢. B HacTosiee BpeMs Hanbomnee
3(peKTHBHBIM METOIOM TEHEPAallMH aJKWIBHBIX PaAvKajoB ABJISETCH
obiygenne Y@-cBeTOM 3aMOPOKEHHOTO IIPH OUEHDb HU3KHX TEMIIEpaTy-
pax oOpa3sla B aproHHOH MaTpHIE.

4.4.10. DJIEKTPOOHJIIBHBIE PEAKIIHH AJIKAHOB

Xors Haubonee XxapakTepHOH AJI aJKAHOB XHMHUYECKOH peakiuen
SIBIISETCS OTpBIB aroMa Bogopopa cBsizu C—H mon peiictBueM pa-
JIUKaNbHBIX areHTOB, B OIPEICNIEHHBEIX YCIOBHSX MOTYT HPOXOIUTH
peakyy M C BIEKTPOHOASPUUHTHBIMHU, T.€. 3IEeKTPOGHILHBEIMU pe-
arcHTaMH, HalpUMep ¢ TPOTOHOM, KapOOKaTHOHAMM, COXEpXKAIUMU
TPeXBaJIeHTHBIH yrilepon (mpocredimii npumep —uod CHY), moHOM
murporus (NOZ) B T. . B 3THX peakiupsx 3aTparuBaroTcs HE TOJIBKO
CH-cBsI3M aJKaHOB, KaK B pafHKaIbHBIX Iporeccax, Ho u cesizy C—C
MEXAY aroMaMM yriepona. Peakuuu ankaHOB ¢ IPOTOHOM HaOirona-
OTCA B CyNepKUACHBIX cpenfax (m1. 3, pasn. 3.3.4), U3 KOTOpBIX Hamie
BCET0 HCNONB3YIOT Gropcynbhoropyio kuciaoTy FSO3;H umn 6e3ponnyro
(TOPUCTOBOAOPOIHYIO KHCIIOTY B CMecH ¢ kHciaoTod Jintouca SbFs. B
pe3ynbTaTe PaBHOBECHBIX PEAKIMH BO3HHMKAIOT KOMITIEKCHBIE KHMCIIOTB
(B mpaBoii 4acTH NpPHBEACHHBIX ypaBHEHWH), o0Nafarolie OrpOMHOR
[POTOHUPYIOUIEH CITOCOOHOCTBIO:

FSO;H + SbFs & H*(SbFsSO;3F) ™,
HF + SbFs <5 H*(SbFe) ™.

DT KUCIOTH! CIIOCOGHBI IPOTOHHPOBATH AaXke alKaHbl. Jing ymydine-
HUs pACTBOPUMOCTH alKaHOB B YKa3aHHBIX CYNEpPKHCIOTaX IMOCIEIHHE
MPUMEHAIOT HE B YHACTOM BHIE, @ B CMECH, HalpUMEp, C KHJIKOH
nsyokrcbio cepsl SO, win ¢ SO,CIF. BriGop UMEHHO TakuX pacTBO-
pUTEnell TUKTyeTcs O4YeHb KECTKUM YCIOBHEM: PAaCTBOPHTENE IOIKEH
ofianarek Kak MOXHO QoJiee HU3KOH OCHOBHOCTBIO, YTOOBI HE CHHMXKATh
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CYNEPKHCIOTHOCTh CPefibl. B TakuX yCJIOBUSX alIKaHbI IPHUCOEIHUHAIOT
MPOTOH, 00pa3ysi HOHBI AJIKOHHS, HallpHMep:

CHy +H'(SbFsSO3F)™ = CH;(SbFsSO3F)™.

OCHOBAHHE KHCJIOTa HOH MCTOHHA

B raBe 3 Mpl paccMaTpuBald OCHOBAHHS, KOTOPbIE HPHUCOCHHHS-
10T MPOTOHBl MM JAPYTHe KHUCIOTH! JIpIoHMCa IO HENOAENEHHOW Iape
MEKTPOOTPHIIATENBHOTO dieMeHTa. I1oCKONbKy OpOHMTaNb, HECYIIylo
HENOACIEHHYIO IIapy, NPHHATO 0003HayaTh KaK n-OpOHUTanb, TaKue
OCHOBaHHA MOJYYHIH HA3BaHUE M-OCHOBAHUU WIH N-OOHOPOE 3NeK-
mpoHog. AJKaHBI UMEIOT MEKTPOHB! JIMIIb HAa O-CBA3SX, MOJITOMY
HX CIIeAyeT CYHTATh O-OCHOBAHUSIMM Wix o-HoHOpaMH. CyIecTBYeT
elle ¥ TPETHH BHI OCHOBHOCTH, XapaKTePHBIH JJIsi OJIc(PUHOB, KOTO-
pBle MOKHO CYHTATh T-OCHOBAHUSMH WM 7-IOHOpPaMH. TakuM oOpa-
30M, JIOHOPBI IEKTPOHOB MOXHO KJIACCHOHUUHMPOBATh, KaK ITOKA3aHO
B TabI. 4.8.

Tabnuua 4.8
Tunsl AOHOPOB 31EKTPOHOB
n-OcHoBaHus m-OCHOBaHUA o-OcHoBaHUA
(n-NOHOPBI HECBS3bI- {T-HOHOPBI CBA3BI- (G-I0HOPH! CBA3BI-
BAIOLIMX IEKTPOHOB) BAIOIIKX JIEKTPOHOB) | BAIOIIMX JEKTPOHOR)
I'erepoaromsl, Hanpumep O, S, aNKEeHbI ANMKAHBI
N, Hal AJIKHHbI NIPOCTHIE CBA3H BCEX THIIOB
Kap6anuonsr R™: apeHbl (C—H,C—C,H-Hurtn)

Kax npaBuno, 0CHOBHOCTh yOLIBaeT B psfly: #-OCHOBaHUS > T-0OC-
HOBaHUS > ¢-OCHOBAHUs. JTO CBS3aHO C PSIOM NPHYHH. BOo-TIepBHIX,
n-opbuTany (HeroaeIeHHbIe Maphl) IPOCTPaHCTBEHHO OoJee ZOCTYITHEI
JUIs B3aUMOAEHCTBHUS C MyCTON OpOUTAIBIO KUCIOTHI, YeM - 1 0COOEHHO
o-opburaiu. Bo-BTOpEIX, n-opbuTany rexar Belme m-opburaieii, 1 oco-
OeHHO o-opOHuTaNeil, ¥ MO3TOMY BO3MYILIEHHE, TPUBOsIEe X 00pa3o-
BaHUIO KOBAJICHTHOMN CBSA3M IPU KHCIOTHO-OCHOBHOM B3aUMCACHCTBUH,
TOJIXKHO OBITH GOJIbIIE IS #-OpOUTANICH:

{nyctas opburans)

(S
I ” » (}‘\‘b
0CHOBaKUR KUCROTSR
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Ortcroga crnemyer, YTO ajKaHbl NOMKHBI OBITH CAMBIMM CIa0bIMH W3
HEUTpaNbHBIX OPraHHYECKHX OCHOBAHHIA.

4.4.10.a. CTPOEHUE HOHA METOHHA

Mon meronns CH:, KOTOpBI IKCIEPHMEHTANbHO HaGIIOZANCH B
Macc-CIeKTpax, MMEEeT MAaTOCHMMMETPHYHOE CTPOEHHE, TaK KaK IpH
TIPOTOHHPOBAaHHHE METAHA B PEaKU[MH Y4acTBYeT IMIaBHas 10 rubpuam-
30BaHHOi sp>-op6uTanu (PponTansHas ataka). dnexrpopun HY araxyer
MECTa C NIOBBLINIEHHOMH 3IEKTPOHHOH IUIOTHOCTRIO, T. €. MEXIy aTOMaMH
C u H, a He mo 3amHed mond opOWUTaNd, HIPAOUIEH OTHOCHTENHHO
MaIYIO POAb!

H H ® H Ha
d
N ® N3 N
F<B + hoe= el o S
H~ / ’/ s
H i H Hs
Paccrosune H—H, cormacHo pacueraMm, OYTH B TOYHOCTH PABHO
MEXIPOTOHHOMY PacCTOSHHIO B MoJleKyie Bopopona. OTciofa cleayer,
yrto karuon CHE MOXHO paccMaTpHBarth H kak komiekc kuciorst CHY
u o-ocHOBaHUA H,. OTuM o00BscHsAeTcd ¢akT JErKOro paclleIICHUs
CH; na CHj u H,. BerneacTre yka3aHHOTO SIBICHHMA B HOHE METOHMSA
BO3MOHHI IIEPErPYIITHPOBKYU «OT CBSA3H K CBI3H», KOTOpble OOHAPYXHU-
BAIOTCS, HAITPHUMED, [IPH IPUMEHEHHUH JEHTCPUEBON METKH:

. H .
\,"?___u\ /l__;\r'

H

SOl 4 = 0T+ =0 +'|
* ~o )

H

O AT S R

I 1

+
CHy+ D CH,D* + HD CHD; + H,

UTa.

4.4.10.6. MEXAHU3M SJIEKTPOGUIILHBIX PEAKLIUA ATIKAHOB

[eHTaKOOPIHHMPOBAHHbBIE COefMHenus yrepona CHE,

MR
ch:\"‘ i ’ RSC:\:' ':
E “E

u apyrue, tne E =D, H, R, NO;, Hal —3T0 HOHBI «HEKIACCHUECKOID»
CTPYKTYpBI, a4 TPEXKOOPAHHUpOBaHHBIE YacTHUBI R3C* —aTo Kiaccu-
YEeCKHE HOHBI, B KOTODBIX CBS3b MEXAY KaXAOH Napod COCEIHHX
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aTOMOB OCYUICCTBIIACTCA Hapoﬁ 3JICKTPOHOB. KarroHsl IIepBOro THNA
Ha3bBIBAIOTCA Kap6OHll€8bLMu HOHAMH, a KaTHOHBI BTOPOro THIIA — Kap-
benuesvimu HOHaMH, TaK Kaxk (bOpMaIIbHO HX MOXHO paCcCMaTpHBAaTh KaK
ITPOTOHNPOBAHHEIC Kap6eH}>1:

: CH, + H™ — CH; xap6eHueBbIi HOH.

Houn tna CH} MOXHO Ha3biBaTh Taroke kapboxarHoHamu (Tak ke,
xak ¥ noHs! THia CHY), n Huxe MBI GyieM HCIIONb30BaTh 3TO Ha3BaHHUE.
Crnenyer 3aMeTHTD, YTO paHbIIE TEPMHH «KapOOHUEBBIH HOH» HCIIONb-
30BaNICA JUISA COSAMHEHHUH TPEXBAEHTHOTO YTIIEPOa, TaK KaK TOTr/a eIle
He ObLIIM W3BECTHBHI MIEKTPO(PUALHEIE PEAKIIHH ATKAHOB.

K 3nexTpoduIIbHEIM peakiusM aIKaHOB OTHOCATCS Karalu3upyeMble
KHCIIOTaMH peaklMd H30MepH3ali{ YIIEeBONOPOAOB, (GparMeHTAIlHH,
LUKIH3AHH, 8 TAKKE eKTPOodHIsHOE HUTPOBaHUE, IaJIOreHUPOBAHUE
¥ HEKOTOpBIE ApPYrHe peakiuu. B OCHOBe peakuHOHHOH CIOCOOHOCTH
ceasedd C—H mmn C—C B Takux peaknuax JEXHT HX CIIOCODHOCTH
OpPraHW30BbIBATh NEHTAKOOPIHHUPOBAaHHBIE KapOoHHEeBble MOHBI [lo-
clenyrolee paciiellIeHHe TPEXIIEHTPOBOH CBI3H BesieT K 00pa3oBaHUIO
TPEXBAJICHTHBIX KapOOKaTHOHOB (HOHOB KapOeHHA) U TIPOAYKTOB 3aMe-
meHss (a TakKe IPOAYKTOB HepeHOca BOAOPOa):

N G2 (nepeHoc
*//'RSC + EH gonoponal
RC—H + E° ~
j @  (MeKTPOPUALHOE
= TRCE+ HT Yiaveuienve)
- ~#
@ . R @ (anexTpousHoR
RC—CR;+E +— R;(f"; F=RCE + RyC uMeLpe;Ble)
E

IlepexonHOe COCTOSIHUE ABISETCH (TPEYTONBHBIMY, T. €. UHKIHYEe-
CKHM TpPEXIeHTPOBBIM JBYXJIEKTPOHHBIM. DTO ClellyeT, BO-IIEPhIX, U3
MpeInoIaraeMoii CTpYKTYPEl HOHA METOHHS, a4 BO-BTOPBIX, U3 IIPOCTHIX
MOJIEKYIAPHO-OPOUTANBHBIX IPECTaBIEeHU.

PaccMOTpHM [UIst IPOCTOTHI B KA4ECTBE MOAETH EPEXOAHOI0 COCTO-
SHHUS IPOTOHHPOBAHHYIO MOJIEKy/ly Bogopoaa Hj B IHHEHHOI, yIiioBoi
WIM TpeyronbHoil opme:

hHD
(H--"H--'-H)Q (He ._H)® H8

YrnoBas (opma SBISETCA HPOMEXYTOYHOH MeXAy JIHMHEHHOH U
TPEeYrojbHOM, ee cTabUILHOCTE OyneT NpOoMexXyTOTHOMH, IO3TOMY Orpa-
HUYHMCS pACCMOTPEHHUEM JIUIIb IUHEHHOH U TpeyronbHoil hpopM. Kakas
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Puc. 4.10. Koppensuuonnas auarpamma yposHel MO nns nuHeRHOH H TpeyroabHOH
¢opm nona Hj

H3 3THX (opM crabuisHee? s pemieHHs: 3TOT0 BOIIPOCa BOCIOIb3Y-
€MCsl METOIOM BO3MYHIEHHH MONeKyIspHbIX opburaneii. Ha puc. 4.10
TIpHBENIEHA KOpPEIAIMOHHAs AuarpamMma, css3siBaromas yposHu MO
JIIHHENHON U TPeyrojbHOU CTPYKTYP.

MO suneiinoit monekynst Hj cTpostes m3 1s-opGuraneii Tpex
aToMOB BOJOpO/1a; OHM aHAJIOTWEHBI 7-OPOUTAIH alIUIBHOH CHCTEMBI
(1. 2). Hwxkuss opOuTans 1y He uMeeT y3108. OpObUTamnb 1), HMEeT OOHH
y3€l, IPOXOAIIUI depe3 HeHTpalbHbIl aroM H, BepxHss opburans
13 uMeeT JBa yzna (Mexay xaxjod mapoi 1s-AQO). Ilpu nepexone B
TPeyronbHy (GOpMY YPOBEHB 1)) MOHIDKAETCS BCIEICTBHE BO3HHUKHO-
BEHHS B HEH JOTIOIHUTEILHOTO CBA3BIBAIOMIETO B3AUMOICHCTBHS MEXKAY
KOHIIEBBIMH aTOMaMH BOJAOPOjia. YPOBEHE 1) MOBBIIIAETCA, MOCKOJIBKY
B TPEYrojpHON (hopMe Mex Iy KOHUEBBIMH aTOMaMH yCTaHaBIMBacTCA
AHTHUCBS3BIBAIOIIEE B3aUMOAEHCTBHE, KOTOPOTO He OBLIO B THHEHHOH
tdbopme. YpoBeHE 13 MOHMIKAETCH, TAK KaK BO3HHKAET CBSI3b MEXIY
KOHUEBBIMH aroMaMd. OpOUTaH 12 U 1P3 TPEYrOIbHOH (OPMBI HMEIOT
mo omHoMy y3i1y (Ha puc. 4.10 mOKa3aHO NYHKTHPHBIMH JHHHAMH)
M [O03TOMY BBIPOXKACHB! (MMEHT paBHYI0 3Hepruio). Ilockoibky B
OCHOBHOM COCTOSIHHH JBYX3JEKTpOHHOro Hona Hi opGutamu 1, u s
IyCThle, U3BMEHEHUE UX SHEPIHH HE YYMTHIBAETCS, 8 YUUTHIBAETCS JIMIIb
yPOBEHB 1. M3 KOppelauMoHHOM quarpamMmsl ciaeayert, uro Hj Goiee
cTrabuien B TpeyrombHOH opme.

4.4.10.8. TIPUMEPBI DJIEKTPODHUIILHBIX PEAKIIAIA

DneKTpOPUIILHBIE PEaKIHHY aJKAaHOB B CHHTE3€ IPaKTHYECKH HE HC-
HONB3YIOTCA ¥ UMEIOT JIMIIE [I03HABATENbHOE 3HadeHHe. MEI npuBeeM
HEKOTOpBIE IPUMEPHI TAKUX PEaKiHil ¢ YKa3aHUEM YCIIOBHI U BRIXOIOB
TPOLYKTOB. - : ' .
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Boaoponusiii o6mMeH. OTa peakius YacTHYHO yXe pacCMaTpHBalach
Bhie. Jlerkuit o6MeH Bofoposa B IONIOXKEHUH | ajaMaHTaHa B cymep-
KHCJIOH Cpene sBJISETCA J0Ka3aTelbCTBOM TPEYTONBHOIO IIEPEXOIHOIo
COCTOSIHHS:

H P D
DF/SbFs
-80°C
ajaManTar

B ankanax B pacrtBopax FSO;H/SbFs mpu Huskoit Temmeparype
(—80°C) npeobnanaer pacuwerienue cBsazeii C—H, a npu BBICOKHX
Temneparypax — ca3eit C—C. IIpocTpaHCcTBEHHBIE IIPENATCTBUA MOTYT
BIMATH O4eHb CUNBHO. Tak, B TpH-mpem-byTHiIMeTaHe TPETHYHAS CBA3b
OYEHb CHJIBHO SKpaHHUpOBaHa U MoO3TOMYy pearupyer aumb C—C- u
nepsuyHble C—H-cBs3u:

He pearwpyer

CH CHs
: /
CH—C——C—5-C—CH,
/ AN
cy | CHs
o D 0 en
3 CH; 3

AJKHIHpOBaHHe. DNeKTpOodHIbHOE ATKHIHPOBAHHE OCYIIECTBIIA-
€TCS WJIH IIpH B3aMMOJEHCTBHH alKAHOB C 3apaHee NOMyYeHHBIMH
KapbokarnoHamu R;C* (manpumep, -Bu’SbF¢), win mpu peaxuuu
ankaHoB ¢ KapGokatoHaMM R3;C*, BO3HMKAIOMMMH B pe3yibrare Ie-
peHoca Bomopoaa (Hanpumep: R3;CH + H' & H, + R3;C*. Peakiuo
cTabHWIBHEIX KapOOKaTHOHOB C aJIKaHaMK OOBIYHO H3YJalOT B paCTBOPax
cynsdypunxaopuadropuna npu —78°C, Hanpumep:

SO.CIF, © (CH3):C—C(CH); +HSbFs.

(BbIxOm ~2%)

(CH:;)3C63 SbFe + HC(CH3)3

YMeHblIEHUE IIPOCTPAHCTBRECHHBIX HpeH}ITCTBHﬁ IMOBBINIAET BBEIXOMA:
SOaClF
(CH3)ZCH C(CHj;); +HSbFs.

(BrixOR ~12%)

(CH3),CH®SbF + HC(CH;); ——

Hurposanne. Yrobsl H36exars cBOGOAHOPAIMKAIBHOIO HUTPOBa-
HUS ¥ KHCJIOTHOIO PacilleJICHUA NPOAYKTOB PEaKLHH, B JAHHOM Cly4ae
JUIS HUTPOBAaHHA OEpyT He caMy a3lOTHYIO KHMCIIOTY, a CTaGuibHble
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comu Hutponus (nanpumep, NO;PF. ) B anpoTOHHBIX PacTBOPHTEIAX
(HanpnMep, cMeCH XJOPHCTOrO METHIIEHA C TeTPaMeTHIIEHCYIb()OHOM).
B cinyuyae MeraHa W 3TaHa NPOAYKTHI HUTPOBAHMS — HUTPOMETaH MU
HUTPO3TAaH — K KUCJIOTaM HE YYBCTBUTEIBHBI H B KAYECTBE PAaCTBOPH-
Teneil MoxHO npuMeHsTh 6e3sonusle HF u FSOsH, B koropbix BBIXOMBI
BBIIIIE;

RH+NOYPFY ——————— R—NO, + HPF;
CH>Cl» cynbdonan

RH CHs C;Hs Boiclude ankansl  ajaMaHTaH
Boixon (%) 1 1 2-5 10

XnopupoBanne. Ilpu snekrpopUjIBHOM XJIOPHPOBAaHHH AJKaHOB
BEIXOIIB! NPOAYKTOB H3MeHstoTcs oT 2-5% (B cimydae MeraHa) 10
55-60% (B ciayuae BEICIIHX ajKaHOB). OCOOEHHOCTE peakHuU NEKTPO-
(GHUIBHOTO raJOreHUPOBAHUS COCTOUT B €€ BBICOKOW CENEKTHMBHOCTH: H3
MeraHa obpasyerca Tonbko CH;Cl u He obpasyrores CH,Cl;, CHCl;
u CCly:

SbFs
SO,CIF, —78°

CH4+Cl, c CH;Cl1+HCI (Br1x0g ~ 2-5%).

INeperpynnupoBkH. [Ipy u3oMepH3alyy ajIKaHOB, KaTAIHU3UPYEMOH
KHCIIOTAMH, NEPBUYHBIM aKTOM SIBISETCS IpHCOENUHEHHE NPOTOHA C
o0pa3oBaHHeM MATHKOOPAHHALIMOHHOTO KaTHOHA. B nocnenyroiei cra-
VY TIpH OTHIEIUIEHUH MOJEKYJIBl BOAOPOAa UM HU3KOMOIEKYISPHOIO
ajgkaHa oOpa3yeTcs TPEeXKOOPAWHAIMOHHBIA KATHOH, KOTOPBIA MOMXKET
MeperpynnupoBLIBaThcs B Oonee cTabMIBHBIA KaTHOH HyTEM Pa3HOro
pona BHYTPH- H MEXMOIEKYNAPHEIX NPOIIECCOB (aIKUIHPOBAHHE, OT-
UIETUTEHHS aJIKaHa HIH MOJIEKYBI BOIOPOA, IIEPEMELICHHS aTIKUIa UITH
aroma Boziopoza). Ha mpuBeneHHOH HHXe CXEME I1OKa3aHBl IPOLECCH
H3oMepH3alud H-OyTaHa B M300yTaH B KUCIBIX cpefax. B mporecce
JTOH CIIOXKHOHN peakiuy ydacTByioT nepBruHbIN (1), Bropuunsit (II) n
tpetuuHblit ([II} GyTrnbHBIE KaTHOHEI, @ TaKKe METHUINUKIIONPOIIAHb,
HPOTOHUPOBAHHBIE «I10 pebpy» Wi «mo yrny». Bce npuBeneHHsie
peaxiuu o6paTHMBI, HO PaBHOBECHE OYSHb CHIBHO CMENIEHO B CTOPOHY
mpem-0yTunsHoro katuosa (III), tak uro B cnexrpax AMP obrapy-
JKHUBAIOTCA JIMINbL CUTHaNBl OT 3TOr0 KAaTHOHA, HO HET CHCHAJIOB OT
karuonoB (I) u (II), xoTopkie, BEpOSTHO, OOPa3yIOTCS JHUIIL B OYEHb
MaJTbIX KOHLEHTPAUHIX:

360



s

+H

CHy—CH;—CH;—CH, mm— CHy— CH-- CHz CHy
32) 22} -H
| .
e ®
Moo CH,CH;
N/
CHy—CH;—CH—CH, +C4H1oj f“c‘*”w
-H ‘”*FH H----C.H
2 ’
2 +CHg X7 28
CH3—CH;—CH—CH, () &=—————= | CH;—CHz—CH—CH;
~CHg
BENOKaNM3aLMA
3NEKTPOHOB +CH {|CH
c8asm C-H 2 ze
H,C-~-H CH SN0KANU3ALUS
2‘\4; . N N gnexrpgméa
CBA3Y
H,C—CH—CH, HzC—CH
METH ALK AONPONaH
NPOTORUPOBAKHLIA
”no pebpy”
f "
CH—CH—CH (1)
H----H
\\\+11‘ 1L
cH
H{ \CH CH (I:Ha
2 3 CHySC—CH, ()
METUALMKAONPONaH ,
NPOTOHAPOBAHHbIA
"ng yray”
H (CHz)CH
H\'_—F"CH
HC— Hy
MeTWAUnKOnponaH
NPOTOHMUPOBAHHEIN

"no pebpy”



I'maBa 5
AJIKEHBI

5.1. HOMEHKIIATYPA BIIKEHOB ...tuuuiit ettt ettt eeiinenaneeeeeimsnnaeeaiinneens 365
5.2. TepmoaMHaMHYECKas CTROUIIBHOCTS ANKEHOB . ...eenuretaneeannneneannne. 367
5.3, TIONYUEHME QITKEHOB ...ttt iinanteentreareeaneeeeuaneenuaeecereeeananns 372
5.4, X¥MHYCCKUE CBOMCTBA AJTKEHOB ......otoueearnennieenneeaaatieinesaansannens 375
5.4.1. KaranutH4eckoe FHIPUPOBAHHE AITKCHOB .........cciveeeeiureinianans 375
5.4.2. BoccraHoBnenue JABOHHOH CBA3H C MOMOIILIO IHUMHUAZ ............. 379
5.4.3. Peakuud 3MeXTpoHIBHOIO NPUCOCAMHEHUA MO ABOHHOH CBA3M
AMKEHOB .. iutnntetettt et eatiaeaetaaes et iaaasaeanteeesiinans 379
5.4.3.a. [IpHCOCAMHECHHE TATIOTEHOB .....covuunnnrnueieiinnaieennnnne 381
5.4.3.6. TlpucoenuHEHHE raIOreHOBOIOPOLOB (IHAPOraNioreHupo-
;212 () TP 393
5.4.3.. Opuenranus. IIpasuro MapkoBHHKOBA .................... 398
5.4.3.r. TlpaBuno MapkoBHHKOBA UM MOsIEKY/IAPHbIE opOHTamy .... 400
5.4.3.8 THAPATALUA ATTKEHOB .....ceerveeereernneenanurmcneeaancneens 403
5.4.3.e. OKCHMEPKypHpPOBaHHE — ACMEPKYPUPOBAHHE ............. 404
5.4.3.x. IpucoeaMHEHHE CYNbHEHIANOTEHUAOB .ouvieveninnnnnnnns 407
5.4.33. Tlpucoeaisenue APYruxX anexrpouIbHbIX peareHToB ... 410
5.4.4. PafuKAIBHBIC PEAKIUM QIKCHOB ...e.uteneenninnnrennaenenarerneennenes 414
5.4.4.a. Paguxanenoe npucoenunenue HBr, karanusupyemoe me-
PEKHMCAMH, Y POACTBEHHDIE PEAKUHH ....ovvvviiivveinennnn. 414
5.4.4.6. Annunsnoe GpomupoBatie ankeHoB N-OpoMCyKIHHHMHAOM
mo KL Iumepy ..o 418
5.4.5. OKHMCIIEHHE AJIKEHOB .....o.iietiiitiiiuieiiiieinniirnneanineeinnaeaans 421
5.4.5.a. Peakuuu OKHCICHHA aJKCHOB C COXPRHEHUEM YIJIEPOAHO-
TO CKEMAETA  .ivieutriensiniiannansntneieesessassnnsennnnnnnes 421
5.4.5.6. OKHCIHTENPHOE PACHICIUICHHE ANIKEHOB ......uvvveinnunens 431
5.4.5.B. O30HOMN3 AJIKEHOB .....coeeiiuiiiinninianriiniiianaeennness 431
5.4.6. TUAPOOOPHPOBAHHE ATKEHOB .......eeeuvineeeinnaierinisianaeennnens 438
5.4.7. TIOMUMEPH3ALMA ATKEHOB . ..eoiiiununniiiieneanetiaintnseeeinneeeans 449
5.4.7.a. PaaukanpHas NOJHMEPH3AUMS @JIKEHOB .......ovevnnnnnnnes 450
5.4.7.6. MoHHaA NONMMEPH3AUMA AITKEHOB ....uvvvrnnieinnnrennnenns 453
5.4.7.8. KoopaubauHoHHas NOJHMEPU3ALMSA ANKEHOB ............. 453
5.5. KapOeHb! 4 KAPOCHOMADBI . ...ivvuuiiieiniiniiiiiani ittt eaianreieeaaans 456
5.5.1. CTPOEHHE KAPOCHOB ....cvuieiitereiianiisinternaiieaiatnannnnnaannas 456
5.5.2. Meroas! reHEpHpPOBaHHs KapOeHOB M KAPOEHOHIOB .................. 457
5.5.3. Peakuuu kapOeHOB M KaPOEHOHAOB .......c.covviiiiniianriniiinnnns, 460
5.5.3.a. IlpucoeauueHye K ABOHHOM CBA3IH aJIKEHOB ¢ 06pa3zoBa-
HHEM IIPOM3BOAHBIX LMKIIOMPONAHA .. .ovvvuneninnuninnnnens 460
5.5.3.6. Peaknus Bueapenna no cessu C—H ... 466
554, HHTPEHBL «.eoviiiiiiiiiiiii it et renaans 466

362



AJKkeHaMy Ha3BIBAKOTCS YITIEBOLOPO/IbI, COIEPIKAIIIE OJIHY JIBOHHYIO
YIIEPOA-yIIepOAHYH CBA3b. IIpocTeifmmil anken >TUIEH (3TEH) UMeeT
CIIEIYIONIEE TeOMETPUIECKOE CTPOCHHE!

Moekyia 3THJIEHA IUIOCKAasA, C BaJIEHTHBIMH YINaMH, OTH3KHMH
Kk 120°. D10 COOTBETCTBYET Sp°-rUOPHAM3AMHM OBOMX aTOMOB yrie-
pona (rm. 1, pasn. 1.8). B pamkax mozenun ruOpunHeix opOurtanei
cBa3n C—H o6pa3syrorcest myTeM NepeKphIBAHUA sp?-rubpuansx AO
ymiepona u ls-opGuraneit Bogopona. OagHaxko, kKak OBINO ITOKa3aHO B
. 2 (pasn. 2.5.2), oOpa3oBaHHe CBA3CH B MOJEKYJIE DTHIEHA MOXHO
OMHCaTh, He pHberas Kk rubpuaaeM opourtansam. Ceszs C—H B aTunene
(1,076 A) xopoue csisu C—H B ankanax (1,095 A), xoropas o6pasoBana
nepexpbIBaHHEM sp>-TUOpUIHOM OopbUTanu yriepona u 1s-opbutamu
BOZIOpOAa. DTO O3HAdaeT, 4To sp’-opOuTais Gojee xopoTkas U Gonee
3IEKTPOOTPUIATEAbLHAS TI0 CPABHEHHUIO C Sp°-OPOUTAIIBIO aTOMa YIIE-
pona. Kak yxe ObUI0 OTMeHEHO B INlaBe 1, 0-CBsI3b aTOMOB yIepona
B 3THJIeHe oOpa3yercs 3a CYeT IepeKPBIBAHUA JIBYX JKBHBAICHTHBIX
sp*-rubpUmHBIX OpbUTaNeil KaXKIOro W3 aTOMOB YINIEPOAd, TOTAA Kak
-CBSA3b BO3HHUKAET [PH IIEPEKPHIBAHHH JIBYX p,-OpOHTAaNeH KaXI0ro 13
YIIEPOMHBIX aTOMOB., DTH OpOUTAlIM NapaienbHEl, YTo obecliednBaer
MakCHMalIbHOE TepeKpbiBaHue. B OTIH4He OT 0-CBS3H 7-CBSI3b UMEET
MIIOCKOCTE CHMMETPHH, COBIIAAAIOLIYIO C MIOCKOCTHIO BCEH MONEKYITb
JTHIIEHA.

o-ONeKTPOHHAA TUIOTHOCTh CBI3H C—C HMEeT NUIMHIPHUYCCKYIO
OCh CHMMETPHUH, TOT/A KaK 7T-3JIEKTPOHHASA IIIOTHOCTH UMEET IIIOCKOCTh
cummeTpuH. CyMMapHOE paclipeiesieHne 3eKTPOHHOH NIOTHOCTH MEX-
JIy arOMaMH yIJiepoja B ATHIEHe CHIBHO OTIIMYaeTcs OT TOrO, KOTOpoe
MOXHO TIpeJICTABUTh TOILKO HAa OCHOBAHHHU O-CBS3M WM 7TT-CBS3H,
H He UMeeT HHIMHAPHUIECKOH OCH cHMMeTpHH. Baxueinmm cien-
CTBHEM OTCYTCTBHS I[MUIMHIPHYECKOH OCH CHMMETPHH 3JEKTPOHHOH
IUIOTHOCTH JBOHHOH YIJIEPOJ-YIIIEPONHON CBS3H SBISETCS BBICOKHI
Hapbep BpallleHHs OTHOCHTENLHO 3TOH CBsI3M. M3BeCTHEI, HanpHMep, Ba
CHMMETPHUIECKMX AUAEHTEPOITHIICHA, PE3KO Pa3THHAIONIHECs [10 CBOMM
CIEKTPaTbHBIM XapaKTepHCTHKaM U ApYruM (pr3HdecKuM CBOHCTBaM:

D\ D H\ D
H H D H
yuc- mpanc-
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Tabnuya 5.1
duzneckne CBOHCTBA AJIKEHOB

8 g .
EQ«" InoTHOCTS E £
AJlkeH ®Popmyna § % [T E g
3E ER-RS)
=& o
3teH (aTHNeH) CH,=CH, —~104 0,57 —-169
mpu —110°C
ITpornen (nponuien) CH3CH=CH; —47 0,61 —186
npu —50°C
Bbyren-1 CH3;CH;CH=CH; —6 0,595 —130
CHg\ _CHs
yuc-byren-2 /C:C\ 4 0,62 —139
H H
CH3\ /H
mpanc-byreH-2 /C =C “ 1 0,604 —105
H CH;
2-Mertunnponex (CH3),C=CH;, -7 0,595 —140
{u300yTHNEH)
CH3CH2\ /CHs
yuc-Tlenren-2 /C-—-C\ 37 0,66 —~151
H H
Ilenten-1 CH3(CH,),CH=CH; 30 0,64 ~165
CH;CHz\ /H
mpanc-TlenTen-2 /C=C\ 36 0,65 ~140
H CH3
3-Merunbyren-1 (CH3);CHCH=CH; 25 0,65 -137
2-Mertunbyren-2 (CHj3);C=CHCH;3; 39 0,66 134
Tekcen-1 CH3(CH;);CH=CH> 64 0,68
2,3-Numetundyren-2 | (CH3),C=C(CHs)> 73 0,7t
T'enrten-1 CH3(CH;)sCH=CH> 93 0,70 ~119
Oxren-1 CH3(CH3)sCH=CH, 122 0,72
Hosen-1 CH3(CH;)sCH=CH, 146 0,73
Heuen-1 CH3(CH;);CH=CH, 171 0,74

DTU JIBa NPOCTPAHCTBEHHBIX M30MEpa [IPEBPAILIAKOTCA APYT B Ipyra
pu temneparype nopsaaka 450-500°C, 9To COOTBETCTBYET SHEPTUHU
AKTHBAI[MY B3aMMOIPEBpPAlICHHS Yuc=mpaHc TopsiKa 65 KKaJ/MOJb.
IlepexogHOE COCTOSIHHE 3TOH peakUUH H3OMEPHU3AUMH HMEET CKpY-
YEHHYIO CTPYKTYPY, B KOTOpOH p-opOuTami O6OHMX aTOMOB YITIEpOAa
B32UMHO IEPIEeHIUKYISPHBI.

Jse Qopmbl AUmEeHTEpPOITWIEHA MPEICTABISIOT cOOOHW YacTHBIM
ciaydail obInero SBJeHHS CTEPEOH30MEPHM, Ha3blBaeMOH yuc-mpawc-
uzomepueit (cM. 1. 8). JIBe GopMBI IHUIEHTEpOITHIIEHa MOTYT OBITH
IPEeBPAILEHBl [Pyl B Jpyra C MNOMOUIBI0 BPAIICHHS OTHOCHTEIBHO
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JIBOIHOM CBS3M TakuM JXe oOpa3zoM, Kak IpeBpaniaroTcs APYT B Apyra
anmiu- U 2ow-xoHGopMepsl OyTaHa MPH BPaIieHHH BOKPYT OpIMHapHOR
C,—Cs-cBs3u:

D D H D
\cﬁ'c/ _— N =’
W Ny »” Nk
H-C M H3C H
TN (O A
H-7 N  H-y N
H CHs H H
anTH- rol—

Opanaxo Gapbep BpallleHUs BOKPYI ABOMHOH CBSI3M B JUACHTEPOITU-
JIeHE cocTaBisieT 65 KKall/MONb, TOITlA KaK B3HEpPreTHYecKuit Gapbep
WHTEPKOHBEPCHH anmu- ¥ 2ow-popM OyTaHa COCTABIAET BCET0 OKOJIO
4 xxai/mons. [ToaToMy 00a crepeonsoMepa AUAESHTEPOITUIIEHA COBEP-
HIeHHO cTabunbHE! Aaxe npy 100°, B To Bpems Kak anmu- v 2otu-HopMsl
OyTaHa mepecTarT MpeBpallaTbca ApYr B Apyra Toiabko pn —230°C.
JTO pa3nuyMe B HHTCPKOHBEPCHH OOYCIOBIEHO Pa3IWYHBEIM BHIIOM
CTEPEOU3OMEPHM H HMeET MO3TOMY pa3iudHble 0003HadeHus. Anmu-
u zow-hopMel OyTaHa HA3LIBAIOT KOHQOPMAIIMOHHBIMH H30MEpPaMH, a
JBa M30MEPHBIX JHOEHTEPOSTHIICHA HA3BIBAIOT KOHPUZYPAYUOHHLIMU
USOMEPAMU.
Du3nyeckHe CBOWCTBA alIKEeHOB NpHUBeAeHB! B Tabm. 5.1.

5.1. HOMEHKJIATYPA AJIKEHOB

AJNKEHB! MMEIOT M JIPYroe MCTOPHYCCKH CIOXKHBIIEECS Ha3BaHME:
onegunvl, T.€. PONOHAYAILHUKK BHICBIXarommx mMacen (omud). Kak u
I IpYTHX KJIACCOB OPraHHYEeCKUX COEJIHHEHHUH, HMEIOTCS /IBE pasHbIe
HOMEHKJIATYPhI aJIKEHOB: 00Iast ¥ cucTreMaTHyecKkas. B obuieii HomeH-
KJlaType OKOHYAaHHE «aH» MIPEAeIbHOTO YINEeBOJIOPONd 3aMEHSAETCS Ha
CPUTEH:

CH;CH=CH, CH;—-C=CH,
CHj
NPONUIIEH n306yTHIeH

HexoTopbie IpOCTHIE anKeHbl PaCCMATPUBAIOTCS KaK MPOU3BOAHLIE DTH-
JIeHa:

H;C__CH; Br_ _Br
/C:C\ /C:C\

H;C CHs H Br
TETPAMETUJIITUIIEH TpH6pOM3TlfUIeH
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Kondurypaunonssle u3oMepsl B 0o0lIeH HOMEHKIATYpe pa3iHyaiorTcs
upedukcaMu yuc- U mpanc. B yuc-u3oMepe OQMHAKOBBIE 3aMECTHTEIH
IIPH CMEXHBIX YIIEPOIHBIX aTOMaX JABOMHOH CBS3M JIEXAT C ONHOH
CTOPOHBI MIIOCKOCTH CHMMETPHH MOJCKYIBI, 8 B MPAHC-U30MEDPE — C
Pa3sHBIX CTOPOH 3TOi MIOCKOCTH:

Cl - /Cl H ~ /Cl
C=C ~ /C =C ~
H H Cl H
Yuc-JAuXJIOPITHIICH mpanc-AUXJI0DITHIICH

Pamukan CH,=CH wuassiBaeTcs BUHHII:
CH,=CHC(Cl CH,=CH—0—C,H;

XJIOPUCTHIH BHHUJI STHJIBUHMJIOBBIN 3dHD

Hexorophle yrieBogoponsl MMEIT CBOM TPHBHANBHEIE HA3BAHHA, HE
CBS3aHHBIE C KaKOH-THO0 HOMEHKIIATYpPOii:

C¢Hs H
CeHsCH=CH, >c=c{
H CeHs
CTHPOJT mpanc-cTunnben

B cucremaruueckoit Homenkiatype MIOITAK Ha3zBaHus BCex ajike-
HOB IPOHU3BOAATCS OT Ha3BaHUM aJIKAHOB 3aMEHOM OKOHYAHHS «-aH» Ha
«-en». [Tonoxenue NBOHHON CBSA3M B YINIEPOJHOH LiENH OIpeneIseTcs
uuGpoH H BHIHOCHTCS B Hayago MW B KOHEN Ha3BaHHA. Hadaio
HyMEpaluH ey oNpeneseTcs Hanbomee OIU3KUM ITOJIOKEHUEM ABOH-
HOH CBSI3M M HHKOMM 0OpasoM He CBSA3aHO C MOJOXKEHHEM U YUCIOM
aJKWIbHBIX 3aMEcTHTes el B miaBHOH nenu. [naBHas nenb obs3aHa
BKJIIOYATh ABOHHYIO CBf3b. llpedukchl yuc- u mpanc- BBIHOCATCS B
Ha4YaJI0 Ha3BaHH:

C2H5\ /Cl
L=CL
H C,H;s

3-xsnop-mpatric-3-rekcexd
(3-x50p-mparc-rekced-3)

Cﬁlz
(CH3),CH—CH,—C=CH, _C_
l CH;3;CH,CH; CH,CH;
CH3 2-3THII-1-TIeHTeH

2-3THANEHTEH- ]
2,4-1MMeTHn-1 -eHTEeH ( )

(2,4-1MMeTHIIIEHTEH- 1)

OnHako yuc—-mpanc-cucreMa Ha3BaHMl KOH(DUTYPAITMOHHBIX H30Me-
POB YACTO TIPUBOAMT K MYTAHHIIE ¥ HEONPENETIeHHOCTH, 0COOCHHO IIpHU
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HaMWYUH TPEX. WIM YEeTHIPEX pa3IMUHBIX 3aMECTHUTENeH NpPH JBOUHOH
cesa3d. Homenwiarypa UIOIAK mnpeaycmarpuBaer Jpyryro cUCTEMY
Ha3BaHU# 1711 KOHPUIypallMoHHBIX H30MepoR. COITacHO 3TOM cucTeMe,
ecnn nBe Haubonee crapmue no R.S-cucteme (cMm. mi. §) rpymmsl
PacIoNioKCHB! 110 ONHY CTOPOHY [BOMHOH CBSI3H, COEOUHEHHE IIONY-
yaeT obo3HaueHue Z (OT HEMEUKOTO zusammen — BMECTE), 2 €CIIH 3TH
CTapuive TPYNIBl PAacHOJIOXKEHBl IO Pa3HBIE CTOPOHBI ABOMHON CBS-
3u — obo3HayeHue E (0T HEMEUKOro entgegen — HanpoTus). IIpHALUIILI
ONpe/ENeHUsl CTapIINHCTRA 3aMECTUTESIEN H3IIOXKEHE! DU OIPEACICHUH
R, S-xoHurypanuu B riaase 8:

(1) CH;CH,_CH,CH; (1) (1) Cl_  CHy (1)
AN A=
) H CHj3 (2) ) CHs H (2)
Z-MeTHII-3-TeKCeH Z-2-xn0p-2-6yTeH
2 CHy_ CHOH (1)
A=
(1) CICH, CH, (2
E-4-xnop-2,3-numerun-2-6yren-1-on
() CHy_  COOH (1) (1) CHsy_  CHs )
/C=C\ /C=C\
) H CH; (2) () H COOH (1)
Z-2-meTn-2-6yTeHoBasA KHCI0Ta E-2-meTun-2-6yTeHoBas KHCIOTa

O0s19HO Haubosiee H3BECTHBIE COEOUHEHHA C HECIOXHOH CTpYK-
TypOil Ha3bIBAaIOT IMOJNB3YSICh MM OOIIed HOMEHKNIATYpOH, HITH TpH-
BUAJBHBIMU Ha3BaHHsIMM. B 0ofniee CIHOXHBIX CIy4asgx [ONB3YIOTCSH
noMmeHknarypoit MIOITAK. g coeIWHEHHM, UMEIOIIUX M [BOHHYIO

0O _0
s Vs
CBA3b U QYHKIMOHANLHYIO Tpynny, Hanpumep OH, cZ , cZ , IpH
“H  oH

HyMepaIlyH TIaBHOW 1[eMH, BKITIOYaUled U (YHKIHOHANBHYIO MPYIILY,
Hayano HyMepanud ONpeAciseT MOJOXKEHHE 3TOH (YHKIMOHANLHOM

rpyIINneL: . 3 5 .
CH,=CH—-CH,CH,0OH
6yT-3-eH-1-on (3-6yren-1-om1)

5.2. TEPMOJHHAMMYECKAS CTABHJIBHOCTDb AJIKEHOB

Hecmorps Ha TO 9TO yuc-mparc-A30MepH3alUsl HE MIPOHCXOIUT
CaMOIIPOHU3BOIBHO, JIETKO MOAOOPATH YCIOBHS, B KOTOPHIX HMEET MECTO
B3aMMOINpeBpalieHHe 000UX reoMeTpHYecKux H3oMepoB. Tak, Hanpu-
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Mep, [IPH HarpeBaHHM KaK yuc-, Tak ¥ mpanc-0yTeHa-2 B MPHCYTCTRBHH
KaTaJIUTHYECKUX KOJIMYECTB CEPHOH KUCIOTEl 00pa3yeTcs paBHOBECHAs!
CMECH OJTHOTO H TOIO JK€ COCTaBa:

H_  CHy ,, HC_ CHs
Sc=c_ L >c=cC
H3C H H H
mpanc-6yTeH-2 yuc-6yTeH-2

(85%) (15%)

Ha ocHoBanuu 3THX HaHHBIX C NOMOMIEIO ypaBHEHHS AG°=—RTpapu,
CBA3BIBAIONIECIO KOHCTAHTY PABHOBECHS CO CBOOOIHOM SHEPTHEH, MOKHO
PACCYHTATh, YTO TEPMOIMHAMHYECKH mpaHCc-OyTeH-2 NPHMEpPHO Ha
1 kKan/mounb crabunsHee, YeM yuc-u3oMep. I qpyrux anHKInyecKux
aJIKEHOB HaONIOMAeTCsT aHANOrHYHAs 3aKOHOMEPHOCTD H MpaHc-H30Mep
OKa3eIBaeTCA Gojee cTaOMIBHBIM H30MepoM. MeHblas CTaOHILHOCTE
yuc-u3oMepa OOBACHSETCS CTEPHUCCKUMH MPUYMHAMH, a HMEHHO —
OTTAJIKHBaHHUEM AJIKWIBHBIX 3aMECTHTENel N0 OJHY CTOPOHY ABOMHOMN
ca3u. [lo cmoelt mpupone 31oT 3(pdexT aHaIOTHUeH HANPDKCHUIO,
BO3HHMKAIONIEMY B 3aCJIOHCHHOH KoH(pOopManuu OyTaHa.

H\ e H H\ e H
C=C C H
e ~N 7N Ve
A 5N B C=C{
H” | H H” | H H SCcH
H H H H
CTepHYECKOe HANPSIKEHHE OTCYTCTBHE CTEPHYECKOIO
B yuc-byrene-2 HANPsDKEHUs B mpanc-OyTeHe-2

Haubonee nmpocToii 1 ynoOHbIH yTh AJIA ONPEAEIeHAS OTHOCUTEb-
HOH TepMOIMHAMHYECKOH CTaOUIBHOCTH yuc- B mpanc-H30MEPOB ajIKe-
HOB 3aK/II0YAETCs B OIIPEJe/ICHUH TEeII0BOro 3pQeKTa KaTaIuTHIECKOTo
THApHpOBaHMA. B 3ToM ciywae oba nzomepa oOpa3yroT OOHH M TOT XK€
JIKaH, 03TOMY BenuyuuHa AH peakuMH HEMOCPEICTBEHHO OTpa)aeT
OTHOCHTEIBHYIO CTaOUIBHOCTB ABYX H30MEDOB!

CH, CHy g 11, CH; H
Sc=c{ " 22— CHCHCH,CHy « o= >C=CZ
H g Pd Pd y CH,
AH°=-28,6 KKaJ/MOMb AH°=-27,6 KKaJ/MOIb
yuc-Gyren-2 #-GyTan mpanc-GyTen-2

Ha prc. 5.1 npuBeaera sHepreTnieckast uarpaMMa Ui FHIPHPOBAHUSA
yuc- U mpanc-6yTeHoB-2. I10cKONBKY yuc-u30Mep MeHee cTabuiIeH, ero
SHEPTreTHYCCKHH YPOBEHBb JEXKHT HECKONBKO BBHIIIE, YeM ATl MPAaHc-

usomepa, U AGy,. > AGy, 4.
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Puc. 5.1. DHepretudeckuit npodunes pe-
aKUMM THADUPOBAHUS yuc- W mpauc-
OyTeHoB-2 Koopduwara peaxuuu

#-ByTaH

Terorsl THAPUPOBAHUS SIBISIFOTCS Haubollee HaAEXHOH Xapakre-
PUCTHKOM OLEHKU YCTOMYMBOCTH ANKEHOB. [ ankeHoB amudarvye-
CKOI'O psifa mpaxc-u30Mep cTabuibHee yuc-usoMepa. HckmioueHuEM
W3 3TOi OOmel 3aKOHOMEPHOCTH SBISETCS TIpyINIa IHKIOAIKEHOB
C3—Cyo. Jns muxmomponeHa, UUMKIOOyTEHa, UUKIONEHTEHA, LHKIO-
TeKCEHa U IHKJIOTENTEeHa 10 YHCTO TCOMETPHUYECKHM COOOpaXKeHHSIM
BO3MOXKHO CYIIECTBOBAHHE TOJBKO yHuUC-MU3OMEpA, XOTs Ipearosnara-
10T, YTO MPAHC-IUKIOTENTEH 00pasyeTcs B HEKOTOPBIX pEaKIHIX KaK
KpaliHe HecTabwiabHas yacTuna. L{MKIoankeHBI C HHMCIOM aTOMOB B
nukne Gonee 7 MOTYT HaXOOUTBCS U B yuc- U B mpanc-bopMe. s
IUKIIOOKTEHA, I[HKIOHOHEHA H I[HKIO/AENeHa yuc-hopMa crabHIIbHEE,
yeM mparnc-popMa. DTO HE YIUBHATEILHO, TaK KaK B MPAHC-H3OMEPE
MPOHCXOJMUT MCKaXXeHHE BAJCHTHBIX YIJIOB, YTO OTPAXKAETCA B YBEIH-
YeHHH TEIUIOTHI THAPHPOBAHUS MO CPAaBHEHHUIO C yuC-M30MepoM (Tad.
5.2). OgHako HaYHHAA C HHKIOYHACIEHAa BOCCTAHABIMBAECTCH O0OBIUHAS
MOCIEeIOBATENBHOCTD TEPMOIHHAMHYECKOH YCTOHUUBOCTH: mpaHc>yuc,
KaK ¥ i1 aUKIIHYECKUX aJIKCHOB.

H
H
H
YUC-UMKNOOKTEH TPAHC-UMKROOKTEH

HHTepnperanus JaHHLIX 0O CTaOWIBHOCTH yuc- H  MpAHc-
W30OMEPHBIX AQIKCHOB HE BEHI3LIBAET OCOOBIX 3aTPYAHEHHH UM SABISETCS
J0CTaroyHo o4eBUAHOH. CoBCeM HMHOE IIOJI0KEHHE BO3HHUKAeT IpH
HHTEpIPETALMH JAHHBIX 110 TEPMOIHHAMUYCCKOH CTaOMIIBEHOCTH MOHO-,
Iv-, TpU- U TeTpazaMEUIeHHBIX NPH JBOWHOW CBsS3M aNKeHOB. M3
JIaHHBIX, MpeNCcTaBlIeHHLIX B Tabn. 5.3, cnexyeT, 4TO CTaOHIBLHOCTH
aJKEHOB BO3pacTaeT C YBE/IMYECHHEM YHCJIa aJIKHIIBHBIX 3aMecTHTesel
npyu ABOWHON cBsizu. Terwsiora THAPUPOBAaHHUS JTHJIEHA COCTABIAET

369



Tabnuua 5.2
TennoTsl rHIPUPOBAHUA UMKIOATKEHOB

Icroanses O s ponanan:
L{uc-uuKiaooKTeH 23,0
Tpanc-IUKIOOKTEH 32,2
1Juc-11nKJIOHOHEH 23,6
Tpanc-1IUKIOHOHEH 26,5
{[uc-uuxsoneucsH 20,7
Tpanc-uMxnoaeueH 24,0
Luc-unxnoyHaeuex 24,6
Tpanc-IHKIIOYHACLICH 24,5

—32,8 xkan/Mons, HO A rporeHa, OyreHa-1 U Ipyrux ankeHoB-1 oHa
MOBBIIAETCS HA 2,5 KKaJ/MOJb. YBEIWUYEHHNE YHCIIa 3aMeCTHTENeH npy
J{BOMHOM CBA3M IPHBOJIAT K JalIbHEHIIEMY YBeTHUeHHIO BeMUIHHEl AH .
[To cBoeii cTaOUIBLHOCTH anKeHb! PacloNaraloTIcs B paLy

R R R, R R__ H
c=c_ > x=c > >c=c( >
R R R H R R
TETpa3aMECIlEeHHbIE TPpH3aMEIIEeHHbIE mpanc-JU3aMelIeHHbIe
I_I\ - /H R\ / H H\ Ve H
> c=c_ > Sc=c > e=c(
R R H H H H
yuc-gri3aMelnleHHbIe MOHO3aMEl[eHHbIe S3THJIEH

AHaloOru4YHas TOCHE0BATEILHOCTE CTAOMIBHOCTH AJIKCHOB CHENyeT
TAIOKEe M3 TEPMOJIVMHAMHUYECKHX JAHHBIX 10 TEMIoTaM o0pa3oBaHHA
MOHO-, d-, TPHU- ¥ TeTpa3aMeNIeHHHIX NP ABOWHOHN CBI3H AIKCHOB
(tabm. 5.4).

B Hacrosinee BpeMsi HET €IHHOTO MHEHHSA O NPUYHMHAX W3MEHEHUS
cTabHUIBHOCTH B PAAY METHI3aMENICHHBIX ankeHoB. OnHa U3 rurnores
CBSA3BLIBAET YBEJHYEHHE CTAOUIIBHOCTH METHI3aMeNIeHHBIX aJKEHOB C
s¢hdeKxToM THIIEpKOHBIOTaMH (TI. 2).

H

H—}DCH——’JEHZ

H

Yem Gonbllle METHJIBHBIX 3aMECTHUTENEH HaXOOUTCS IpU ABOHHOH
CBs3H, TeM Oojbire >(pdexT runepkoHBIOTallud U TEM cTabWiIbHEE all-
KeH. AfpTepHaTHBHOE OOBSICHEHHWE M3MEHEHHs cTabWIBHOCTH aJKEHOB
OCHOBEIBAETCS Ha PasIMyUH B 3HEPIdd U UIMHe CBsA3eH, 00pa3oBaHHBIX
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Tabnuua 5.3
TenJioThl rTHAPHPOBAHUS AJIKCHOB

AnkeH —AH, xxkan/Mons
CH,=CH; 32,8
CH;CH;=CH- 30,1
CH;CH,CH=CH> 30,3
(CH3),CHCH=CH, 30,3
(CH3);CCH=CH> 30,3
(CH3).C=CH2 28,4
CH;CH\
/C=CH2 28,5
CH3
CH;
>C=C<H 26,9
CH; CH;
CH3; CH;
Sc=c 26,6
CH; CH;
Ta6bauua 5.4
Tennorsi ofpazopanna —AHS aIKeHOB
AJkeH —AHf° , KK&JI/MOJB
CH,=CH; +12
CH3;CH=CH, +5
CH3;CH=CH—CH3 -2
CH3;—CH=CH—-CH,CH; -7
(CH;3),C=CHCHj -10
(CH;3),C=C(CH3), —18
sp’- u sp’-rubpuausoBannevM atoMoM yrmepona. o-Cessk Cgz—Con

Gonee npounas, yem o-cBA3b Cy3—C,p5. 0-Cosasb H3C—C B nponene

sp3-
(1,505A) na 0,03A xopoue, wem C—C-cBsizb B npomade. Taxum
06pa3oM, OOIMM [IPaBUIIOM sBIAETCA 601bmas mpodHocTh Cpp—Cy
o-cBsizH 10 cpaBHeHHIO ¢ Cy—Cgs o-cBa3plo. B OyTene-2 umeercs
nse Cg»—Cgp o-cBs3M, Torna kak B Oyrene-1 Tonbko onna C—Cp
o -CBsI3b. JTO IpeonpenensieT 60iee BRICOKYIO CTa0MIIBHOCTE OyTeHa-2,
cofepKamlero Jisa alKHIBHBIX 3aMecTHTeNs. J[jis ankeHoB ¢ GOnbIIHM
YHCIOM aJIKIIBHBIX 3aMECTHTeNICH [IpH ABOHHOI cBA3M Bcerma Habmio-
naercs Gonee Bbicokoe oTHOMmeHHe yncna (Cyp—Cop3)-CBa3el K uucy
(Cps —Cyp3)-CBA3EH, YEM JUI MEHEE 3aMENICHHBIX AJIKEHOB:

Sp3“‘Sp2 Sp2—5p3 Sp3_'Sp3 Sp3"‘Sp2
CH;—CH=CH—-CH; CH;~CH,y~CH=CH,
GyTen-2 Oyren-1
(bonee crabunen) (meHee crabunen)
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W3 nByx anprepHaTUBHBIX OOBACHEHHH OTHOCHTENBHOM CcTabHIBHO-
CTH 3aMENISHHBIX AJTKEHOB HHTEPIIPETAINA, OCHOBAHHAS HA H3MEHCHUH
JUTHH Y SHEPTHH CBA3M B 3aBUCHMOCTH OT sp° WM sp° XapakTepa rubpu-
IM3alMH yIiepona, Kaxercs Oojiee PeINOYTUTENbHOH. AHANOTrHYHAS
MOCJIEIOBATENILHOCTh B TEPMOJUHAMHUUYECKOH cTabmiIbHOCTH Habmona-
€TCA JUIS MOHO- U JU3aMEUIEHHbIX [IPH TPOHHOH CBA3H alKHHOB.

5.3. HOJIYYEHHUE AJKEHOB

Cpeny OrpoMHOTO 4YHCjIa METONOB IIOIYYEHHS alKEeHOB Heo0Xo-
MO BBICTUTH TpH Haubonee obmux crnocoba co3paHus ABOHHOH
VINEepOn-yriepoaHoi ¢Bs3d. OJWH W3 HHUX OCHOBAaH Ha SJIMMHHHPO-
BaHUH JBYX IPYII OT BHIMHANBHBIX aTOMOB YIHEpPOAa HACHIEHHOIO
coenuHeHus. Jlpyroit criocob cHHTE3a aJKEHOB 3aKIII0YAETCS B CTEPEO-
CEJIEKTHBHOM HJIH CTepeoCHelH(pPHIECKOM BOCCTAHOBICHHH TPOIHOH
YITIEPOA-yIIIEPOJHON CBA3M B aJKMHAX JI0 ABOMHOH CBSI3U yuc- WIN
mpanc-koHpurypau. Tpethit cnocob co3maHus yriaepoa-yIiiepoaHoi
CBSI3M OCHOB@H HA MHOTOYHCIIEHHBIX PEaKIHsIX KapOOHHUI-METHIEHOBOH
KOHACHCAUUH KapOOHHIBHBIX COCOUHEHUH C COCIHHEHHSIMH C «aKTHB-
HOW METHIIEHOBOH rpynnoiny. Bee atu peakiuy noapo6HO paccMOTPEHBL
B mociemyromux masax (cMm. i 10, 11, 16, 17), 3xecs xe Oymer
TIPUBEZICHA TONBKO IPENeIhbHO KpaTKas CBOIKA OCHOBHBIX METONOB
CHHTE3a aJIKEHOB.

1. JleruaporajloreHupoBagye anKuirajioreHuos (. 10):

—b—t— —Bt L Ne—¢” 4+ 8+ X"
X
Harpumep:
H o
o (CHz);C-0K X
H T (CHy)COH; 100°C + (CHy);COH +KCt
H
(88%)
2. Jerunparanus couptoB (T 11):
| KoK, H,S0, N7
— O Catal > =C  + HO
| UM Ko, HyPO, ; ¢ 7/ N
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Hanopumep:

H 85%-aq
—_——————
H;PO, 170°C + O
OH
(80%)

3. JleranoreHdpoBaHHe BUIIMHAIBHBIX AUTadoreHua08 (r. 10):

T
Nal unu Zn ~ v
—C—C— C=C
! | umn (CeHs)3P e ~N
Br
Hanpumep:
H Br
CgHs H
CeHs—C—C—CeHs —2, ~ ">c=c{  +NalBr
alneToOH H C6H5
Br H (70%)

4. DIUMHUHHPOBAHHUE TPETHYHBIX AMUHOB U3 THAPOKCHIOB TETpaal-
kinammonus 1o A. l'odmany (. 10):

1
. AgOH; 150°C N~
C (IZ T /C—C\+.N(CH3)3+H20+AgI
N®(CH;);I°
Hanpumep:

AgOH; 150°C
—_—_—

CH;—CH,;—CH—CH; CH3;CH,CH=CH;,+

H>O
N®(CH3);1°
+:N(CHj3); + H,O + Agl

5. HerunpupoBanue ankaHos (1. 4):

| | Pt

—C—C— ™ Sc=c{+H,
o
Hanpumep:
CH;CH,CH,CH; 222%°C, CH,CH,CH=CH, + CH;CH=CHCH;+

+CH,=CH—-CH=CH; + H..
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OTa peakuusa UMeeT TIPAKTAYECKOe 3HAYEHHE TONBKO JUTS TIPOMBIIIJIEH-
HOTO MOJYYEHHS HHU3IIMX aJKCHOB: STHICHA M3 DTaHA, IPOIMUICHa U3
npornasa, OyTeHOB U3 H-0yTaHa, a TakkKe M3 ra3000pasHBIX MPOLYKTOB
TEPMHUYECKOTO KPEKHHTa (CcM. IT. 4 u 28).

6. CrepeocenexTUBHOE BOCCTAHOBIIEHHE AIKMHOB JI0 YUC- H MPAHC-
ankeHos (. 6):

R! _R?
_ Pd/BaSO4; xuHomu# AN \
R!C=CR? +H, —/Ba80 Sc=c{
0—20°C H H
yuc-aJlKeH
R! H
— N ~ Ve
R'C=CR® ———— c=C
xuak. NHz —33°C H/ \RZ
mpa#c-aNKeH
R! R?
_ Ni(OAc), +NaBH, ~ Ve
R!C=CR? (0A9) Cc=C
CH3CH»OH; H;NCH2CH;NH»; 20°C H/ \H
Yuc-ajIKeH
Hampumep:

Ni(OAc);:NaBH,
CH3CH»>OH; HoNCH>CH2NH»;20°C

CH;CH, CH,CH;
- >c=c<
H H

(99%)

CH;CH,C=CCH,CH;

. Na
= —_—_—
CH3(CH;); C=C(CH,);CH3 #uk. NHz; —33°C

CH;3(CHz); H
L
H (CH;);CH;

(78%)

7. Peaknus [. Buttura (cM. min. 16):

RI\ ® 9 Rl\

/C=O+(C6H5)3 P—CHR> ——; /C=CHR3 +(CgHs)3sP=0
RZ 3¢pup umu TI'P RZ
Hanpuwmep:

{ )=0+(CeH B-CH ( )=CH, +(C¢Hs)P=0
— - = =
( 6 5) 2 Tro-aMCO 2 6 .

374



5.4. XUMHUYECKHE CBOUCTBA AJIKEHOB

DHeprus ABOUHOW  YIIEPOA-YIIIEpOJHOH CBA3H B  JTHIIEHE
(146 kxan/mMomb) OKa3bIBAETCS 3HAUUTENHHO Dolee HU3KOH, 1eM YIBOEH-
Has sueprus onuHapHoil C—C-cBs3u B 3tane (2 x 88 = 176 Kkxan/mousb).
o-Ces3p C—C B 3THIEHE IIpOYHEE W-CBA3H, IO3TOMY pEaKUuH
aJIKeHOB, COMIPOBOXKAIOIIMECS PA3PHIBOM 7-CBA3H ¢ 00pa30oBaHHEM ABYX
HOBBIX NPOCTBIX -CBSI3EH, MPENCTABIAIOT COOOH TEpMOIMHAMHUYECKH
fnaronpusaTHeiit nporecc. Tak, Hanpumep, B ra3oBoil (ase, cOIIacCHO
pacHeTHBHIM JAaHHBIM, BCE€ IIPHBEACHHBIE HIDKE DEAKIHMH ABIAIOTCA
3K30TEPMUYECKMMH CO 3HAYUTENbHOH OTPHUATENBHOH JSHTAIBIHEH,
HE33aBHCHUMO OT MX PEaJIbHOIO MEXaHU3Ma!

CH,=CH;+H, —» CH;—CH;+ AH"; AH® =—-32,7 kkaa/MoJb.
CH,;=CH; +Cl, — CH,CICH,Cl+ AH®; AH°=-—432 kkay/MO0Jb.
CH,=CH; + HBr — CH3CH,Br+ AH?®; AH° =—-19,0 kkas/MoJb.
CH,=CH, +HOH — CH;CH,0OH+ AH®; AH°=-10,9 kxasu/mosb.

C TOoukM 3peHHs TEOPHHM MOJIEKYIAPHBIX opOHTalIel Taike MOXHO
cHenaTth BBIBOR O OONblIel peakIHOHHOH CIHOCOOHOCTH 7-CBA3M 110
CPaBHEHUIO C 0-CBA3bI0. JIeHCTBUTENLHO, KaK YKa3bIBAJIOCE B INI. 1 K 2,
cBs3pIBaroLIas w-opOuTals uMeeT Ooliee BHICOKYIO 3HEPTHIO, YeM CBA3HI-
BAIOIas ¢-opOuTaib, H HA060POT, pasphIXJAONIas 7~ -OpOHTANb JICKHT
HWXe paspexintonmeii o*-opburtanu cesizu C—C. CnegoBarensHo, rpa-
HHUYHBIMH OpOUTATSIMH 3THJIEHA, ONPENCISIOMMMH €I0 PEeaKIIHOHHYIO
crioco6HOCTE, OyayT m-opOHTany.

5.4.1. KATAIMTHYECKOE 'lJIPUPOBAHHUE AJIKEHOB

HecMoTps Ha TO YTO rHAPUPOBAHHE 3THIIEHA U BCEX APYTHX aJIKEHOB
JI0 aJKaHOB COTIPOBOXKAAETCS BBIAEICHUEM Teruia (pa3l. 5.2), aTa peax-
LMsA C JOCTATOYHOH CKOPOCTHIO HACT TOJILKO B MPHUCYTCTBHH OIpeie-
JIEHHBIX Karaiu3aropoB. KatanusaTop, mo ONPENeICHHIO, HE BIHAET HA
TEeIUTOBOMH 3¢ (EeKT peakiMy X ero POilb CBOAUTCS K MOHMKEHUIO SJHEPTHH
akThBanui. CreiyeT pas3nddarh IeTepOreHHOE M TOMOreHHOe Kara-
JTHTHYECKOE THAPHPOBAHHE ANKEHOB. B IeTepOreHHOM I'MJPHPOBAaHHH
HCIONB3YIOTCA TOHKOM3MENBIEHHbIE METaNIMYECKHE KaTallH3aTOPhl —
IJIaTHHA, MaJUIa Ui, pyTeHUH, ponuid, OCMUIT ¥ HHKeNb JUO0 B YHCTOM
BHIE, MHOO HaHeCeHHBIe Ha HHepPTHbIe Hocurenw — BaSO,, CaCO;,
aKTMBHMPOBAHHBIH Yrolb U T. 1. Bce OHH HEpaCTBOPHMEL B OPTaHHYECKHUX
cpenax ¥ AeHCTBYIOT KaK IeTeporeHHble KaTaau3aTopsl. Haubonsmyro
aKTHBHOCTH CPEJM HUX IPOSBIAIOT PYTEHHH H POnHii, HO HaubonbIIEe
pacnpoCTpaHeHHe MONYYHAN IAaTHHA W Hukens, [lnaruny oOBIYHO
APHUMEHSIOT B BuJE 4YepHOro auokcuaa PtO;, nHpoKko HIBECTHONO MOX
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Ha3BaHUEM «KaTanu3aropa Ajamcay. JIMOKCH] IUTaTHHEI NI0IYYa0T IIPH
CINIABJIEHUM IUIaTUHOXJI0pHCTOBOAOpoaHoH kuciotel H,PtClg - 6H,0
UM rexcaxyopnnardHara aMmMoHus (NH,4),PtClg ¢ nutpatoM Hatpus.
['unpupoBanye aTKeHOB C KaTalmH3aTOpOM AJaMmca NPOBOAST OOBIYHO
IPH HOPMAJBHOM JaBieHHMu u Temmeparype 20-50°C B cnupte, yk-
CYCHOHM KHCIOTe, dTuianerare. [Ipu nporyCckaHuy BOAOpOna ABYOKUCH
IJJaTHHBL BOCCTAHABINBAECTCS HEITOCPEICTBEHHO B PEaKIIHOHHOM COCYIIe
JI0 TUIAaTMHOBOM YEpHH, KOTOpas M KaTallM3upyeT THapupoBaHue. Jlpy-
rue 0olee aKTUBHBIE METAINBI TLIATHHOBOH TPYIIIBI HCHOJB3YIOT Ha
HHEPTHHIX HOCcHTeNX, Hanpumep Pd/C win Pd/BaSO,, Ru/Al;Os3; Rh/C
u ap. Ianmnaauii, HaHeCEHHBIH Ha Yrodb, KaTaJIU3UPYeT THAPUPOBAHUE
aJIKEHOB JI0 aJIKaHOB B cipToBOM pactBope pu 0-20°C 1 HopManbHOM
naBneHUH. Huxens OOBIYHO HCIONB3yeTcs B BHJE TaK HA3BIBAEMOIO
«aukens Penes». JIns nomydeHUs 3TOrO KaTalu3aropa CIUIAaB HUKEIs
¢ amomMuareM 06pabaThiBarOT ropsuei BOAHOH IIETOYBI0 JUIS YIaieHUs
[IOYTH BCEro allOMUHUA W Jajee BOAOH O HEHTpalbHOM peakiuu.
Karanusarop uMeer HOPHCTYIO CTPYKTYPY H HOSTOMY Ha3BIBAeTCs
TAaKXKe CKEJICTHBIM HUKEIEBLIM KaTalu3aTopoM. THIIMYHEIE YCIIOBHS
THADHPOBAHHS AIKEHOB HaJ HUKeneM PeHes TpeOyrOT NIpHMEHEHH:A
nasienus mopsaka 5-10 atm u temmneparypet 50-100°C, t.e. 3TOT
KaTajJu3aTop 3HAYMTEILHO MEHEEe aKTHBEH, YeM METajlbl IUIaTHHOBOM
rpynimel, Ho bonee nemeB. Hike NpHBeIeHE HEKOTOPHIE THIIMUHBIE IIPH-
MEpHI FETEPOTCHHOTO KaTAIHTUYIECKOTO THAPHPOBAHUS aUKIMUECKUX H
LHUKITHYECKHX aIKEHOB:

oH CHy
G( T i "
> 0,
oH 2 CH4CO0H; 20°C; 1armM i (82%)
3 “CH
1,2-qumeTun- y
» guc-12-Anmetun-
LRUKAOTeKCeH uuKaorexktan

PtO,
CyHsOH;20°C
had CH3 CH2 CH2 CH2 CH2CH3 (92%)

H, + CH3;CH,CH,CH,CH=CH,

HyC  COOH
N o/ HOOC, COOH
dfc eHyN\ S
Il +H, g ot
AN
Hy¢ cooH H

Tax kak oba aroma BOHOpPO#A IMPHUCOEAUHSIOTCA K aroMaM YINepo-
Jla [BOMTHOHM CBs3M C IOBEPXHOCTH METaJUIa-KaTaan3aropa, OOBIMHO
[PUCOEIUHEHHE MPOMCXOOUT ¢ OJHON CTOPOHBI IBOWHOH CBA3H. 3TOT
THI IPHCOEAMHEHHs HA3bIBACTCS CUH-TIPUCOEAMHEHHeM. B Tex ciy-
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yasx, KOraa Jipa (pparMeHTa peareHTa NPUCOENWHSIOTCA C Pa3nHYHBIX
CTOPOH KpaTHOM ¢Bf3U (IBOMHOH WM TpOWHOI), UMEET MecTo dH-
mu-ripucoenuHenne. TepMHHBI CUH- M GHINU- TIO CMBICITY 3KBHBaI€HTHbI
TEpMHUHAM yuc- ¥ mpanc-. Utobpl n3bexaTh MyTaHMIBI M Heaopasy-
MEHUH, TEPMHUHB! CuH- W AHMU- OTHOCAT K THIY NPHCOEIUHEHHS, a
TEPMHUHBI YUC- U MPAHC- — K CTPOEHHI0 cydcTpara (ajikeHa).

XoTs MHOTHME BaXKHBIE JETaJM €Ule HESCHBI, JIOCTUrHYTO ofIee
[TOHYMaHHE MEXaHW3Ma H CTepeOXUMHH CIOXHOIO Ipolecca KaTalu-
THYECKOTO THAPMPOBaHHUA. Bonopoa ancopOupyercss Ha IOBEPXHOCTH
METa/UTHYeCKOT0 Karanuiaropa. KpaTHas yrmepon-ymieponHas CBA3b
TaKKe B3aHMOJEHCTBYET C MOBEPXHOCTHIO MeTallia, o0pa3ys CIOXHbIE
HHTEPMEUATH], B KOTOPBIX OpraHHYecKas MOJeKy/a CHIbHO aacopOu-
posana. IlepBonauansHo 0Opa3oBaBUIHICS HHTEpMERHAT aJcOpOHpOBaH
0o00oMMHM YIIEpOAHBEIMYU aTOMaMM JIBOHHOM CBA3M, M m-OPOUTAIIH alKeHa
MICTIONB30BAHE] JUIS CBA3BIBAHUS C ITOBEPXHOCTBIO MeTaniia. Bopopon,
ancopOHpPOBAaHHBIM HA MOBEPXHOCTH, Jallee MPUCOSAUHACTCS K aIcop-
OupoBaHHOI MoneKyae cybcTpara, U 00pa3yromascs MpH 3TOM YacTHIIA
CBS3aHA C NIOBEPXHOCTHIO METAIIIA 0-CBA3BIO. DTOT HHTEPMEAHAT Aajee
MoJ[BEpraeTcs THAPOreHONIN3Y — PACUIeIIEeHUI0 HOBOM MOJIEKYIOH BO-
nopopa no ceazu C—MeTan ¢ 06pa3oBaHHEM KOHEYHOTO HACHIIIEHHOIO
npoaykra. CXeMaTH4eCKH ¥ YIPOIIEHHO 3TO MOXKET OBITH IPEJCTaBICHO
cnenyomuM o6pazoM:

et e H-—-H
I 1 R I'R 1
Re. LR
---H c—C H R R
e ! . e—o”

77 \™R
H H

JIBofiHas ¢BA3b B ajIKEHaX THApPHUpYeTcs ¢ OONbIIEH CKOPOCTHIO
[0 CPAaBHEHHIO CO MHOTHMH APYTUMH (YHKUIHOHANBHBEIMH TPYIIaMH
(C=0, COOR, CN u ap.) u mosromy rugpupopanue ngoinoi (C=C)
CBSI3H 4acTO NpeacraBiser coboil ceNeKTHBHBLI IPOLECC, eCIIH THAPH-
poBaHHe Benercss B MArkux ycraoBuax (0-20°C u mpu atmocdepHom
nasnenun ). Huke npuBe/ieHbl HEKOTOPBIE THIIHYHBIE IIPUMEDHI:

A Ha; Pd/C 1 momp O KETOH HE€ BOCCTaHABIHBAETCH
- CoHsOH; 20°C; 1 amm [ B 3THX yCIIOBUSX
@) O
CH=CH—-COOCH; Pd/C CH,CH;COOCH;
5 ey
1 moms C>HsOH;
METHII-3-EHHIIPOTIEHOAT 20°C MeTHI-3-heHumnponanoar
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beH30MbHOE KONBIO HE BOCCTAHABIMBAETCA B 3THX YCIIOBHUAX.

CH=CH-C=N Pd/C CH,CH,CN
B. | + AN
1 I;I(%nb CH3CH>OH; 20°C ©/

BonbIMM ¥ IPUHIUIIHANEHO BRXKHEIM JOCTHXKEHHEM B KaTaJIHMTH-
YeCKOM THMAPHPOBAHHH ABISETCA OTKPHITHE PACTBOPHMBIX KOMILIEK-
COB METaJUIOB, KOTOpPHI€ KaTalU3UPYIOT THAPHPOBAHHE B TOMOTEH-
HOM pacTBOpe. l'ereporeHHoe TrHAPHPOBAHUE Ha IIOBEPXHOCTH Me-
TAUIMYECKUX KaTalH3aTOpOB HMMEET D/ CYIIECTBEHHBIX HEJOCTAaT-
KOB, TaKkMX KaK H30MEpH3alMs aJIKeHa M pacHIelIeHHe OJUHAapHBIX
YIIEpOI-yINEPONHEIX CBA3edl (ruaporenonus). ['oMoreHHOe FHIPUPO-
BaHHE JIMUIEHO 3THUX HEJOCTATKOB. 3a MOCHeJHHE ToAbl MOoIydYeHa
Oonpmiag rpynma KaTaIH3aTOPOB TOMOTEHHOTO THIPHPOBAHUS — KOM-
IUIEKCOBR IEPEXONHBIX METAIUIOB, CONEpPKAIIMX Pa3iUYHBIE JHTAH[BL.
Jly9mmMu Karajau3aropaMy TOMOT€HHOIO THAPHPOBAHMS SIBIIIFOTCSA KOM-
miekchl xopunoB poaus (1) u pyrenns (II) ¢ rpudenundocdunom —
mpuc-(tpuderundocdun)ponuiixaopun [(CsHs); P13RhCl u ruxpoxiio-
pun mpuc-(tpudenunpocun)pyrenus [(CsHs)3sPl3RuHCl. HaubGonee
JOCTYIIEH POIMEBBLI KOMILIEKC, KOTODBIH IONYyYaeTcs MpH B3aHMO-
nmedcteuit xiopuna poxus (I) ¢ TpudenunpocounoMm (KaTamuzaTop
Jlx. Yunkuacona). PonueBsiii KOMIUIEKC YHIKHHCOHA HCTIONB3YeTCS U1
THAPUPOBAHHS ABOMHON CBA3M B OOBIYHBIX YCIOBHAX:

©+H [Ph3P]3RhCl O
6eH30n 20°C
Baxnoe IPCUMYIIECTBO TOMOICHHBIX KAaTaJH3aTOPOB 3aKNKOYaeTCad B
BO3MOXHOCTH CEJIEKTHBHOIO BOCCTAaHOBIEHHUS MOHO- H JU3aMEIeHHOH
JIBOWHOH CBSA3H IO CPaBHCHHIO C TpHU- H TeTpa33MeIlIeHH0171 H3-3a
OOJIBIINX pamnqnﬁ B CKOPOCTH 'HAPHPOBAHHA. Bnaroz[apﬂ 3TOMY CTaJI0

BO3MOXXHO CEJIEKTHBHOE BOCCTAaHOBJIEHHE OAHOM ABOMHON CBA3H B
MIPHCYTCTBHH OPYTOH ABOWHOH CBA3H B ONHOH H TOH XK€ MOJIEKYJIE:

H3C\C/OH H3C\C/OH
Hz(]:/ \CHZ H2(|:/ \CIH2
|
H,C CH, — ™ , H,C CH,
\CH {(CsHs)3PL;RKCI \CH
<'% |
H3C/ \CH3 H3C/ \CH3
JIHHAJIO0JN
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IpucoenuHeHne BOIOPo/a NPOUCXOIUT B Huc-TIOTOKEHHH, BOCCTa-~
HOBJIEHHE yuc-2-0yTeHa AeTepueM IpUBOANT K Me30-2,3-nuneittepody-
TaHy:

H\C /CH3 H
I +D, LCsHs)PLRACI D—’—CH;
C 2 BeHson D —t_ CH;
e
H” “CH, H
yuc-2-6yTeH me30-2,3-aupeHtepobyran

Peakiiuy, KaTanu3upyeMbie KOMINIEKCAMM NEPEXOHBIX METAJUIOB, B
TOM YHCIE€ W HMAPHPOBAHME aIKEHOB, MOAPOOHO pacCMaTpUBAKOTCH B
mase 27.

5.4.2. BOCCTAHOBJIEHUE JBOITHOM CBSI3H C NOMOILLIO JUHMHAIA

I'unpaszun NH; —NH, okuciaseTcs nepokCHIOM BOAOPOJA B IIPUCYT-
cteur noHoB Cu™? go mummuna NH=NH. Bomee ynoOHBIM METONOM
reHepanyyu JUUMHIA SIBISIETCS B3aMMOJCHCTBHE IMIpa3HHa C HUKEIEM
Penes. Ecnu B peakiiMOHHON cMeCH IIPUCYTCTBYET AJIKEH, €r0 JABOHHAS
CBS3b IOA IEHCTBMEM OYEeHb HECTAOMIBLHOIO JAMUMHKIA MOABEPraeTCs
ruApupoBanuio. OTIHYHTENBHOH 0CODEHHOCTHIO 3TOTO METOIa SIBJISIET-
€Sl CTpoOras cuH-CTepeocnel(PpUIHOCTh MPOLIECCa BOCCTAHOBIICHHS.

CH
CH ;o3
O —oee— T
Ni Penes --CH
CHs ) }
Yue-1,2-puMeTun-
UMKIONEHTaH
NH;—NH,
Cu®*+H,0
14, 6-uuxno- (98%)
AoaeKaTpuet UMKNOROAELEH

5.4.3. PEAKLIUM DJIEKTPO®UIBHOIO IPHCOEVHEHUS
MO ABOMHOM CBSA3H AJKEHOB

I'parrgabiva opbutamsmMa B3MO u HCMO ankeHOB SBASIOTCH
3aHATas 7w- M Imycrasg nw*-opburamu. CleqoBaTeNbHO, B peakmusx ¢
anexkrpoduinamu (E*) Gyner ydacTBoBaTh w-OpOHUTaNb, 4 B peaKLMsaX
¢ aykneopuramu (Nu™)— n*-opburtans cBazu C=C. B GONbIIHHCTBE
CIy4yaeB TPOCTblE AIKEHBI JIETKO BCTYMAIOT B PEaKIUH C 3JEKTPO-
¢unamu, a ¢ HykieodHIaMH pearupyrT C OOJbLIMM TpyaoM. 3To
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obwsicHseTcs Tem, uTo o6bgHO HCMO OonbiinHCTBA 37EKTPOGHUITOB
Mo sHepruu Ommsku K sxepruu 7-B3MO ankenos, torma xak B3MO
BOJIBIIMHCTBA HYKI€O(DHUIIOB JIEKAT 3HAYHTENLHO HUxKe 7 -HCMO.

(HeMo) ™

chaboe
B03MyLLeHMe

£®(Hemo)

(B3MO)ar  ——t— NE(B3M0)

cHABHOR
BOIMYLLEHHe

ITpocThie anKeHBI pearupyroT JIHIIb ¢ OYeHb CHIIBHBIMH HYKIICO(DHIIh-
HBIMM areHTaMH B KECTKHX YCIIOBHSIX, OJHAKO BBEJCHHE JIEKTPOHOAK-
nenTopHeIX rpymmn, HanpuMmep NGO, COR, F u ap., OIpHBOIHUT K MTOHHU-
KEHHMIO T*-ypOBHS, Oyiaronaps 4yeMy ajikeH mprobpeTaer crnocoGHOCTE
pearupoBarhk ¢ HyKIeodUIaMu CpeHei CHTBL

B pesynabTare B3auMopeiicTBHs dnexrpoduiabHoro arenta E® ¢
ankeHoM obpasyeTcs kapOOKaTHOH, 00nanarouuii BEICOKOH peakIUoH-
Ho#t crocobHOCThIO. KapOokaTtHoH jaiiee cTaOUau3upyeTcss 3a cuer
GBICTPOTO MPUCOEAMHENHS HyKIIeopuIbHOro arenta Nu®:

~ / @  MEAJeHHO \ D
= + —_— —
/C C\ E . /C C\ )
anken JIEKTPO-
HJIBHBIH
® areHT KapBoxaTHOH
N & 4 6mcTpo ~ e
—C-C__ + Nu e S )
E E Nu
KapOOKaTHOH HYKJIeO(DUILHBIH DOAYKT
areHT NPpUCOCOUHEHUA

ITockonsky MeIUIEHHOH CTaaHeH ABIAETCS NPHCOEIHHEHHUE IEKTPO-
¢HIIa, ¢ TOUKH 3pEeHUT MEXaHH3MA [IPOIECCa MPUCOSIUHEHHE TOJIIPHOTO
arenta E"®Nu—° crenyer paccMaTpHBaTh MMEHHO KaK 371eKTpO(HIbHOE
TIPUCOEJHHEHNHE K KpaTHOW CBA3H ankeHa. M3pecTHo Oonpmioe 4ncio
peaKuui 3TOr0 THIA, TNE POJbL EKTPOGHILHOIO arcHTa BBHIIONHSA-
0T TaJOreHOBOJOPOMEI, BO/A, TAJIOTE€HbI, COTH IBYXBAJEHTHOW PTYTH,
cynbdenxiaopuist RSCI, xuopuctsiit aurpozwi NOCI, 6pom asun BrN3,
nonazun INs, Hoguzonuanar [-N=C=O0 u apyrue nojsipHble peareHThI.
InexTpoUNBLHOE IPUCOEAHHEHHE K ABOIHON CBA3M B KIaCCU(PHUKAIUH
MEXAaHM3MOB OPraHWYECKUX peakiuit umeer cumsol Adr (Addition
Electrophilic) ¥ B 3aBHCUMOCTH OT YHCJIa PEarHPYIOINX MOJIEKYI
obo3Havgaercs Kak Adg2 (buMmonekynsipHas peakius) Wi Adg3 (Tpu-
MOJIeKyNIsipHas peakius). PaccMoTpumM Teneps Honee noapobHo Haubdo-
Jee BaXHBIE [IPUMEPBI AIEKTPOYHUIBHOr0 IPHCOSAMHEHHUS 110 TBOHHOH
CBSI3H.
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5.4.3.a. IIPUCOEIVMHEHUE TAJIOTEHOB

AJIKEHbI pearupyor ¢ 6poMoM B XJIOpoM ¢ 06pa3oBaHKEM IMPOAYK-
TOB TPHUCOEAWHEHUS IO HBOJHOHM CBA3M ONHOH MOJEKYIBl TajoreHa
C BBIXOAOM, ONM3KHM K KOJIMYECTBEHHOMY. PTOp CAMIIKOM aKTUBEH
H AaXe NMPY HHU3KOH TeMIepaType BBI3LIBAECT HCCTPYKUMIO AJKEHOB.
[pucoenuuenue Hoja K ankeHaM B OONBITHHCTBE CIyYJacB NPENCTaBIACT
coboit 06paTHMYIO peakIuio, PABHOBECHE KOTOPOH CMEMEHO B CTOPOHY
HCXOJHBIX peareHToB.

CH;CH=CH; +Br2 CH3 (IJH—CHzBr. (99%)

Br
1,2-pubpomuponan
Br
cct
+ B 4 —
O oL (:( 0,95%)
“Br

mpatic-1,2- 1M 6POMITMKIIOTEKCaH

CH;CH=CHCHj +Cl; — — o CH;~CH- ?H CH; (100%)
Cl Cl
2,3-auxnopOyraH
CHClg

CH;CH,CH=CH, + Cl, —— CH3CH; —CH—CH; (97%)
I
Ct (1
1,2-nuxnopbyTan

bricTpoe obeciBeunBanue pactsopa 6poma B CCly cayxuT ofHUM M3
MPOCTEHIIHX TECTOB HAa HEHACBHINIEHHOCTh, MOCKOIBKY M ANKEHBI, U
QJIKHHEI, 1 IWEHBI OBICTPO pearupyior ¢ OpoMoMm.

IIpucoennuenue Bry; u Cl, x ankeHaM IPOUCXOAUT 10 HOHHOMY, a He
PaIUKITBHOMY MEXaHH3MY. DTOT BBIBOJ CIE€AYET H3 TOr0, YTO CKOPOCTh
IIPHCOCIMHEHHUS TajJIoreHa He 3aBHCHT OT OOIYYEHHUS, NPHUCYTCTBHS
KHUCIIOPOZA M APYTHX PEareHTOB, HHUIMHPYOIMX WIH HHTHOUPYIOIHX
paaMkanbHele Tipoliecchl. Ha ocHOBaHHMH OONMBIIOrO YHCIA 3KCIEPH-
MEHTANBHBIX JAHHBIX Ui 3TOH peakiuu ObLI IPenoXeH MEXaHH3M,
BKJIIOYAOIMII HECKOIBKO II0CIe0BaTeNnbHbIX crandid. B mnepBoil cra-
JUM TIPOUCXOAMT IIOJISPH3AlUs MOJCKYNBl TaloreHa IO AEeHCTBHEM
JNEKTPOHOR 7-CBA3H. ATOM TaJIOI€Ha, MPHOOPETAIONUH HEeKOTOPHBIM
IPOOHEIH TOIOXKUTENbHEIN 3apsil, 00pa3yeT ¢ 3JIeKTPOHAMH T-CBA3ZH
HeCTAOMNIBLHEIH UHTEPMENUAT, HA3bIBAEMBIN 7T-KOMIUIEKCOM HIIH KOM-
IJIEKCOM € IepeHocoM 3apsaa. CleayeT OTMETHTD, YTO B T-KOMIIJIEKCe
rajgoreH He oOpa3syeT HampaBlIeHHOH CBS3M € KakuM-HUOYIb KOH-
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KPCTHBIM aTOMOM YITIEPpOJa; B 3TOM KOMIUICKCE NPOCTC PLaIM3yeTCs
AOHOPHO-AKUCIITOPHOE B3aHMOJICHCTBHE BHGKFPOHHOﬁ mapel 7-CBA3H
KaK JOHOpa W rajioreéHa Kaxk akuenropa.

J=( et = e
Br"'

Br"
T -KOMIUIEKC
(KOMILIEKE € MepeROCoM 3apaza)

Janee m-xoMImIeke npeBpalaeTcs B MUKINICCKHE OpOMOHHEBBIH HOH.
B npouecce 06pa3oBaHUs 3TOro IMUKIKHYECKOTO KaTHOHA HPOHCXOAUT
reTeponuTUYecknit paspsie cBsg3d Br—Br (win Cl—Cl) u mycras
p-Op6uTaTh Sp’-THOPHAM3OBAHHOTO aTOMa YIVIEPOAA IIEpPEKPHIBACTCA
C OpOHTaANBIO «HEIOJENECHHOW Naphl» 3IEKTPOHOB aTOMa TIalloreHa,
00pa3ys HUKIMIecKUit HOH OPOMOHUSA (HIH XJIOPOHHA):

\ P

/+\ A~

Br

B -§ MOH THAEHGPOMOHHS

B nocnenseit, TpeThed, cTanuu aHHOH OpoMa KakK HYKICO(hHILHBIH
areHT aTakyeT ONMH U3 aTOMOB yrepoaa 6poMoHHeBoro nosa. Hykieo-
¢dbuaLHAS aTaka ramoreHuJ-HOHA [IPHBOAXT K PACKPBITHIO TPEXWIEHHOTO
[UKIIa ¥ 0Opa30BaHUIO BHIIMHAIBHOTO AurajoreHuaa (vic — pgaoMm). Oty
cTaauio GopMalbHO MOYXKHO paccMarpHBaTh KaK HYKIeohHIbHOE 3aMe-
menue Sy2 y aToMa ymeposa, e yxonsmeit rpynnoi seasercs Bro.

. ;?.“, . Br
A N
N 7z

ITpucoenuueHue ranoreHoB K ABOHHOM CBsI3H aIKCHOB NIPEACTABIACT
coboif OHY K3 NPOCTHIX MOJENbHBIX peakiuil, U Ha 3TOM NpuMepe
MOXHO PacCMOTPETh BIHAHHE OCHOBHBIX (AKTOpPOB, Ha OCHOBRHHUM
KOTOPBIX MOT'YT OBITh CAENaHbl apryMEHTHPOBAHHbBIE BHIBOABI O J€Tallb-
HOM MeXaHusMme mporgecca. s 000CHOBaHHBIX BBHIBOJOB O MEXaHH3MeE
m000# peakuuu CiIenyeT pacroiiaraTh NaHHBIMH II0: 1) KHHETHKE
peaxnyy, 2) CTEPEOXUMUH, 3) BIUSHHAIO 3aMECTHTENEH B HCXOTHOM cy0-
CTpaTe Ha CKOPOCTh PEaKIUH, 4) BIMSHHUIO PACTBOPHTENI HA CKOPOCTH
peaknu, 5) HAIHYUIO MIIH OTCYTCTBHIO COIPSIKEHHOTO, KOHKYPHPYIO-
HIETO Iporecca, 6) BO3MOXHOCTH MEPErPYNIHPOBOK B XOUE PEaxilHH,
7) UCTIONIB30BAHUIO MEYEHBIX CyOCTPaToB M (HiIM) pearcHTOB.
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PaccMoTpuM 3TH (DaKTOPHI Ha PUMEPE raJIOTeHUPOBAHHS AJIKEHOB.
KuHeTHIeCKHe NaHHbIe Jat0T BO3MOXHOCTH YCTAHOBUTH IIOPSIOK peak-
LHH 110 KAXXIOMY KOMIIOHEHTY H Ha 3TOM OCHOBaHHH CIEJaTh BHIBOI 00
o011eit MONEKYIAPHOCTH PeakllHy, T. €. O YHCIIE PearHpyronIX MOIEKYIL.
It GpoMUpOBaHHS alKEHOB B OOIIEM Clydae CKOPOCTb PEaKLMU
ONUCHIBAETCA CACAYIONIMM YPARHEHHEM!

v = k'[anken][Br;] + k" [aiken][Bra)* + k"’ [anxen][Br, )[Br],

KOTOpOE MHOTIA yIpolnaercs a0 v = k'[anken][Br,] + k" [anxen][Br,]?
H peaxko [0 IMEPBOHAYAIBHO OKHAZEMOTO IIPOCTOTO BBIPAXKEHHA
v=k'[anken][Bry]. Ha ocHOBaHHM KHHETHYECKHX JAHHBIX MOXHO ClIe-
JIaTh BBIBOJ O TOM, YTO B ONPEACISONICH CKOPOCTh CTAAHU PHHHMAET
yudacTHe OIHA WIH JBEe MOJIeKynsl bpoma. Bropoii nopsok no 6poMy
03HAYAET, 4TO ¢ GPOMOHMEBLIM HOHOM PEarupyeT He OpOMHA-HOH Br,
a TpHOPOMUI-NOH Br3e, obpasyrommuiicss Ipyu B3auMONEHCTBHH OpoMa U
Opomsa-HoHa:

Br, +Br° = Br§9

310 paBHOBecHe ans 00pa3oBaHUA Br_,,e cZBUHYTO BnpaBo. KuxetH-
YecKWe JaHHble He MO3BONAIOT CACAATh KaKue-THOO IOpyrue BEIBOIBI
O CTPYKType MNEPEXONHOTO COCTOSHHS H INPUPOAE INEKTPODHUILHOM
YACTHIB! B PEAKIMH NPUCOEIWHEHHS TajoreHa II0 ABOHHON CBA3H.
Hanbonee ueHHyio HHPOPMAIHIO 0 MEXaHHM3ME BTOH peakUWH Hpen-
CTaBIAIOT JIAHHBIC IO CTEPEOXHMMH npucoenuHeHus. Hpucoenunenue
ranoresa K ABOWHOM CBs3M npeAcTaBuser coboi crepeocnenmduaeckuit
npouecc! aumu-npucoenMHEHHS IS aTKEHOB M IMKIOATKEHOB, Y
KOTOPBIX IBOMHAS CBSI3b HE CONMpPSDKCHA C OSH30NBHBIM KOJIbIOM. s
yuc- 1 mpanc-u3oMepoB 6yTeHa-2, meHTeHa-2, TeKCeHa-3, IUKIOreK-
CEHa, IUKIONEeHTEHAa U IPYTHX alKeHOB IPHCOCAMHEHHE MPOUCXOAUT
UCKIIIOYUTEIILHO B MPAHC-TIONOXEHHE.

Br H

H
4 H
Br H Br

I{HKIIOTEKCEH a,a-xoH(opMep e,e-koHbopMep

mparc-1,2-KuOPOMIUHKIIOreKCan

IIpu npucoenuHeHnH 6poMa K HUKIIOTEKCEHY IepBOHadanbHO 0bpa3syer-
ca mpanc-1,2-aubpoMIMKIOTreKcaH B a,a-koH(opMaliuy (KoOHpopMauu

! CrepeocnenubmueckuM HaIbIBAETCA Takol NPONECC, B KOTOPOM 06Pasyercs TOILKO OIMH M3
BO3MOXHBIX CTEPEOH3OMEPOB; B CTEPEOCENISKTHBHOM IIporiecce HabnIofaeTcs NpeHMyLIECTBEHHOE
o0pa3oBaHue OIHOIO CTEpPeoMepa.
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LHKIIOTEKCAHa PACCMOTPEHB! B INIaBe 22), KOTOPBIA 3aTeM cpasy xe
[IEpEeXOUT B DHEPreTHIECKH olee BRITOAHYIO e,e-KoHpopMmaluio. IToT
BBIBOJ OCHOBaH Ha H3yUEHHH NPUCOESAHHEHHS OPOMA K HEHACHIIIEHHOMY
COENMHEHUIO, B KOTOPOM KOIBIO LHMKIOTEKCEHa KOHIEHCHPOBAHO C
apyrumu konbliamMu. HauGonee ymoOHBIM MOIENBHBIM COEAMHEHHEM
TaKOr0 THIIA ABSETCS XOJECTEPUH:

CHs CHj

D% CH,
Jo0

HO

XONECTEPHH

XomecTtepuH HpHCOEAMHAET OpoM ¢ obpazoBaHHeM JHAKCHAIBHOTO
nubpoMHua, B KOTOPOM KOJBIIO B 3akperuieHo B JaHHOH koHQOpManuu
cowieHeHueM ¢ Kojapramu A u C:

H CH, H o CHs
CHy 8 CH CaHyy
‘ Gy B2 Br
M’ B
HO
H
i Ho
H
H Br

JMaKCHAIbHbIH AROPOMHUI XOIeCTEPHHA

mpanc-JinakcuanbHOe NPHUCOSAUHEHNE raJOoreHOB K ABOHHOM CBS-
3M TO3BOJISET OTBEPTHYTH MEXAHH3MBI OZHOCTAOHHHOTO CHHXPOHHOTO
DPUCOENUHEHUS OJHOH MONEKYNBl TajoreHa K JABOMHOH CBS3H, KO-
TOpOE MOXET OCYUIECTBISITECA TOJNBKO KaK CUH-TIDUCOSAMHEHHE. AH-
mu-TIPUCOCIHHCHUE TaJIOTeHa He COITIacyeTcs TaKkKe U ¢ 00pa3oBaHUeM
oTkpelToro kapbokarnona RCPH—CH,Hal B kadecTBe MHTEpMEAUaTa.
B orkpeiToM KapOOKaTHOHE BO3MOXKHO CBOOOIHOE BpallleHHE BOKPYT
C—C cB#34, YTO JOIDKHO NIPUBOIUTH IIOCTIe aTaku aHnoHa Br— k obpa-
30BaHHIO CMECH NMPOAYKTOB KaK aHmi~, TaK U cun-TipucoeanHenns. Cre-
peocrienipUUSCKOE @HMU-TIPUCOCIHHEHYE TaJlOrEHOB SIBUIOCH IJIAB-
HO¥M TIPHYHMHON CO3JaHHs KOHIEHIMH OpOMOHHEBOTO MIIHM XJIOPOHHE-
BOI'O HMOHOB B KadyeCcTBE AMCKPETHHIX IPOMEXYTOYHEBIX YACTHIl. JTa
KOHIIENITHA HICANBHO YIOBIETBOPSCT NPABUILY AHMuU-TIPUCOCIUHEHUS,
TOCKOJIbKY HyKJeo(]uibHas aTaka raJIoTeHUI-HOHA 10 JH000MY U3 ABYX
aTOMOB yINIEPOAa TaJIOTEHOHMEBOr0 HOHA 110 Sy2-MexaHusMmy (TI. 9)
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IPOMCXOIHUT C THUIBHOH CTOPOHBI:

AN N
7 N 7 AN
Hat® Hal

Jist HeCUMMETPUYHO 3aMEUICHHBIX AJIKEHOB 3TO J0JDKHO NIPUBOAUTH
K JBYM JHaHTHOMEpaM mpeo-GOpMBl IpU [IPHCOEAMHEHHU OpoMa K
yuc-130MepY U K 3HaHTHOMepaM spumpo-(hOpMbl IPH TaJOUAHPOBAHHH
mpaHc-u30Mepa. ITO AEHCTBUTENHBHO HAaOMIONaeTcs MpH NPUCOEIUHE-
HUH OpOMa, HanpHMeED, K yuc- ¥ mparc-u3oMepam IeHTeHa-2:

Br H)
w4l (R 35
N H Ht LA oA e 83
/ N ’ 3 s a
c=¢{ + Bp,— C—C —— L228
FANTAN H Br (326
sl RS
yHe-nenTen-2 T o/ —_— \ ~H
Br H,CHy
e
Br H n
N , ,CH CHy
a g C”s/(s) (a)\
CH H CH H
\(3:—‘(:/ Br, 3. £_£ Br® IHAHTHOMEPS!
RN " SN chs o 3PUTPO-POPMBI
H CHZCH3 H Br CHZCH:‘ 5 ~ /
TpamC-NeHTeH-2 C—C...
’ HZ () GNCH
Br CH,CH,
J

B ciayyae cHMMeTpHYHBIX ajIKEHOB, HANpUMEDP yuc- W Mpawc-
H30MEepOB reKceHa-3, NOJDKeH 06pa30BhIBaThCA HIIM paeMar (T. €. CMech
paBHBIX KoJIHuecTB D- U L-3HAHTHOMEPOB) HIH Me30-(popMa KOHEUHOTO
nubpomuna, uTo U Habnronaercs B ASHCTBUTENBHOCTH:

Br H =
a ,'
p———
HoH y b "H H 7/ (m\ CH,CH,
N_/ Bn 1 1 Br®| CHsCH, 3HaHTUOMEpb! ,
C=C\——> /c——c\ — > CMECb PaBHbix
CHyCH CH,CH, H 8r KOoAu4ecTs
31 CHyCH, Br  CH,CH, 5 . / D- v L- qopm
yuc-rexkcen-3 ————»
CHyCH, /(5) (5)
\CH LCHy
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ﬁ
Br CHZCHS
N/
a g Hgm ONH
CH;C\H\Z /H Ar H\l l,szCHa CHyCH, Br
/C:c 2 ) . Bro H Br &MESO-CPDPMN
H CHCH CHCH, Br N
e C—C
Tpanc-rexcen-3 CHyC H27 (5 RN\EHLH;
Br H

-~

HMeeTcst HezaBHCHMOE, NpsAMOE JIOKa3aTeNbCTBO CYIIECTBOBaHMS
TaJIOTEHOHNEBLIX HOHOB B HeHYKneobWILHOM, HHI{epeHTHOH cpeae
npd Hu3Ko# Temmneparype. C nomompio SIMP-cniekrpockonmuu GpL10
3aperucTPUpOBaHO 00pa3oBaHHe OPOMOHHEBBIX HOHOB IIPH MOHH3ALMH
2-6poM-3-trop-3-meTundyTana npy IeHCTBHH OYEHD CHIBHOH KHCIOTH
JIptorica — mATHHTOPHCTOH CypbMBI B PaCTBOPE XUAKOH IBYOKUCH CEpBbl
mpu —80°C:

Y
5 NSBN (=)
—C—CH— — —_—
(CH3)2 Cl CH—CHy #nax. S0, ; -80°C /C N SbFg
F CHj H

OTOT KaTHOH AocTaToyHOo crabuieH npu —80°C B HeHyKIeoQUIBEHOI
cpene JUIS HEMOCPEICTBEHHOrO HaOmOneHusi, HO MIHOBEHHO paspy-
1maeTcs NpH ACHCTBUM JIIOOBIX HYKICO(QUNBHBIX AreHTOB MIH IIPH
HarpeBaHmH.

[uknuyeckre HOHB! GPOMOHNS HHOTJA MOTYT OBITH JaKe BBIAEIIEHEL,
€CIH NPOCTPAaHCTBEHHBIE MPEMATCTBHS MENIAIOT HX PacKpHITHIO IPH
JeHCTBUH HYKIEO(HIOB:

Br

+
+ ZBPZ-—-Pm
=]

BI'3
AUaNaMaHTUNEH

Ot10, pasyMmeercs, HE MOXET CIYXHTh NPSMBIM H0Ka3aTeIbCTBOM
00pazoBaHHs OPOMOHHEBEIX HOHOB B PEaKIUU IIPHCOSIHHEHNA OpoMa K
JBOMHON CBSI3Y @JIKEHA B CIIUPTE, YKCYCHOM KHCIOTE M IPYTHX JIEKTPO-
HOAOHOPHBIX PacTBOpPUTENAX. TakHe JaHHBIE, CKOpDEE BCETO, CIENyeT
paccMaTpuBaTh KaK HE3aBHCUMOC IOATBEPXKACHHUE MNPHUHUIHANHATBHON
BO3MOXHOCTH 00pa30BaHus T'aJJOTEHOHHEBBIX HOHOB B IIPOIIECCE 3ICK-
TpoHUIBHOTO NPHCOEIUHEHHS N0 JBOWHOM cBs3u. KoHnenmus rajiore-
HOHHEBOro MOHa& [03BOJIAET NaTh pallHOHANLHOE O0BsACHEHHE oOpaTH-
MOCTH IIPHCOETHHEHUSA HO/Ia K JBOWHOM CBA3H. B KaTHOHE ramoreHoHus
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€CTh TPH 3JeKTPOGUIBHBIX IIEHTPA, NOCTYIHBIX HYKICO(MHIBHOMN aTake
raJoreHMI-aHMOHA: [Ba aToMa yrliepoia WM aToMm rajoreHa. B cmydae
XJIOpOHHEBBIX HOHOB aHHOH Cl™, MO-BHJIUMOMY, NPEHUMYILIECTBEHHO
WM J@Ke HUCKITIOYUTEIbHO aTaKyeT yDIEpPOAHBIM LeHTp KaTuoHa. Jlas
OpOMOHHEBOr0 KaTHOHA PaBHOBEPOATHE! 00a HarpaBleHUs PAacKpPHITHA
raJIOreHOHUEBOTO HOHA 32 CUET aTakd OpPOMHUA-HOHA KaK MO yIIepony,
Tak 4 no aromy Opoma. HykneodunsHas araka no aroMy Opoma
OpOMOHMEBOTO HMOHA I[IPHBOAMT K HCXOOHBIM peareHTaM — OpoMy H
aJIKEeHY:

N /s KN ”
c=¢" + Br—Br == —’
/N e &/ \
Br Br®

Monouuessiit HOH PAacKpHIBAETCS, BEPOATHO, HPEHMYIIECTBEHHO B
pe3ynbTaTe aTaku HOMUI-HOHA IO aTOMY HOXA, W MOATOMY PaBHOBECHE
MEX/Ty HCXOIHBIMH PEareHTaMH H HOTOHUEBHIM HOHOM CMEIEHO HMEH-
HO B CTOPOHY PEareHTOB:

N Ve

c=¢ + I—1 s=—/= 1 (—C¢
N /\ff/\Ie
~——

KpoMe Toro, koHe4HbIH NPOAYKT IPHCOEIHHEHHUS — BHIIHHABLHBIMA
IO — MOXKET IIOJIBEPTraThCsl HYKIeO(HUIBHON aTaKke NPHUCYTCTBYIO-
muM B pactsope (I, +1° — IS) Tpuiionun-nonoM I§ — o atomy #ona,
YTO TaKKe [PUBOAUT K 00pa30BaHUIO MCXONHBIX PEareHTOB AJKEHAa U
fiona:

R\ /R =] " A ! R\ /R (<] (=]
R C—Cmp + I3 — [R—C—C=R|—> C={ + I, + I3 (wm I;)
I I I I R R
P
I I
O/
I

AHmu-nIpMCcOeAMHEeHHE XJIOpa WM OPOMa XapaKTepHO s aJIKEHOB,
Yy KOTOpBIX NIBOMHAS CBA3b HE COINPSDKEHA C 7-3JIEKTPOHAMHU OEH301b-
HOTO Konbla. [nst ctupona, cTunbbeHa U MX MPOU3BOAHBIX HApSAy ¢
AHMU-TIPUCOEAMHEHHUEM HMEET MECTO M CUH-TIPUCOEIUHEHUE TaJIOreHa,
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KOTOPO€ B IIOJIAPHOU CpEIC MOXKET CTATh JaXKC€ JOMHHHPYIOIIHM!

ceH H
S\SC—C/ + g, £HaCO0H csﬂic c Bﬁ + Cﬁﬂic c/H
— r — o - —
VAN 2 7 H?7™  "OwCH;
H CH, HEE e, Br  Br

(68%), npoayKT

£-1-penunnporien aHTH-NPACOEAUHEHUS

(32%), npeayKT
CHH-NPUCORSAHEHUR

H L . H, M
— +B g3NUp S 7 S pl
o=+ B =R e Fe S e,
CeHs CsHs Br CeHg Br Br
(10%), nponyxr {90%), npogyT

QHTH-NPHCOEANHEHNA

CHH-NPAUCOBRUHEHAS

B Tex cimywadx, xorna IpHCOEAMHEHME TajioreHa K JBOMHOMN CBA3U
[IPOBOJUTCS B cpelie HYKICOQHIBHBIX PAacTBOPUTENEH, paCTBOPHTED
3¢b(}eKTHBHO KOHKYpHUpYET C TaJIOTeHUJ(-MOHOM IIPH PAaCKpPLITHU TPEeX-
WIEHHOTO IHKJIA TAJIOTeHOHHEBOTO HOHA!

o Hal
Hatl ~ /
—_— }.—“Cq
o=¢/ + Hal,—» C—¢'— Hal
o ANV
Hal
| sotv Fov
PZanSN
Hat

O6pazoBaHHe NPOAYKTOB NPHCOEAMHEHHSA C YJaCTHEM pPacTBOPHTEIS
WM KAaKOTO-THOO MHOTO «BHEUIHEro» HYKIeO(QHIBHOTO areHTa HOCHT
Ha3BaHUE peaxkyuu conpsidcennoz2o npucoedurnenus. Ilpu B3aumoneii-
cTBUM OpoMa M cTHpona B MeTaHole ofpa3yercs JBa IPOIYKTa: BH-
LHHAJIBHBI quOpoMu U 6poMdup, COOTHOIEHHE KOTOPBIX 3aBHCUT
OT KOHLIEHTPaUHH OpoMa B MeTaHoIIe:

C¢HsCH=CH, + Br, <2, C(,H5C|3HCH2Br +C4HsCHCHS,Br.

Br OCH;

B cunpHO pa3baBiieHHOM pacTBOpPE NOMHHHPYET IIPOJYKT COMNpPSIKEH-
HOTO IIPHCOEAMHEHHS, 3 B KOHLICHTPHPOBAHHOM DPacTBOpPE, HAIPOTHB,
npeobiafaeT BHIMHANBHBINA nnOpomua. B BonHOM pacTBope Bcerna
npeo0iIafaeT TaJOreHTHAPHH (Q-CIHPT, COAEpMAaIlMil rajoreH INpH
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Q~YIIIEPpOJHOM aTOMC), T. €. HPOAYKT COIIPSHKEHHOI'O IIPUCOCAUHECHHUA!

cl
HOH L
% +Cl,— % o— V&\L HOL == o HCl
N on o
rpanc-2-xnop-
LUUKNOreKCARoA

B crnyuae HECUMMETPHYHBIX QJIKEHOB B PEAKIHUAX COIPSHKEHHOIO
TIPHCOEHUHEHHS TaJOreH BCErAa MPHCOEIUHSIETCS K aroMy YIIEpona,
conmepxameMy HaHOombIIee KOTHISCTBO aTOMOB BOAOPONA, a HYKIEO-
GUIBHBIA are’T — K YIIEpoAy ¢ MEHBIIHM YHCIOM aTOMOB BOJOpOZA.
H3oMepHBIH OPOAYKT C WHBIM PAaCIOIONKEHHEM HIPHCOETHHSAIOIMXCS
rpynn He ofpasyercsi. DTO O3HAdYaeT, YTO OOpa3yroIIMHCA B KayecTBe
HHTEPMEOHaTa [UKINYECKHI TallOT€HOHHEBHII HOH IODKEH HMETh
HECHMMETPHYHYIO CTPYKTYPY C AByMs Pa3iTHYaIOUIMMHUCS 110 SHEPTHH
u npounoctd ces3sMu C(1)—Hal u C(2)—Hal u 66nbmumM 1monoxu-
TEJbHBIM 3apAllOM Ha BHyTpeHHeM artome yniepoga C(2). Ilostomy
HyKJIeOo(UIBHOH aTake pPacTBOPHUTENIEM IIO/IBEPracTcsl aroM yrieporna
C(2) raIoreHOHHEBOTO HOHA, HECMOTPA Ha TO 4TO OH Holee 3aMelIeH U
CTEpUHECKH MEHEe TOCTYIIEH.

r|1/H H\OéH OH
% hor |2 .
_JC=CH,+Br, — /c\i:/cri2 — CHs_Cl“C”zaf —-»CH;(I:—CHZBr+HBr.
CHs CHy Br® CH, 8o CHy
(73%)

OneH U3 Ty4IIHX [penapaTHBHBIX METOJIOB CHHTE3a GPOMTHAPHHOR
3aKIII09aeTcs B OPOMHPOBAHHHU aJKEHOB C NOMOILIBI0 N-OpoMCyKIIMHU-
muzaa (NBS) B 6unaproii cmecu numercyinbdoxcuna (IMCO) u Boasl.

09
0 /
o H0;cHsS
CHz C\ 2 3 \CH
R—CH=CH, + oNer__ s,
CHZ—C\
0 Br
CHz
D
0—sZcH, Py
CH—C
HOH RN @ o
R—CH—CH,Br [———R—CH—CH,Br + éH_c,NH + (CHy) S0
OH 2 N

JdumeTuncynb(hoKCHI, KaK BRICOKOOCHOBHBIN AUITONISPHEIA alipOTOHHBIN
PacTBOPHTENb, paclIeIUIIeT TPEXWICHHBIH IIHKI OPOMOHUEBOTO KaTHOHA
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c obpa3oBaHHEM COJIH CYIb(OKCOHMSA, KOTOpas NPH THAPOJH3E HaeT
OpOMTHIPHH C OYEHb XOPOLIMM CYMMAapHBIM BEIXOHOM:

e
CHa~ AMCO--H»0
CsHsCH=CH, + | >NBr _AIMCO-H:0 |
CHZ——C\ 20°C
0
—CsHs—CH—CH,Br  (76%)
OH
CH,
C¢HsCH=CHCH; + | SN AMCO-HO,
CH,— 20°C

—Ce¢Hs—CH—CH—CH; (92%)

OH Br

Hcxonueiit N-OpOMCYKUMHUMUA TTOJIY4aeTcs OpU GPOMHPOBAHHHU CYK-
UMHMMM2 (MMHOAQ SHTApHOM KHCIIOTH) OpOMOM B BONHOH mienodd
nipu 5°C:

0 0
Z
cH,—cZ o CH2 -cZ
| /NH+B , Mot NBr+NaBr+H,0
CHZ \ H;0;5°C CH C
0

O6pa3zoBaHie MPOTYKTOB CONMPSHKEHHOTO IPUCOESAUHEHHS B DEaKIHH
TaJIOTEHUPOBAHMS AJKEHOB TAKXKe ITO3BOJISIET OTBEPrHYThH CHHXPOHHBIH
MEXaHU3M NPUCOENUHEHHs ONHOM MOJEeKyNbl ranoreHa. ConpspkeHHOE
NPUCOCANHEHHE K IBOIHON CBA3M HAXOOUTCA B XOPOIIEM COOTBETCTBHU
¢ ABYXCTaJHMHHBIM MEXAaHH3MOM C Y4YacTHEM KaTHOHA TaJOI¢HOHHA B
KayecTBe UHTepMeauara.

Jns peakuuu MMeKTpOQUIBHOTO NPUCOESIUHEHHUS K ABOMHOH CBs-
3H ClIeLyeT OXHIATh YBEJIHUEHHUS CKOPOCTH DPEaKIHH IIPH HaJIHYUK
3JIEKTPOHOIOHOPHBIX aNKHUJIBHBIX 3aMECTHUTENEH NpH JBOMHOH CBSI3H.
JlaHHble, IpeacTaBieHHbIe B Tabn. 5.5, MOKa3kIBaIOT, 4TO CKOPOCTh IpH-
COEIMHEHHUSI KaK XJI0pa, TaK ¥ OpoMa pe3KO BO3pacTaeT A IH-, TPU- H
TETPaMETHII3aMEIIEHHBIX IPOU3BOAHBIX 3TUNIeHA. CKOPOCTh PUCOETH-
HEHHs XJIopa WM OpoMa K TeTpaMeTWIdTHIEHY (2,3-muMeTunbyTeny-2)
BospactaeT B 10° pa3 mo cpasmenmio ¢ GyTenom-1. Takoe rpoma-
HOE YCKODEHHE ONpPEACICHHO YKa3blBaeT HAa BBICOKYIO IOJSPHOCTh
MePEXOHOIO COCTOSIHUA M BBICOKYIO CTEHEHb pa3fielIeHHs 3apsaioB B
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Tabnuua 5.5
OTHocHTeNbHAS PEAKLMOHHAS CIHOCOOHOCThL AJAKEHOB B PeaKUMH NPHCOEXHHe-
HHSA FAJ0TeHOB

OTHOCHTEnbHAA

peaKuMoOHHasA CIOCOOGHOCTE
AJIkeH [pH XJIOPHPOBAHMH | IIPH GPOMHPOBAHHU
OTHned — 0,01
byten-1 1,00 1,00
Luc-6yten-2 63 27
Tpanc-byren-2 20 17,5
2-MerunnponeH(u300yTHiICH) 58 57
2-MetunbyTeH-2(TPUMET MIISTHIIEH ) 11000 13700
2,3-TuMeTunOyres-2(TeTpaMeTHIITHIICH) 430000 190 000

MEePEXOTHOM COCTOSHHH COIIACyeTcs C 3IEKTPOGUIEHBIM MEXaHH3MOM
TMPUCOETUHEHH S,

U3 panusix Tabn. 5.5 cmexpyer oOpaTHTh BHHUMAaHHE Ha TO, HTO
CKOPOCTH XJOPHPOBaHUA ¥ OpOMUPOBaHUS yuc- ¥ mpanc-0yTeHoB-2, ¢
ONTHOH CTOPOHBL, H U300YTHIIEHA — C IPYTOH, MATO OTIHIAIOTCS MEXIY
co0oi. JTO ABALETCA emle OMHHM apryMEHTOM B MONb3y oOpa3oBaHus
6poMoHHeBOro HoHa. braromapst HMKIHYECKOH CTpPYKType HOH Opomo-
HUs cTaOMIM3KMpyeTCs MIOYTH B OJMHAKOBOH CTEMEHH, HEe3aBUCHMO OT
TOr0, HAXOISTCS JIH IBE METHILHBIE TPYIIIEI Y OTHOTO (B H300YTHICHE)
WIIH Y pa3HbIX (B OyTeHax-2) aToMoB yriaepona. OTKpBITHIA KapOOoKaTHOH
3HaYUTENbHO Oonee crabumeH, ecau 00e METUIILHBIE TPYITIEI CBA3AHEI C
KapOOKaTHOHHBIM I[EHTPOM.

B HeKOTOpBIX coydasix DPUCOCAUHCHHE XJI0pa K allKeHaM, COIepiKa-
HIMM 3JIEKTPOHOJOHOPHEIE 32aMECTHTENH, CONIPOBOKAAETCS OTIIEIUIEHH-
€M IIPOTOHA M3 MPOMEXYTOUHOIO COSIHHEHHS BMECTO IPHCOCTAHEHUS
xJIopHa-HoHa. OTIHEerUieHHe OPOTOHA IPUBOAKNT K 0Opa30BaHUIO XIIOp-
3aMENIEHHOTO aJIKeHa, KOTOpoe (POPMasIbHO MOXXKHO paccMaTPHBATh Kak
NpsAMOE 3aMEIIeHHe C MHUTpaluei JBoWHON cBA3W. OIHAKO OIBITHL C
M30TOMHON METKO# YKa3bIBarOT Ha DoJiee CIOXHBIH XapaKTep IMPOHCXO-
JINKX 30ech npespamenui. [Ipu xnopupopanuu n3obytunera rnpu 0°C
obpasyeTcs 2-MeTHI-3-XJTOPITPOIEeH (METHIAILTHIXIOPYT) BMECTO OXH-
JaeMoro MUXIOpUIA — MPOAYKTA TIPHCOEIHHEHHUs 10 IBOHHOM CBSI3M:

Cla (1mous)
—y

0°C

(CH3)2C:CH2 CH,=C—CH,CI+HC(C],

CH;

T. €. (bOpMa.HLHO Kak 6)’)1T0 HACT 3aMCHICHHE, a HC NPHCOCIHMHCHHC.
I/I3y‘{eHPIC 3TOH PEAKITMN C HCIIOJIB30BAaHHUEM I/X306YTPIJ'I6H8., MEUECHHOTI0
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B nonoxenne 1 wzotornom '*C, nokasano, 4To NpsAMOE 3aMelIeHHE
BOJOPOZA XJIOPOM HE NPOHCXOAMT, TAK KaK B oOpa3yroueMcs METHII-
aJUTMIXJIOpUE MeTKa Haxomurcs B rpynne '*CH,Cl. Peaknuio MOXHO
OOBSACHUTE CIENYIOIIEH I0CIeI0BaATENbHOCTHIO PeBpallleHHIHA:

0 |

4 1, +14 -H 14

CH; C-—-CHz _ooc—-b -C}jz (i—cHz CH2=C_CH2CI.
CH; H CHy CH,

XnopoHueBBli HOH crabunmsupyercs He npucoenunenuem Cl—, a
OTHIEIUIEHHEM TMIPOTOHA ¢ 00pa30oBaHHEM HOBOTO ajikeHa. JTOT aJKEH
yXe MOXET IPHCOEIHHATh BTOPOH MOJIb XJIOpa MO IBOMHOH CBA3M.
AHAJIOrHYHO WIET peaKiysd TeTPaMEeTHIISTUIIEHA C XJIOPOM:

CH CH CH CH CH3 CH,
c=C -+ cL,—> c—¢ —_— c—c—t3 4+ HCL .
/ N\ /\®/ N\ V4 \

CH, CHy CHy 1 CHz| o  CH, cl

B oTnenpHBIX Cllydasx MOXeET IPOHMCXOANTH TAKXKE MUIPALMsl ajlKHIIb-
HOM TpynnsL:

@ 1,2-Murpauus
_ CH3NQ, g CHz-rpynnul ® -H®
(CHy) C~CH=CH,+Cl,—— | (CHg)-C— H-—(in —_— (CH3)zC'C|H-CH2a —

| CHy
BTOPU4HLIA KapboKaTWoK

TPEeTUHHbIN
-H® Kapoxatuon
— CHz=C—CH—CH,CL + (CH;)C—CH——CH
T 2 T 2
CHz CHy a «a
(10%) (90%)
1,2-Murpauns
CHy-rpynnet
(CH3),C—CH=CHC(CH3), + c1—>(cr13)1c—H—(|:r1-c(cr13)3 —

& &

BTOPUUHbIA KapboKaTuoH
o —H®
—*(CH3) C—CH—CH—C(CH;); ———> CH2=(i‘—CH—(l:H—C(CH3)3
CHy Cl (Hy CHy C1
TPETHYHBIA KapOOK ATHON (46%)

OTH IeperpynIupoBKH XapaKTEePHB! A HPOLECCOB C YYAaCTHEM Kap-
OOKATHOHOB B KaueCTBE HPOMEXYTOYHBIX dactuil (cMm. mi. 26). Cre-
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JIOBATENILHO, TPUCOEIUMHEHWE XJIopa B 3THX CIy4Yasx HIET He depel
XJIOPOHUEBBINR HOH, a YePe3 KAaTHOHHYIO YaCTHILY, OJTH3KYIO K OTKPBITOMY
kapbokarrony. B peakuusx mono0HOrO THIa MPUCOENHHEHHE XJopa
[IPOMCXOIHT HECTEPEOCENEKTUBHO, HAIPHMED:

S 5
Ph H Ph ¢t l Ph ¢ H
N /S, N C/ _opawenve, \g? C/
= TN T sokpyr Vs -H
H/ \H H/ l \H cesauC-C H \CI
cl Cl el H
PN A/
/ SH / o
H H a
o anTH

BMecre ¢ TeM cienyeT OTMETHTh, YTO CKEJIETHBIE NeperpynnHpOBKH —
SABJCHHE JOCTATOYHO PENKOE B OPOLECcCaX MPHCOENUHEHUs TaloreHOB
U CMEIUAHHBIX TaJIOTEHOB MO ABOWHOH CBA3U: OHO HaOmromaeTcs MpH
[PHUCOEAMHEHHH XJOpa M TOpa3fo pexe NpH NPHCOEAHHEHHH Opo-
Ma. [leperpynnupoBku HabIIORAIOTCS NpH IPHCOCAHHEHHH XJIOpa K
IOBOMHOI CBA3M B NOISAPHOH cpere (HUTPOMETaH, alleTOHHUTPUI), HO B
HENOJIAPHOM cpejie IIPOUCXOIUT HOPMAJIBHOE TIPUCOSAMHEHHE raioreHa
6e3 meperpynmnupoBKH.

CyMMHpys IPUBEICHHBIE NaHHBIE II0 CTEPEOXHMHH, CONPSHKEHHOMY
MIPHCOCAVHEHHIO, BAMAHMIO 3aMECTUTEINICH B aakeHe, BIUSHHUIO PacTBO-
PHTENs HAa CKOPOCTD PEaKIHH, 2 TAKOKE MEPErpyIIHPOBKAM B PEaKiHIX
[IPHCOEIMHEHHS TANOreHOB 110 JBOHHOH CBS3H, CIENYET OTMETHUTh, YTO
B OOJNBIIMHCTBE CIY4aeB OHH HAXONATCS B XOPOIIEM COOTBETCTBHUHU C
MEXaHH3MOM JMEKTPOMILHOIO MPHCOENMHEHHS] C YY9acTHEM IHKIIH-
YECKOTO TaTOr€HOHUEBOTO MOHA. TakuM ke 00pa3oM MOryT ObITh HH-
TepPIPETHPOBAHbI JaHHBIE MO MPUCOCIHHEHUIO K aJKeHaM CMelIaHHbIX
rajJloreHoB, I KOTOPBIX CTaZHMHOCTH MPUCOCTUHEHUS ONMpe/eseTcs
MONSAPHOCTBIO CBA3M JIBYX aTOMOB [anoreHa:

RCH=CH, +I"*CI% — RCH——CH; &, RCHCH,L.

Ig |
Cl

5.4.3.6. IPHCOEJUHEHUE TAJIOTEHOBOJIOPO/IOB
(TUJIPOTAJIOTEHUPOBAHMUE)

Hpyroit peaxiveil 371eKTpOGHIBHOIO NPHCOSIUHEHHS K alIKeHam
SIBIIAETCS IaBHO H3BECTHOE MMAPOrallOTeHHPOBAHNE AITKEHOB,
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Hipxe npuBeaensl THOHYHBIE TpuMeps! iprcoenundenus HCL HBr u
HI x pa3muyHbIM agKeHaM:

(CHy),C=CH, + HCl -2 . (CH,),CCl  (94%)

/ AN CH,COOH =/ AN
+HBr ===, 919
\——< N /CH, (91%)
CH, Br

CH,4(CH,),CH =CH, 4 KI + H,PO, ~CHiCOOH
— CH,CH,CH,CHCH, (93%)
!

I

Takue peakUyy JTHIIb Ha MEPBBIH B3MIAH KaKyTcs NpocThIMH. Ha
CaMOM Ji€lle OHHM HMEIOT CU€Hb CJIOXKHBIM MEXaHH3M, JETald KOTOPOTO
OCTAIOTCA HESICHBIMH IO CHX IOp. BIHsHUE alIKUNBHBIX 38MECTHTENEH ¥
JBOMHOH CBSI3M HA CKOPOCTH IPUCOCAUHEHHS OIIUCHIBACTCS CIEAYIOMIEH
HOCIEIOBATEIbHOCTRIO!

R,;C=CHR = R,C=CH; > RCH=CHR ~ RCH=CH,.

3JTo comacyercs ¢ TaKUM MEXAaHH3MOM, B KOTOPOM B OIpEAeIISromen
CKOpPOCTh CTaJNM pEeaKlMH NPOHCXONUT obOpa3oBaHHe KapOOKaTHOHA,
ITOCKOJIBKY CTaOHIIBHOCTh aJKHUIBLHBIX KaTHOHOB BO3PAacTaeT B DPANy:
TPETHYHBIN 3>>BTOPUUHBIN > TIepBUYHLIH (CM. I71. 9, pasz. 9.3). Taxum 06-
pPa30M, MEXaHHU3M NPHCOCIHHEHHS JOJDKEH BKIIOUATH IPOMEXYTOUHOE
obpa3zoBaHHe WIH CBOOOAHOTO KapOOKATHOHA, 4TO HabIionaercs OUeHb
PEIKO, WIM HHTEpMeauaTa ¢ kKapOOKaTHOHHBIM XapakrepoM. [locmeanuit
ciay4ai Haubolee pacupoCTpaHeH.

Ecnu Ob1 npucoequHeHHEe IPOMCXOIMIO Yepe3 «CBOOOMHBIH Kapbo-
KaTHOH», TO peakuusi Obla OBl COBEPILEHHO HEeCTePEOCEIIEKTHBHOM,
TaKk KaK a&JKWIbHBIE KATHOHBI HMEIOT IUIOCKoe cTpoeHue. OxHAKO
THAPOTAIOTCHHPOBAHHE, KAK MPABHIIO, MPOTEKAET CTEPEOCEIEKTUBHO,
IIpUYEM B 3aBUCHMOCTH OT THIIA aJKeHa MoxeT Habironarbes: 1) cenex-
THBHOC armu-IIpUCOCAUHCHUC, 2) CCIICKTHBHOE€ CuH- HJIM CMCIUAHHOC
CUH-aHMU-TIPUCOEAHHEHNE.

Jl7s1 ankeHoB, y KOTOPBIX ABOMHAS CBS3b HE COMPSKEHA C apOMaTH4Ie-
CKHM KOJIBIIOM, XapaKTePHO aHMuU-IIPUCOCTUHEHUE FATOTCHOBOIOPOA.
Anmu-npUCOEAUHEHHUE XJIOPUCTOIO H OPOMHCTOrO BOJOPOIa, XJIOPUCTO-
ro U OpOMHCTOro AelTepus HaOMIOmaeTcs i IHKIOreKceHa, LUKIIO-
TeHTeHa, |,2-THMEeTHIIHKIOreKCeHa, 1,2-TMMeTHIIHUKIIONEHTeHa, Yuc-
U mpanc-OyTeHa-2, TeKkceHa-3 U MHOTHX APYTHX NPOCTHIX AIKEHOBR U
HIUKIIOAJIKEHOB. AHmu-IPUCOSIUHEHUE HECOBMECTHMO ¢ MEXaHH3MOM,
B KOTOPOM Ipearonaraercsa o6pa3oBaHHe NUCKPETHOro KapOOKaTHOHA.
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Jlia mmockoro kapboxaTHoHa HykiIeo(HnbHas araka rajJoreHUA-HOHA
pPaBHOBEpOATHA ¢ OOEHX CTOPOH INIOCKOCTH, YTO AOIDKHO NPHBECTH
K 00pa3soBaHUIO CMECH IIPOAYKTIOB aumu- ¥ CuH-TIpucoeauHeHus. Ku-
HETHKAa THAPOrajOreHHpOBAaHMs aJIKEHOB TAIOKE yKa3blBaeT Ha Oonee
CIIOKHBIA MEXaHHU3M MpUcoe/HeHHus. [l HeCONpsDKEHHBIX AlIKCHOB
CKOPOCTh PEaKIMH, KaK NMPABUIIO, ONHCHIBAETCSH YPaBHEHHEM TPETHEro
[IOPS/IKa CO BTOPHIM IIOPSIKOM [0 IaJOr€HOBOJOPOAY, T. €. COOTBETCTBY-
eT Adg3-MexaHu3my:
v = k[anken][HX]*.
anmu-IlpucoenHeHUe ¥ BTOPOH MOPAAOK peaKlidH IO TaJIoreHBOAOPO-
Jly coracyercs ¢ MEXaHH3MOM, B KOTOPOM alkeH B3aHMMOJAEHCTBYET C
JIByMsl MOJIEKyZIaMH TaJIOT€HOBOAOPO/a, OJHA M3 KOTOPHIX BBIIONHAET
GYHKIHIO 3MEeKTPOGHIBHOTO, a APYTas — HyKI€O(HILHOIO areHTa:
H-CX (anexTpocpun)
Se=¢"+ 2x — $LEL D
7N AN 71N
H=X
(HyKneogpua)

IlpuemnemeiM oOBsICHEHHEM O0pa30BaHUA aHmMu-TIPOAYKTa B TPHU-
MOJIEKYNIApHOH peakuun Adp3 SBISeTCS TAaKXKe MNPEIOIOXKEHHE, 4TO
cHauana obpasyeTcs MOJIEKYIAPHEIH KoMiulekc ankena ¢ HHal, xotopsrit
3aTe€M aTaKyeTCs C GHMU-CTOPOHBI BTOPBIM I'aJIOTEHHI-HOHOM:

(2}
H
(,:1 \ S?/ \C Cl
H /'//c N A2 7 RS

JL'\
£
3

\\_ ,’ﬂ’\ ’
NS

-
Adfs\.ﬁ\ »

L—C
7
\Cl

OHTH-3ALYKT

Tako#t TPHMONEKYISPHBIA MEXaHH3M BKIIIO9aeT 0Opa3zoBaHHE KOM-
IUIEKCa aJIKeHa ¢ OJTHOM MOJIEKYIIOH rajoreHoRofopoaa ¢ Nnociueayomei
HYKJICO(HIBHOH aTakoi BTOpoil Monekynsl HX Ha 3TOT xoMruiekc Oe3
o0pa3zoBaHUsA TUCKPETHOTro Kapboxarnona. Cremyer ocob0 OTMETHTE,
91O TMI000H TPHMONEKYISPHBIH MEXaHU3M [OJDKEH COCTOATH U3 JIBYX
NOCNIeOBATENbHBIX CTaNN, [IOCKOIBKY OJIHOBPEMEHHOE CTOJIKHOBEHUE
TpexX MOJEKYJI XKpalHe MalOBEpOSTHO.

AHmu-NpUCOSAUHEHUE CBUIETEILCTBYET O IPEITOUTHTEIFHOM HYK-
71eoQUIbHON aTake raJloreHOBONOPOIa CO CTOPOHBI, IMPOTHBOIOIOXK-
HOW TOH, OTKylIa IPOUCXOAMT HPOTOHHpOBaHHE alikeHa. Bmecro ra-
JOTEHOBOAOpOAa (YHKUMIO HYKNCO(PHIBHOTO areHTa MOXXET BBIIOJ-
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HATb M TaIOTeHHI-WOH. J{eHCTBUTEIBHO, CKOPOCTh pEaKUMH OOBIYHO
BO3pACTAET NPIMO NMPONOPLMOHAIBHO KOHUEHTPAIHMHY TaJoTeHHU I-HOHa,
BBEJEHHOIO B BHJE TaJOrCHUIOB TETpaalKUIaMMOHHA NREPXe WITH
mutug. B aTtom cnydae Habmiomaercs crepeocneunpHyeckoe awmu-
TIPUCOENHEHME.

s ajKeHOB, Y KOTOPHIX ABOMHASA CBS3b CONPSDKEHA C apOMAaTH-
YECKUM KOJIBLOM, XQPaKTEPHO 'CuH-IIPUCOEAMHEHUE HJIH CMEIIaHHOoe
CUH-aHMU-TIPACOEIHHEHHE TAJIOTeHOBOAOPOIA:

B
H Br
(Y e, (00 and
ettt
O = O —— Ok
H H H
aueHaTUneH cun-ag AyKr

cun-llpyicoequenne sBIAETCS IOMHHHPYIOIIUM IIPOIECCOM JUIst
yuc- u mpauc-u3oMepoB |-¢penwmpornena, 1-peHnr-4-aaIKuaaKIoreK-
CeHOB, aueHadTwIeHa, HEAEHA. [[pH MPOTOHUPOBAHUM TAKUX aJIKEHOB
obpa3syrorcss KapOOKaTHOHB! OEH3UIBHOTO THIA, KOTOpEIE CTabuibHee
YUCTO AJKWIBHBIX KaTHOHOB, BO3HMKAIONIMX [PH IPOTOHUPOBAHHUU
OOBIYHEIX QJIKEHOB M LHKIIOANKEHOB (CM. II. 9). KHHETHKA peakuuy B
3TOM ciIy4ae OOBIHO OIHChIBaeTCs Dollee NPOCTHIM YPaBHEHHEM BTOPO-
ro nopanka: v = k[anken][HX], T. e. coorBeTcTByeT OMMONEKYIAPHOMY
Adg2-mexaHu3My, KOTOpbIi npeanosnaraetr o0pa3zoBaHHe MOHHOH MapEl,
BKJIFOYAOIE KapOOKaTHOH U TajIOreHH I-HOH:

x® X
<) |
ArCH =CHR + HX - ArCH—CH,—R — ArCH—CH,—R.

HOHHAsL napa

Hene3s oxuiath, 4T0 MEXaHH3M NPUCOEAHHEHUS C Y4aCTHEM HOH-
HBIX nap OyaeT OTIHYaThCs BBICOKOH CTEPEOCENIEKTUBHOCTBIO. Ecau
VOHHAs Iapa IpeBpallaeTcsi B KOHEYHBIH IpOAYKT OBICTpee, 4YeM
MPOMCXOAUT BpAIEHHE BOKPYI IPOCTOH yDIEPOI-YIIIEPONHON CBA3H,
KOHEYHbIM pEe3yIbTaToM Oyner cuu-TIpUCOECIHMHEHHE, [[e I[POTOH M
raJIOTeHUI-HOH NPUCOENUHAIOTCA C ONHOM M TOH >X€ CTOPOHBI ABOMHOMN
cBs3d. B mpoTuBHOM ciryuae HaOnrogaercss o0pa3oBaHUe NPOJYKTOB KakK
cun-, TaKk U anmu-npucoenuaenus HX. Taxkon ciayyvain peanusyercs Ipu
THAPOTajOreHUPOBaHMH 3aMelleHHbIX cTHponoB Z—CgHy—CH=CH,.
Habmronaemast 3aech 3aKOHOMEPHOCTE 3aKITIOYAaeTCs B TOM, UTO CUH-
[IPHUCOEIUHEHUE XapaKTepHO THIIL IJIA TeX OJIe(HHOB, KOTOPHIE IIPH
[IPOTOHHPOBAHHMHM JJAXOT OTHOCHTEILHO CTabUNbHBINA KapOOKaTHOH.

Jns peakuuil TMAPOTAJOTEHHUPOBAHHS, IPOTEKAOIIUX 10 Adg2-
MEXaHU3MY, XapaKTepHa KOHKYPEHILHS MPOIECCOB COMPSHKEHHOIO IIpU-
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COEMHEHM H IIEperpyNITUPOBOK, MOCKOJIBKY B Ka4eCTBE HHTepMeAHaTa
obpa3syercs KapOOKaTHOH WM HOHHAS Iapa:

CsHsCH=CH, + HCl £, o H.CHCH; +C¢HsCHCH;.
Cl O—COCH;
(86%) (14%)

B xauecTBe mpuMepa NePerpynIiupoBokK ¢ 1,2-Murpannei alkuIbHON
TPYOIBl U THAPUA-HOHA TPUBENEM DPEAKLHMH T'MIPOrajoreHUpOBaHMS
COOTBETCTBEHHO mpem-OyTHISTHIIEHA U U30NPOIHIATHIICHA:

CH3NO,
(CH3),C—CH=CH, - HCl » | CH3=C—CH—CH; | —————s
s C®
o
- (cnz)f—gn——cﬁ3 t (eHs) g —cH—cn
CHy Cl CHy
1l (830{0)
] AHOMasLHBIA NPOAYKT
* (CH3);C— CH—CHy NPUCOBLUHEHNS
(17%)
HOPMankHbIA MPOAYHT NPUCOBMHEHHS
@ 2]
(CH, zCM—'CH=C|‘$z -+ Hal > (CH;)!C—CN—CH, a—-—
9 o®
———| (CH3) C—CHCH, __.(cn,)zfi'——cmcu, +
;—»(CH,) CH—-CH CHy AHOMANLHLM NPORYKT
(40%) NPUCOBAMHEHNS

HOPMAALHBIM NPOAYKT NPUCORAMHEHMA

Jns peaxkuuii npucoeqHHEHHs IajIOT€HOBOJOPOLOB K HAMPSKECHHOM
JBOMHON CBA3M XapaKTE€PHBI CKEJIETHBIE NMEPEIPYIIIHPOBKU C YIaCTHEM
KapOOKaTHOHOB B KaueCTBE MHTEPMEANATOB. [[BHKYILEH CHIOM TaKOro
poJla IeperpynIHpoBOK ABIIETCS 00pa3oBaHue 6oJee CTabHIBHOTO HIIH
6nu3koro 1o crabuIBLHOCTH KapOoKaTHoOHA. B KauecTBe KIaCCHYECKOTO
IIPHMEpa CKEJIETHBIX TEPErPYNIUPOBOK MOXKHO [IPUBECTH IIPUCOEAUHE-
HHEe K HopOopHeHy (buiuiio-[2.2.1]-renteny-2):

Ay vam AT X34 Y

HopopHen (57%) (41%) (2%)
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IIprcoenunenue DCI x nHopOopHeHy naeT 9x30-HOPOOPHUIXJIOPHT; TIPH
9TOM OKOJIO IIOJOBHMHBI IPOAYKTa 00pa3yeTcsi B pe3yabrare CKEleTHOH
TeperpyNNUpOBKY HOPOOPHUIKATHOHA. sk30-ITos0XKeHue XJopa TakoKe
HaXOAHMTCSI B COOTBETCTBHH C HOHHBIM MEXaHH3MOM IIPHCOEIHUHEHHS.
IIpeobnananue HeneperpynmyupOBaHHOTO 5K30-HOPOOPHUIXIOPHIA yKa-
3bIBaET HAa TO, YTO OONLINAsl YaCTh HMOHHEBIX IAap JAeT KOBANCHTHEIN
MPOAYKT, Ipexae yeM oOpa3yeTcsl COBEpIIEHHO CUMMETPHYHAs HOHHAS
napa.

IleperpynnupoBkH, 4acTo HaOMonalomHecs NPH NPHCOEAMHEHHH
rajJoreHOBOJOPOMOB K AJIKEHaM H IIHKIIOAJKEHaM, CHIDKAIOT CHHTETHYE-
CKHE BO3MOXHOCTH H LIEHHOCTB 3TOH peakiuu. bonee ynoGHsIi ciocod
IIOJIy4EeHHs] BTOPMUHBIX K TPETHYHBIX aJIKWITAJOTeHUIOB 3aKII0YaeTCA
BO B3aMMOJIEHCTBHH CIIMPTOB C TaJOTEHOBOAOPOAOM, THOHUIIXJIOPUIOM
WY KoMIercoM TpudenuadocduHa ¢ raJoreHoM Wi YeTHIPEXXIIOPH-
CTBIM yIyiepofoM (cM. . 11).

5.4.3.s. OPHMEHTALIMA. ITIPABHJIO MAPKOBHUKOBA

B ornMune OT CUMMETPHYHBIX 3MEeKTPOGHIOB, IaJOTEHOBOAOPO/IB
MPEACTaBIIIOT cO00OH HECMMMETPHYHBIE 3NEKTPO(QUILHBIE PEeareHThI.
IIpucoenuuerue MO60r0 HeCHMMETpHYHOTO 3tekrpodmia (HBr, ICI,
H,0, Hg(OAc), M T. 1.) K HECHMMETPHUYHOMY aJKCHY, B IPHHIHMIIE,
MOrJIO OBl 1aTh CMECH AJIGTEPHATHBHEIX [IPOTYKTOB, OTHAKO Ha IIPAKTHKE
00bIYHO 00pa3syeTcs JIMIUG OJWH U3 HHX:

CHyCH,CH,Br
H#-nponuAaSpoMUA

CHyCH==CH, + HBr
\ CH3CHBrCHy
#30-nponunbpomug

Eme B 1870 r. B. B. MapkoBHHKOB c(pOpMyIHpOBan IMIIHPHYECKOE
[IPaBHJIO, COIIACHO KOTOPOMY HECHMMMETPHYHBIC AJIKEHBI MPHCOEIUHS-
ror HX Takum IyreM, 4TO NpPEHMYIIECTBEHHO O6pa3yercs IpONYKT,
B koropoM H npucoenuHsercs K HauMEHee 3aMELIEHHOMY, a X —K
Hanbonee 3aMeNeHHOMY KOHITYy JBOHHOM CBS3H.

O65I4HO npaBuIo MapKOBHHKOBa OOBACHSIOT Pa3iIMMHEM B CTa0UIB-
HOCTH JIBYX aJIbTepHATHBHBIX KapbokarHoHOB. Hanpumep, B IpHBeIeH-
HOM BBIIIE NMPHMEPE HOPMAJBLHBIH MPONHILHBIA KaTHOH 3HaYMTEIBHO
MeHee CTabHIIeH, YeM u30-TIPONMILHBIR KaTHOH M ITO3TOMY pPeakIMs
HJET II0 BTOPOMY IIyTH. B IeHCTBUTEIBHOCTH MBI, KOHEYHO, HOJDKHBI
paccMarpHBaTh OTHOCHUTENBHYIO CTaOM/IBHOCTH ANBTEPHATUBHBIX Ire-
PEXOHHBIX COCTOSHHI cTaauu 00pa3oBaHHS BOIMOXKHBIX ITPONYKTOB.
Onnako, conIacHo NOCTynary X3MMOH/IA, PACIIPeIe/IEHHE 3apaa B I1e-
PEXOIHOM COCTOSIHHU HE CHIIBHO OTJIHYAETCA OT paclipe/esIeHHs 3apsia
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B kapOOKaTHOHE U M03TOMY OObsCHEeHUE NpaBuiia MapKOBHHKOBA Yepe3
OTHOCHTEJIBHYIO CTa0MIBHOCTL KapOOKATHOHOB BIIOJIHE IPHEMIIEMO.

IIpaBuno MapkoBHHKOBA NMEPBOHAYAIBHO HCIONB30BAJIOCH TOJBKO
s cnydaeB npucoeaunenuss HX x ymieBomopoaHsIM cybcTparam,
HO B MPHUHIHIE €r0 MOXHO PACIPOCTPAHUTh U HA PEAKINU JPYTHX
3aMelneHHbIXx ankeHoB. Tak, npucoenunenne HCl x CFiCH=CH,
naeT «aumu-MapkoBHHKOBCKu#» mponykr CF;CH;CH,Cl. 3toro u
CIIeI0BANO OXHUAATh, nockonbky karnon CF3CH'CH; Menee crabuieH,
ueM katuoH CF3CH,CHj] u3-3a cunshoro (—/)-addexra CF3-rpymnmsr.
[peumymectBenno obpasyercs kxaruon CF3CH,CHJ, HO oH TOXE
JecTabumH3npoBaH MHAYKTUBHBIM 3¢ipextoM rpynmsl CF3, BcnencTue
yero npucoeanHerue HCI x TpudTopMeTWIIITHIECHY UAET 3HaYUTENBHO
Me/UIEHHEE, YeM NPUCOEAMHEHHE K He3aMEIEHHOMY 3THUJIEHY.

ITo aHamoOruMYHOM NMPHYMHE KaTHOHBI BUHUNTPHAIKWIAMMOHHUS IIPH-
coenuHsitoT HBr Taxoke mpoTHB npaBuiia MapKOBHUKOBA!

5] D
R3;N—CH=CH,; + HBr — R3sN—CH,—CH,Br.

Xnopucreit BuHHI CH;=CH—Cl Bcerma paer HUCKIIOUHTENb-
HO «MapKOBHHKOBCKHE aJIyKTbl», Hampumep, Ipd peakuuun ¢ HCI
obpazyeTcss TOJNBKO TEeMHHANBHEIN 1,l-muxsiopataH (2em-DHXIIOPHI)
CH3CHCl,. Xmop amamorwuno CFi-rpynme umeer cunbHblt (—7)-
a¢ddext, 1 Ha NEPBBIH B3N KaKETCH, YTO IO ITOH NPHYHHE MpH-
COeMHEHNE NOKHO HMETh aHTHUMAapKOBHHKOBCKYIO OPHUEHTAIMIO, TaK
kak katnoH TCH,CH,Cl nomxen 6biTh 60s1€€ cTAOMIBHBIM, YEM KaTHOH
CH;CH'CI. Onnaxo B ommure ot CF3 xs1op 06nasaet npoTUBOAEHCTBY -
FOLHM MHIYKTUBHOMY 3ddekty (+M)-a¢ddekroM (Tak Kak HMeeT Helo-
JeneHHble Napbl). ONBIT MOKa3bIBAET, YTO BEJIHYHMHA ME30OMEPHOTO 3¢)-
¢exTa BIIOITHE AOCTATOYHA, YTOOB! HOHUIHTD FHEPIUIO | -XJIOPITHIILHOIO
KaTHOHA HIDKE YPOBHS DHEPIUH 2-XJIOP3THJIBHOIO KaTMOHA, B KOTOPOM
(+M)->ddexT He posiBIgETCS:

%H.‘,—CHZ—*CI“
2-XJI0P3TUALHBIK KBTHOH

(menee cTabunen)
CHz=CH—CL + HCl (+M}-3ppexT

S
CHy—CH—CL
4-X210p3TUIbHBIN KETUOH
(6onee crabunen)

Tem He MeHee NPUCOCNMHEHHE K XJIOPHCTOMY BHMHHIY IPOHCXOAUT
MEIUICHHEEe, 4eM K ITWIEHY B TeX XK€ YCIOBHUSAX, T. €. IO CyMMapHOMY
s>pdexTy XJNop ocTaercs 3IEKTPOHOAKIETNTOPHLIM 3aMECTHTENEM II0
CPaBHEHMIO C BOAOPOIOM, 2 |-XJIOPITHIBHBIA KaTHOH MeHee cTabu-
neH, yeM C;H;. Takoe NOBefeHHE XJIOPHCTOrO BHHMWIA COBEPUIEHHO
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aHAJIOTMYHO NOBEAECHHIO XIOpPOEH307Ta B PEAKIMAX JIEKTPOPHILHOTO
3amenieHus (cM. T 13).

IIpucoenunenue HX x anxkeHaMm, HMEIOIHM CHIBHbIE (—M)-
3aMECTHTENIH, HanpuMep K akpuwioHutpuily CH,=CH—C=N, nomxHo
UATH NPOTHB ITpaBuia MapkoBHHKOBA. OAHAKO B 3TOM CITydae JIBOiHas
CBsI3b HACTOJIBKO CHJIBHO AE3aKTHBUPOBAHA MO OTHOIIEHHIO K IEKTPO-
(GOUNBHBEIM peareHTaM, YTO 3TH peakUUH HAYT JUUIb B OYEHb KECTKUX
YCIOBHSIX.

B cneayromem paspene Mpl JafuM JIbTEPHATHBHOE OOBICHEHHE
npasuia MapKOBHHKOBA C IIO3HLIHH TEOPHUH MOJIEKYJISIPDHBIX OpOUTaieH,
a B 3aKJIOUEHHUE 3TOTO0 pasfesa OTMETUM, YTO 3TO NPABHIO IPHMEHHMO
U K peakiiusaM, IPOTEKAIOIIUM 4Yepe3 MOCTHUKOBBIE TaJOTCHOHHEBHIE
nonsl. Hanipumep, npu 6pOMHPOBaHUH IIPONIIIIEHA B YKCYCHOM KHCIIOTE
B KadecTBe NOOOYHOro npoaykra obpazyercs 1-O0poM-2-mpoNuUianeTar,
a HE W30MEpHBIt 2-OpoM- 1 -Tiporunarerar:

CH,CH=CH, Hio[’ CH;—CH—CH,Br + CH;CHBrCH,Br.
C

[MaBHBIH NPOAYKT

OAc

B ngaHHOM ciydae NEpeXonHOE COCTOSHHE CTaauH OOpa3oBaHHs
KOHEYHOIO MPONYKTa MMEET YETKO BBIPAKEHHBIH KapOOKAaTHOHHBIH Xa-
pakrep u o3ToMy o0pa3yercs BTOPHHHBIH, 2 He IePBUYHBIH arerar:

e |7 Br *
dv RN AN
CHz ,CH—CHZ CH;—CH—C[“IZ
/' _ “\5_
Ac DAc
Gonee crabunbhoe Menee cTabuasHoe

nepexoaHoe COCTORHUE nepexoaHoe coCTosRHME

5.4.3.r. ITIPABUJIO MAPKOBHHWKOBA U MOJEKYJISIPHBIE OPBHTAJIN

B mpenpinynieM paspgene uHTepHpeTalus npaBuna MapkOBHHKOBA
CTPOMJIaCh HA OCHOBE CPaBHEHHWS OTHOCHUTENbHOH cTabHIbHOCTH Kap-
OOKAaTHOHHBIX HHTEPMEIUATOB, OOpa3yroIIMXCs [IPU PeaKIMi aJKeHOB
¢ OpOTOHOM. [Ipyroii myTh K MOHMMAaHHI IPABHI OPHEHTALUH IIPHCO-
enMHEeHUs TI0 IBOHHOM CBA3U COCTOHT B HCITONB30BAHMM Ka4eCTBEHHOIO
METO/1a MOJICKYJISIPHEIX opbuTaneit. OpHeHTaAHIO 110 NpaBHiy MapKoB-
HHKOB2 YU IPOTHB JTOr0 IPABHJIA BO MHOIHX CIIy4asiX MOXHO JICTKO
[peJCcKa3arh NPH PacCMOTPEHHU MOJEKYIISPHBEIX OopOUTalell HCXOMHBIX
AJIKEHOB.

PaccMOTpHUM MOJIEKYIIBI 3THIEHA C T-HOHOPHBIM (+M)-3amectute-

JIEM X U 7-aKUenTOpHBIM (—M )-3amecTuTeseM z. K yucny 3amecrurenci
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THIIA X OTHOCSTCA Takue rpynnsl, kak RoN, RO, Hal, n Muorue apyrwne,
a K 4YHCcay 3aMmecrdrelieii Tuna z —rpynnsl COR, COOR, NO,, CN
U T. 1. [Tockonbky MeaneHHOH cTaanel npucoeanHedus HX k anxeHam
SBASETCS aTaKa 7-CBSA3W NPOTOHOM, KJIIOUEBBIM B3aUMOICHCTBHEM B
3TON peaKknuu OymeT B3aumMoAeHCTBHE NMyCToH ls-opOuTanmu mpoToHa ¢
m-B3MO 3amenieHHoro ankeHa. OpHeHTalHs TaKoro B3auMOJEHCTBUA
onpenensercs aByms dGaxropamu (cM. 1. 2, pasa. 2.3): 1) xoadpdunuen-
TaMH, C KOTOPBIMH JiBa aroMa yriepona cBsizn C=C Bxoxst B w-B3MO
samemennoro stuieHa x—CH=CH, umu z—CH=CH;, 2) BenuuuHOH
OTPHIIATEJILHOTO 3aps/a Ha ITHX sp>-THOPUAHBIX aToMax yrepona. O6a
(hakTopa OJMHAKOBO BAYKHEI.

Bbe3 momMouin DBM Mbl He MOXeM 11 KaKJOTO KOHKPETHOIO 3aMe-
CTUTENS X WIH Z TOYHO ONMPEAEIUTE KOAPIUIIMEHTH], C KOTOPBIMHU p-AO
atroMoB yriaepoaa cssazu C=C Bxoxst B m-B3MO cuctemsl x—CH=CH,
unu z—CH=CH;. IlosTOoMy 7 Hayana yIpOCTUM CHTYAIHIO, IpeaIo-

noxwus, uto x=CH; , a z=CH§. Torna:
x—CH=CH, annpokcuMHpyeTcs aJUIMIbHBIM aHHOHOM
CH,—CH=CH,,
z—CH=CH; annpoxcuMupyercs aniIbHbIM KaTHOHOM

+
CH,—CH=CH;.

MonexynsapHele m-0pOHTaIH aUIMIBHOW CHCTEMBI M TOYHBIE 3HAYE-
HUA KOO GUIMEHTOB BEIBOIATCS OUYCHB Jerko 0e3 momMomu DBM (cM.
r1. 2, pa3a. 2.4). Oy UMEIOT CIEAYIOMMH BHI:

1 1
a } ]
7-B3MO anmona "CHZ-CH=CH,
1_1
1 | {'i ]
%0 | 5]
7-BIMO KaTHona 'CHyCH=CH,
|
|
|
cH-ci=c?
(+ wam -)

YenoBHO OyaeM cUMTaTh IEeBBIM aToM ymIeposa aJUIMIbHONR CHCTEMBI
«3aMEecTHTeaeM» THITa x (AJ1 aHHOHA) WIM THIA z (ANA KaTHOHA),
a cpeaHMi W npaBblil aroMbl C — «IBOHHOH CBS3BIO» 3aMENIEHHOrO
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ankeHa. M3 mpuBefeHHOH AuarpaMMbl JIETKO BUIETh, YTO «ABOHHAS
CBA3b» AJUTMJIBHOTO aHMOHAa Oy/ieT aTakoBaThCsd NPOTOHOM [0 aTOMy
yIepona, Haubojee ynaneHHOMY OT «IOHOPHOTo 3amecTHTesss» CHY,
MOCKOJIBKY Ha cpefHeM arome ymiepoda IioTHocth B3MO paBHa
Hymo. OpOHTaNLHBIH KOHTPOJB, CENOBATENHHO, HANIPABNISET NMPOTOH
1 n0b0i1 ApYTOH 371eKTpodHI K He3aMEIEHHOMY aTOMY yIllepona, 4To
COOTBETCTBYET IIPaBUIY MapKOBHHKOBA.

T-DNEKTPOHHBIE 3apAanl Ha aroMax ymeporga C(2) n C(3) ammwib-
HOIO aHHOHA TAaKXXe CHOCOOCTBYIOT OPMEHTAIMM 10 MapKOBHHMKOBY.
OHU BBIYUCHSAIOTCS IIYTEM CYMMHPOBaHMSI KBaJapaToB ko3dduuueHToB
Ha JJAHHOM aTOME II0 BCEM (B ITOM ciydae AByM) 3aHATEIM 7-MO:

m-3apsin Ha C(2): (1/V2)2+0= %,

m-sapan a C3): (1/2°+(~1/V27?=3.

CrnenoBaTenbHO, 4 OPOUTAIBHBIH U 3apsI0BEIH KOHTPONE B 9TOM Cliydae
CIocoOCTBYIOT OpHEHTAIUU 110 MapKOBHUKOBY.

B cnyuae ammibHOrO Katuona w-B3MO Oyner camoil HDKHeEH u3
MpHBEAEHHBIX Ha CXeMe ajUIMIBHBIX 7-opburanei. Jlerko ybenurses,
YTO B 3TOM CIydae OpPHEHTAlHs IIPHCOENUHEHHs MPOTOHA OyNeT aHTH-
MapKOBHHKOBCKa.

Teneps nepeiieM OT ajUIMNIBHON CHUCTEMBI K pealbHBIM O0OBEKTaM
HAIllETO H3YYEHUS, T. €. K 3aMeUIeHHbIM FTiiieHaM Tuna x—CH=CH; u
z—CH=CH;. KBaHTOBO-XUMHUECKHE pacyeThl IOKa3bIBAIOT, YTO (opMa
3aHATHIX T-2JUIHIBHBIX MOJEKYIAPHBIX OpOHTAICH IpH 3TOM MEHSETCS
cnenyomuM obpazom:

B3Mo B3MO

83M0

X-cnabbin JEAOHOP X~ CNIbHLIA JT-A0HOp  2- JT-aKuentop

W3 npuBefEeHHBIX OHAarpaMM BHIHO, YTO TOIIOJOTHYECKHU (T.€. IO
YHCILY Y3JI0B U CHMMETPHH) 7-OpOUTaIH 3aMeIUCHHBIX 3THIEHOR OCTa-
I0TCS MONOOHBIMU 7-0pOHTAMAMH aiwmiiaa. OTIMYHE COCTOHT JIHIUL B
rkoa¢pdunuenTtax. Hanpumep, mwiorHocts B3MO Ha LeHTpalIbHOM aToMe
yINepola B aJNIWILHOM aHHOHE OblNa paBHA HYIIO, @ B 3aMEIECHHBIX
stusieHax x—CH=CH, Ha BHyTpeHHEM aTOMe€ yIiepojaa IeKTPOHHAas
HJIOTHOCTH MMeeTcs. OnHako MakcuManbHBIA ko3dduuument 8 B3SMO
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x—CH=CH, umeer aTtoM yrieposia, yIaJICHHBIH OT 3aMECTUTENEH, T. €.
OpHEHTAIHS JO/KHA ObITh MAPKOBHHKOBCKOM. [IpH yMeHBIIEHHM CHITBI
m-joHOpa X (T. €. NpH yMeHbIieHuH ero (+M)-s3ddekra) xosgdpunuent
Ha BHYTPCHHEM aTOMe yIiepoja 3HaYUTeIsHO BO3pacTaeT. JTO 3Ha-
YT, YTO CEJEKTHBHOCTH OPHEHTALINH, T. €. BBIXONI «MapKOBHUKOBCKOTO
nu3oMepa», CHWXaeTcs IpU Iepexoje OT CHIbHBIX (+M) K cnabbiM
(+M)-3amecturensm.

®opma B3MO zamemennsix stuiieHoB z—CH=CH; Toxe oueHb
noxoxka Ha B3MO ammuneaOoro karuona. HauGonbmmas snekTpoHHas
IUIOTHOCTH COCPEAOTOUEHA Ha BHYTPEHHEM aTOME YIIIepoa, 1 [I03TOMY
OIDKHA HAOMIOAAaThCs OpUEHTAIUsS IPOTHB NpaBuia MapKOBHHKOBA.

OTMeTuM, 4TO pacCMOTpeHHe OpHeHTanuy npucoenuHenus HX x
HECHMMETPHYHBIM aJKeHaM C TO3HIHI MeTosa MO MpMBOAMT K BBIBO-
JIaM, aHAJIOTHYHBIM CIIEJIaHHBIM B IIPEJLIIYILIEM pa3ferie Ha OCHOBAaHHUH
aHa/M3a OTHOCUTENBHOM cTabMIbHOCTH KapOOKaTHOHHBIX HHTEPMEHa-
TOB.

5.4.3.1. TUIPATALIUS AJIKEHOB

KucnotHOKatanusupyemas IMIpaTaius alKeHOB [PHBOAMUT K obpa-
30BaHHIO CIHMPTOB. HanpaBieHWe THAPATAlMH alKeHOB ONpeNeNnsercs
IpaBuIOM MapKOBHHKOBA, MMO3TOMY IPENIIOIAraetTcs, YTo B KauecTBe
IIPOMEXKYTOYHOMN YacCTHIEI B 3TOH peaknuu obpasyercst KapOOKATHOH:

HOH

RCH=CH, +H;0® [RCHCH 1——

MCIUICH]

R - ?H CH; +H®.

OH

R,C=CH, + H30®

MEUICHHO

D
[R,C—CH;] —2, R,C—CH; +H®.
6nicTpO !
OH
CKIIOHHOCTb BTOPHYHBIX AIKWIBHBIX KapOOKaTHOHOB K IEperpyrnH-

POBKaM MeEHIa€T UCIICIIB30BAHHIO rUApaTaliii aJKCHOB I NIOJIYUYCHUSA
BTOPHYHBIX CITUPTORB:

HCOOH, HCIO4
—_———y
85—100°C, 3 yaca

— CH3CH,CH, CH,CHCH; +CH3 CH,CH,CHCH,CHj;.

CH;CH,CH,CH,—CH=CH,; + H,O

OH OH
(66%) (34%)
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DTOT METOA B 1a60PaTOPHH Hallell OrpaHMYEeHHYIO O0JIacTh IIPHMEHE-
HUS TONBKO I MOIXYyYeHMs TPETUYHBIX CIIHPTOB:

65%-nas HoSO4
—_—_—

(CH3),C=CH; +H;0 (CH3);C—OH
10—20°C (45%)
60%-Has H,50, - CHy
D'CH3 M 0-10°¢ - D<OH
(40%)

I'maparanus npocTedIMX aaKeHOB — 3THIEHA W MPOIMUJIeHA IPEACTaB-
aseT coDOW BaXKHBIA NPOMBINUIEHHBIH METOA MONYYEHHS STHIOBOIO U
H30MPONHUIIOBOTO CIUPTOB (TI1. 28):

H; PO4/SiOz
—_

CH; :CHZ +HOH CH3CH20H;

300°C, 70 atm (95%)
H;PO,4/Si0s
—_—
250°C, 40 atm

CH;CH=CH,; + HOH CH;CHCHas.

OH
95%)

B nabopatopHo#i 1IpakTHKe npsMas THApATallHs alKeHOB HE Haillla
ILIMPOKOTO NPHUMEHEHHUA KaK BCIEICTBUE XECTKUX YCIOBHIi, Tak u Ona-
roaapst 00pa30BaHUIO 3HAYUTEBHOIO KOJHYECTBA H30MEPHBIX CITIUPTOB.
B HacTosimiee BpeMs I PErHOCENEKTHBHOIO IONYYEHHs CHHPTOB M3
QJIKEHOB OOBIYHO HCIIONB3YETCS POACTBEHHAS PEaKLHA OKCHMEPKYPHPO-
BaHHS — IEMEPKYPHPOBaHHAL.

5.4.3.e. OKCUMEPKYPHUPOBAHHE — JEMEPKYPHPOBAHUE

OnexTpodUIbHAS aTaKa Ha JIBORHYIO CBSA3b aJIKEHA MOXKET OCYIIECTB-
ASTHCH HOHAMM METAJIIOB, CPEH KOTOPHIX 0c000€e NMON0XKEeHHE 3aHHMAET
karion prytd (II). Arerar pryT B O4eHb MArKHX yciaoBusax npu 20°C
TIPHCOEAUHAETCA K aIKeHaM B BoAHOM Terparuapodypane (TI'D) i B
BOJHOM YKCYCHOH KHCIIOTe ¢ 00pa30BaHUEM PTYTHOPTaHHIECKHX COeTH-
uenuit. [IpucoenuHenre anerara pTyTH MO JBOMHOK CBS3M IPOTEKAET
PETMOCENIEKTUBHO WJIM PETHOCHENH(PHYHO B CTPOTOM COOTBETCTBHH €
nipaBWiIOM MapKOBHHKOBA, T.€. KAaTHOH IPUCOEOUHSETCS K HAUMEHEe
3aMeNIeHHOMY aToMy yIepona:

Treo—-H,O
—_—

RCH=CH, + Hg(OAc), — —

R—(IZH—CHZ—HgOAC.
OH
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AJkeHrpl-1 6onee peakMOHHOCIOCOOHEI 110 OTHOWIEHHIO K aleTary
PTYTH HO CPaBHEHMIO C aJIKEHaMH, B KOTOPbIX [BOIHAsA CBS3b HAXO-
nuTes BHYTpH yriepoaHoH uend. Cssa3p C—Hg B pTyThOpraHHYECKHX
COEIHHEHMIX MOXET OBITh JIETKO pacliervieHa moj AciicTerueM 6oprua-
puna uarpus NaBH, c obpasoBanuem prytd um HoBoH cBssu C—H.
[pennosnaraercs, Y70 B KauecTBe HECTaOMIBLHOTO HHTEPMEAHATa IPH
3TOM MOJIYYAEeTCs ATKUIMEPKYPrHAPHA, KOTOPBIH Aajlee pas3jiaraercs ¢
BbIIeJICHHEM METAUIHYECKOH PTYTH IO PAAHKATBHOMY MEXAHH3MY:!

R—CH—CH;HgOAc +NaBH; — [R(IZH—CHzHgH] —

oH OH
— R—CH~CH;+Hg.

OH

CyMMapHO IBYXCTaAHHHBIH TPOIIECC OKCUMEPKYPHPOBAaHUS — JEMEPKY-
PHpPOBaHHs B KOHEYHOM HTOTe IpeAcTaBisieT coboi pernocnenupUIHyo
THIOPATALMIO AJIKeHa 1O NIpaBHiy MapKOBHHUKOBAa B MCKIIOUHTEIBHO
MATKHX YCIOBHSX, KOTIa oOpa3oBaHHe NOOOUYHBIX MPONYKTOB CBEICHO
K HPEAENbHO BO3MOXHOMY MHHHMYMY. OTO MOXHO HAIJIAHO IIPOMII-
JIOCTPHPOBATH C TIOMOIUBIO CIEAYIOMMX IPHMEPOB, B KOTOPBIX OOIHH
abCOMIOTHBIH BBIXOJl IPOXYKTOB peakiuu coctasmseT 90-98% u roe
[IPUBEIEHHBIE BBIXOBI YKa3bIBAIOT TOJIBKO Ha COOTHOUICHHE IIPOXYKTOB!

1)Hg(OAc); TT®—H10;20°C
2)NaBH,4; H:0

CH3 (CH2)3 CH:'CHz
—» CH3(CHa); —(I:H—CH3 +CH;(CH3); CH,CH,OH.

OH
(99,5%) (0,5%)

MoOCTHKOBBII MEPKYPHHHEBBIH HOH MOXKHO 3a(hMKCHPOBATH B HEHYKIIEO-
(UNIbHOH cHABHOKHCIHON cpeae naxe npu 20°C mpH OpucOeTUHEHHH
fonee CHIBHOTO MMEKTPOGHIBLHOIO areHTa— TpudTopaneTara pTyTH B
cMecH GropcynbPOHOBOH KUCHOTH K MATH(TOPUCTOIN CYPHMBI:

CHs H

N FSO,H-SbF,  H CHy
==+ Hglocock,), 2 = Sen—cn!
H CHy cH v @/e H
HgOCOCE,

MepkypHHUEBbIT KaTHOH MOXET PAacIIEIUIAThCS IPU ASHCTBUYU HE TOMb-
KO BOZIbI, HO M JPYT¥MX 3JIEKTPOHOZOHOPHBIX PACTBOPHTENIEH: CIIUPTOB,
YKCYCHOH KHCJOTHI, alleTOHUTpIIa ¥ Jip. KOHEeYHBIM MPOAYKTOM peax-
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MH B 3TOM Clyd4ae OynyT COOTBETCTBEHHO NpOCTHIE 3UPHI, ALETATHI
Wi N-3aMelleHHble aMuJIbl YKCYCHOM KUCIIOTEL, HAIIPHMED:

D Hg(OAc); TT®—~CH30H;20°C
CH;(CH,); CH=CH, 2180 O,
2)NaBH,4; CH;0H

- CH3 (CH2)3 CH-— CH3 (90%);

OCH;

1)Hg(NO3)2; CH3CN
2)NaBH,; H,0

CH3 (CH2 )3 CH= CH2
— CH3(CH,);CH—CH;  (92%).
NH-COCH,;

OH
1)Hg(OAc):; TT®—H-»0; 20°C

CeHs—C=CH, C¢HsC—CH (100%).
: 2)NaBHy; H20 l
(CH3);C—CH=CH 1)Hg(OAc); TT®—H,0;20°C
i ? 2)NaBHs; H20

— (CH;3);C— (I:H“CH:; +(CHj3);CCH,CH,OH.

OH
(97%)

1)Hg(CAc),; Tr-H,0 OH
2)NaBH,; H0

Kak BHAHO M3 NPHBEAEHHBIX BHILIE MPUMEPOB, OKCHMEPKYpPHUpPOBa-
HHE — IEMEPKYPHpOBaHHe alKeHOB B OONBIMIMHCTBE ciydaeB obecre-
YMBAET PErHOCHENH(PUUECKYIO MMAPATAUI0 AIKEHOB ¢ 00pa3oBaHHEM
[IPAKTHYECKH TOJIBKO OJHOTO U3 [BYX H3OMEPHBIX cHHpPTOB. Clemyer
OTMETUTH, YTO HET HHKaKOH HeoOXOMMMOCTH B BBIACIEHHHM PTYThOD-
raHHYecKoro COEAMHEeHHd W oba mponecca MOryT OBITH IIPOBENEHBI
HENOCPEACTBEHHO OIMH 32 JAPYTHM.

OKCHMEPKYpPHPOBaHHE allKeHOB, [10-BHIHMOMY, HaUHHAETCS C aTak{
katnoHa AcOHg" u 00pa3zoBaHus B Ka4eCTBE MHTEPMENMATA LUKIIH-
YECKOTO MEPKYPHHMEBOI'O KaTHOHa (aHajora raJIOTeéHOHMEBOIO HOHa),
KOTOpBIH 3aTeM pacKpbiBaeTcs B pe3ylbTaTe HYKIEO(HNbHOH aTaku
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BOJIOH O Haubosee 3aMENIEHHOMY aToMy yrinepona C-2:

2,
RCH=CH, + HgOAc—» RCH—CH, - 22,
\\%%c’;

=

|
OAc

MepKY PHHHEeBHIK
HOH

OH
| D
—»RCH—CH,HgOAc +H.

s nonyuenust mpocthix 3¢upoB Gonee 3QheKTHBHEI IT0 CPaBHEHHIO
¢ areraroM pryTu Tpubropanerar prytd Hg(OCOCF;), wmu tpudmiar
pryt Hg(OSO,CF3)):

OH
/ N\, 1) Hg(OCOCF); CH—CH—CH, _ / T \_O—CH—CH ,
N 2) NaBH, T N— |
CH,
(98%)

[pucoenuHeHue coieit pPTYTH K ajKeHaM IMpencTaBifeT coOoit
HauboNee SIPKHH TpUMEp PEAKUHH COIPSDKEHHOTO NPUCOSAMHEHUS K
JBOMHOM CBA3H, T/Ie POJb BHEUIHETO HYKIeO(QUILHOTO areHTa BHINOJI-
HSET pacTBOpHTEeNb. 10 3TOM NpUYHHE NPOLECC YacTO HA3BIBAKOT pe-
aKuueit conveamomeprypuposanus (coasbgomepxypuposanus). Ctepeo-
XMMHS ABOMHOTO Mpolecca OKCHMEPKYPHPOBaHUSI—IEMEPKYPUPOBAHHSI
3aBHCHUT OT CTEPEOXUMHUECKOTO PE3yIIbTaTa KAKAON OTACIbHON CTa/IHH.
Jis OKCHMEpKYpHpPOBaHHUS KakK M Ui JIPYTUX PEeaKkiud ¢ ydacTHeM
HUKIMYECKOI0 KaTHOHA, XapaKTepHO aHTH-NpucoequHenue. OnHaxo
paZuKanspHOE JEMEPKYPHPOBAHHE HE OTIM4aercsi BBHICOKOW crepeoce-
JEKTUBHOCTBIO, IO3TOMY BECH IIPOLIECC B LIETIOM TO € HECTEPEOCIElH-
¢dbHueH.

54.3.x. [IPUCOENUHEHHE CYJIbGEHTAJIOTEHUAOB

B3anMonelicTBHe KOBAJICHTHBIX CY/Ib(EHIajJoTeHHI0B (CTapoe Ha-
3Banue — cynbhenmirasoredunsl) RSCl u RSBr ¢ ankenamu qmurens-
HOE BpeMS CUMTAIOCE OJHOM U3 CAMEBIX MPOCTHIX Adg~peaKiui alKeHOB.
IIpucoenunenue cynb(eHragoreHUAOB JaeT J-raloreHTHOMDHUPEI C BbI-
XoAaMmu, OIM3KUMY K KoJWdecTBeHHoMY. lIpm sTom He Habmromaercs
obpa3oBaHye MPOAYKTOB CONPSHKEHHOTO IPHCOEOUHEHHs PacTBOpUTE-
N8, [axke YKCYCHOH KHCIOTHI HJIM AleTOHHTPHIA, H HE OCYIIECTBIIA-
IOTCSI CKEIETHBIC IeperpymnupoBKH. CTEepeoXUMHS PEakLUMH IIPUCO-

407



enunenuss RSCl u RSBr npaktnuecku Bcerga COOTBETCTBYET AHTH-
IIPHCOEAMHEHNIO Ipynn RS- ¢ rajorena, a ee perdoceleKTHBHOCTD —
IPEUMYIIECTBCHHOMY AHTHMMAPKOBHUKOBCKOMY HPHCOCAMHCHUIO IS
TepMHHAIBLHBIX AJIKEHOB ( 1-aJKeHOB);

R!CH=CH, +R?SCl — R'CH—-CH,CL.
SR?
Hanpuwmep:

CH;CH—CH,—CH=CH, + n-NO,CgH,SC1 5,

CH;
— CH3CHCH2CH—CH2C1 + CH3CHCH2CHCH2 SC6H4N02-N.

CH; SCeHNO,-n  CH; Cl
(63%) (37%)

JU1st 3aMEIeHHBIX CTHPOIIOB, OJTHAKO, IPUCOEIHHEHHE CYIb(deHrano-
TEHHMJIOB IIPOTEKAET B MOJIHOM COOTBETCTBMH C IPaBHIOM MapKoBHHKO-
Ba. [Ing aTOM peakuuu Oe3 cepbe3HOM apryMeHTalnHH ObUI OPEAIOKEH
MEXaHU3M C YIaCTHEM MOCTHKOBOTO JMHUCYTH(OHHEBOTO HOHA:

Cl
AN
\C=C/ +RSCl »\c—c/ I c—clz/
/ N /S N\+/\__ 1\
S Cl SR
k

anncyAbboHHeBHA HOH

C Touku 3peHus oOmEH METONOJOTHH H3y4UeHHS Adg-Ipoleccos,
Takde OCOOEHHOCTH, KAaK OTCYTCTBHE COIPSDIKEHHOrO [IPUCOERUHE-
HHSI pacTBOPUTENS M CKEICTHBHIX IEperpyniupoBOK, a TaKXKe aHTH-
MapKOBHUKOBCKAsl OpPUEHTAINS, NOJDKHE! Obu OBl CKOpee paccMaTpH-
BaThCsl KaK Cepbe3HbIE apryMEHTH MPOTHB 00pa3zoBaHUS MOCTHKOBOTO
KaTHOHA. JTH MpPEACTaBICHHS O MEXaHHU3ME INPUCOCAMHEHHS Cyib-
(deHraJIoreHHI0B K alxKeHaMm OBUTH I[IOABEPTHYTHI KpUTHKE B padorax
H.C. 3edupora u B. A. Cmuta. OnM 1moKa3ainu, 9TO IIPH NPUCOERHHE-
HUU K JABOHHOW CBSI3W HOHHO NMOCTPOEHHOIO pearcHTa RS&BBFE3 HIIA
RSEBSbFﬁe JNEHCTBUTENLHO 00pa3yeTcss HCTUHHBIH SIUCYIb(GOHHEBEIH
HOH, KOTOPBIA IJIAZIKO PAcKPBIBAECTCS NPH ACHCTBHH CaMbIX Pa3sHO00-
PAa3HBIX HYKJIEO(QUIbHBIX areHTOB, TAKHX KaK yKCYCHasi KWCI0Ta, BOJa,
CIIUPTHI, THOMBI, ALETOHUTPHI U Ap. PacKkpsiTHE 3MHCYIb(OHHEBOTO
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HOHA IIPOUCXOMUT B CTPOI'OM COOTBETCTBHH € IPABUIOM MapKOBHUKOBA,
T. €. HyKIeounsHblii areHT Nu: arakyer Oosee 3aMEIIEHHBIH aToM
yrepona:

RQC=CH,+R”%9—> RC——CH, %5 R,C—CH,SR3,
o/ |
S—R? Nu
Ipucoenunenue RSCl k mpem-OyTHIITUICHY XapaKTepH3YyeTCs
[IOJIHBIM OTCYTCTBUEM CKEJETHBIX HEPEerpynIHpOBOK, €IHHCTBEHHBIM
npoaykroMm peakuun ssiasgercsa (CH;); CCH(SRYCH,CIl. B nportusono-
JIOXHOCTb 3TOMY ITpy nipucoenunedud RSPBF ? K mpem-0yTHIITHIICHY
HPOUCXOIUT 1,2-cBUT METHJIBHON IpYyNNbI, XapaKTepHBIA O14 pe-
aKIHU 2NEKTPOQPUIBLHOTO IIPHCOESANMHEHUS NPYIHX PeareHTOB — XJI0pa,
rajoreqoBogoponos, Boasl. Ilpucoenunenne RSCl u RSBr x yuc- u
mpanc-n3oMepaM OyTeHa-2, rekceHa-3 U IPYTHX aJKEHOB HPOHCXOMUT
cTepeocneHHIHO B IMHPOKOM HHTEpBane TeMmmeparyp or —40 1o
+150°C, Torna xak npu npucoeuHeHnH kationa RS® yxe npu +20°C
TIPOUCXOIUT CTEPEOKOHBEPCHUS H OOpa3yeTcs cMechk mpeo- U 3pumpo-
[IPOAYKTOB NPHCOENHHEHH:

CH3 CHy - ?1
-4 C
c==¢ + Apseu o0, CH3CH—CHCH;
/ N\ CH3CO0H |
H H SAr
QN TU-NPACOERUHEHMR Tpeo-
HsC CH: o CH; Pt
5 gr;sc /c-—-—c Arac
/\T 7’\ -30 +20 ) < 7<
W sZarH H SHORT NRA YarChy
Nu: lNu. l us
CHyCH—CH-CH, CHy CH=CH—CH + CH3CH-CH—CH,
SAr Nu SAr Nu SAr Nu
rpea-(>95%) Tpea- apurpo-

Ilpucoennnenue cynbQeHraqoreHUAOB K ajJKeHaM B NPHUCYTCTBHH
LiClO4 xapakrepu3syeTcsi TEMH e 0COOCHHOCTSMH (IIeperpynmHpoOBKH,
COIPsDKEHHOE NPHUCOEIUWHEHHEe, IPUCOSAHHEHHE 10 nmpaBHiay Mapkos-
HHKOBA), UTO ¥ PUCOEIUHEHHE HoHa RS® . Biusnue nepxjopara IMTHA
Ha CTEPEOXHUMHIO M HANpABICHHE MPHCOENHHEHHUS CYNb(QEeHXIOPUIOR
HOTYYHIIO Ha3BaHHE «AoNMHTr-d(QdexTa». Takum obOpasoMm, npucoenu-
senne uonHoro SRPXC u koBaneHTHOroO peareHTOB K JBOIHON CBS3M
OCYILECTBAACTCA 110 PA3TUYHEIM MEXaHH3MaM H SIHUCYILGQOHUEBEIH HOH
B KayecTBEe MHTEpMeAHaTa MONy4aeTCd TONBKO TPH IPHCOETWHEHHH
HOHHOTO peareHTa. [l HauboJee MONHOTO ONMCAaHHI MEXaHU3Ma [pH-
coenuuenus kak noHHbX (RS®), Tax u xopanentusx (RSCI) pearenToB
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H.C. 3ednpoBeiM 1 B. A. CmuroM Oblia mpenmoxena oblias cxema,
IpEeAroaramas o0pa3oBaHue B Ka4eCTBE HHTEPMEIUATOR Pa3IMYHLIX
THIIOB HOHHBIX 11D, HCYILGOHHEBOTO HOHA U KOBAIEHTHOTO CyNbdy-
paHa:

e et
+ +
RSCl Rs@

1 v? )

\C____c/ — \c —— \C /—la \c ¢’ Lg \c ¢’

~———— ~— —— ~——— — —y——— —

NN e/ Ne/ N “Ne/ Ne/ N
S SR SR SR SR

7/ N\ o oS Se
Cl R ct ct Y
KOBANEHTHLIM KOHTaKTHas COJILBATHO- CONMLBATHO~ cB0boHbIA
cyMb@ypar MOHHas napa passenenHan pa3genetHas AnUCY ALPOH-
l WOHHas napa UoHHaA napa eBLIW HOH
{ ! !

ﬁ-XﬂOpCYllbq'Mﬂ, leperpynnvposattbie XIIOPCYJIb(PMp,bl NMPOAYKTLI  CONPAXKEHHOro
NpUCOeAUHEHNA BHElLIHero
HYKHGOQ)VU'(bHOFO arexTa

JTa cxeMa, B CYIIHOCTH, SBISETCS PACHIMPEHHBIM IPUIIOKECHHUEM
cxeMbl YalHCTeHHa IS OIIHCAHUS peaKIMi MOHOMOJEKY/ISPHOrO HyK-
neouILHOro 3aMenieHns Sy l-Tuna y HaCHIIEHHOTO aToMa yIvlepona
(rm. 9). [IpuBeneHHbIE BHILE XaHHBIE [10 IPUCOEAUHEHHIO KaTHoHa RSP
U Cyab(EHTaJIOTeHHIOB HAXOMATCS B XOPOIIEM COOTBETCTBHH C IO-
CJIE/I0BATENHHOCTRIO NIPEBPAILEHUH, IPEAnoIaraeMoil B JaHHOU CXeMe.
Bynymue uccne1oBaHUs OKaXyT, MOXKHO JIH C €¢ IIOMOILBIO OIIMCEIBATh
3aKOHOMEPHOCTH, HAOMIONAOIIKECS] TPH NPUCOSHHMHEHWH K KPaTHOH
CBSI3M JAPYTHX KOBAJICHTHBIX JJIEKTPOQHUIBHBIX AreHTOB — I'aJIOTCHOB,
ranoresoBogopojioB: R,PCl, RSeCl B HenonsipHo#t u ManononsipHoi
cpene. BrioaHe BO3MOXKHO, UTO aHTU-IIPUCOCOUHEHHNE HENOIAPHEIX KO-
BaJICHTHHIX XJI0pa HIH OpoMa K aJIkeHaM B HEIIOJISIPHBIX PACTBOPUTEIISX
(CCly, CHCl3) ocymiecTBisercss 10 MEXaHH3MY, B KOTOpOM Trajiore-
HOHHEBHII1 MOH B Ka4uecTBE HHTepMenuara Boobiue He odpasyercs, a
AHTU-IIPUCOEANHEHHE JOCTUTAETCS ¢ YIACTUEM WHTEPrajioreHuIa THIIa
Hal,, rme n = 4,6 wiu nake BOCBMH aroMmaM rajoreHa. JJist npuco-
eIMHEHUS TAIOTC€HOBOI0POAa B MANOIIOISIPHOH Cpefie 3TO MPAaKTHYECKU
SKBHBAJIEHTHO MEXaHHU3My 0Oe3 oOpa3zoBaHUs AUCKPETHOIO KapOoKaTH-
OHa, KOTOpHIN ObW1 ONWCaH B OXHOM H3 NIPEABIAYIIMX Pa3felioB ITOH
[JIaBBL.

5.4.3.3. [TPUCOEJUHEHUE JIPYTUX BJIIEKTPODUJIBHBIX PEATEHTOB

MHorue apyrue 31eKTpodHIbHBIE areHThl TAaKKe MPUCOEHUHAIOTCS
10 ABOMHOM CBA3M aNKeHOB. Cpeay HUX OTMETHM OpoMasui Br*JN; S n
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#omasun "Ny % jommsoumanar [P —N~8=C=0, nuponan, X10pHCTHIiL
HUTPO3HUI Cl=8—N*=0, C¢HsI(OAc), u RSeCl. Ipucoemunenue IN3,
BrNj;, INCO u npyrux ncepIorajxoreHoB, II€ a3Ha-, H30[HAHAT- K THO-
IMaHAT BEIMOJIHSIOT QYHKUHMIO rajIOreHUA-HOHA, TI0 CBOEMY MEXaHU3MYy,
CTEPEO- K PErHOCEIEKTHBHOCTH IPUHIMIIHANBHO HE OTIIMIAeTCS OT IPH-
coeIMHEeHM HECUMMETPHYHHIX rajioreHoB. [Ipucoenunenne IN3, BrN;
1 INCO uMeer CHHTETHYECKOE 3HAYECHHE, ITOCKOIBKY a3uJOo-Tpyla
MOXeT OBITh BOCCTAHOBIEHA IO aMHHO-TPYMIIHI ¢ HOMOIIBIO NuGOpaHa
B>Hg mix karaquTHUecKw BOJAOPOJOM B IPHUCYTCTBHH NadNafus Ha
kapbonare Gapus. CaM #omasuja IMoiydvaioT B pacTBope B 5¢Hpe NIpPH
o0paboTke azuna cepebpa Wian HaTpus 3(PUPHBIM pacTBOPOM #ofa HiIH
xnopucroro ioaa npu 0-10°C:

CsHsCH=CH; _ AeNith | CgHs— CH—CH, I _Balls,odup |
(0—10°C, 5¢mp) )HC

& ©
N=N=N
(70%)
— C6H5— CH—CHz—I

NH;-HCl
(50%)

Honasmx IN3 crepeo- M pETHOCENEKTHBHO MO MAapKOBHHKOBY
MIPUCOEUHAETCA K JBOHHONH CBSI3H, NPHYEM CTEPECOXHMHUS PeaKilu{
COOTBETCTBYET aHTH-IIpHcoenuHeHU0. O0pasyromuecs mpauc-3-ion-
ANKMIA3H/6l IPH BOCCTAHOBIEHHH C IOMOUIGI0 aTOMOTHAPHAA JIUTHA
MPEBPAIIAOTCS B a3MPHIMHBI — COSAMHEHUS C TPEXWICHHBIM IIHKIIOM H
OIHHMM aTOMOM a30Ta:

NH
H CH N .
\c c/ oAgNg; I, 3\c c,'CH3 LiAlH, H\c/ \ ,CHB
4 N apup H-z ™H - 3gH 7 C
CHy H CHy Nyt CHy A"

Hommzommanar I-N=C=0. D10 coenuHEHME MNONYydaeTCs IpH
B3aHMOJIEHCTBHH JIETKO OCTYITHOTO IIMaHaTta cepedpa ¢ HonoM B adupe.
B oTauume oT B3pHIBOOMACHOTO Homasuaa 3TOT peareHT JOCTAaTOYHO
crabuneH ¥ MoxeT ObIThH BBIACIEH B HHIUBUIYaILHOM BUAe. Momusoiu-
aHaT cTepeocneU(pUIHO MIPUCOETUHACTCS 110 ABOHHON CBI3M aIKECHOB
¢ obpa3oBaHHEM 2-HONAaNKMIH30IHAHATOR, KOTOPBIiE MPEBPALAIOTCS
B Kap0aMaThl B pe3yibTare MPHUCOEIMHEHWS MeTaHOfda WM JPYroro
crupra (1. 21). Ilpu B3auMonecTeun 2-ifoaxapbaMaTta ¢ THIPOKCUIIOM
HaTpHA TPOHCXOAUT IMKIH3ANNUA C NOCIEOYIOUIMM MIEJOYHBIM THA-
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ponH30M CII0XKHO3GHPHOH rpynnsl. KOHEYHBIM MTPOAYKTOM 3TOH Nenu
TIPEBpANICHHS OKa3biBACTCS A3UPUIMH (A3aIMKIOIPONAaH):

2AgNCO +21, ——— 2I-N=C=0+2Agl.

3gmp; 0°C

CH3OH
O + e mmre OG22 O g

N=C=0 KH—C— OCH,

C1 0 Kap6amar
NaOH >’ 0 NaOH
—_—_— —_— —C— —_—
H,0; 20°C; 24 Ck\..e P O>N C—0CHs 0 100°C
N~C
~0CHz

0
[ 4

(90% ) 2,3-TeTpameTuneHazupuoun

Taxum 00pazoM, IpHCOoeIHHEHHE HOMM30NHaHaTa K ABOMHOMN CBS3H
OTKDHIBAET NPOCTON M BMNONHE NOCTYIHBINH NMyTb K CHHTE3Y a3UPHIH-
HOB — HanboJjiee [IPOCTHIX a30THCTHIX IeTEPOLUKIHIECKUX COSUHEHUH.
Hpucoenuuenue x apoitHoi csazn ankmicenenxmopuna RSeCl ¢ Touku
3peHHs MEXaHW3Ma U PErHOCEIEKTUBHOCTH HUYEeM MPUHIHITHAILHO HE
OTIHYaeTcsa OT IPHCOSAMHEHHs CYIbQeHramoreHuIoB (pasa. 5.4.3.x).

[IpucoenrHeHENEe XJIOPHCTOrO HHUTPO3WIa K adKeHaM IPHBOAMUT K
00pa30BaHUIO TPEX THUIIOB 3JAYKTOB B 3aBUCHMOCTH OT CTPOCHHS alIKeHa
Y YCTIOBHM poBeAeHud peakuuu. IlepsonayansHo Beerna obpasyercs 3-
TaJIOTEHOHUTPO30COEAUHEHHE, HO OHO CTAaOHIBHO TONBKO B TOM Cilydae,
KOrja HHTPO30OrpyIia HaxOIWTCH TpPH TPETHYHOM aTOME YITIEepora.
Ecnd ke HUTPO3OrpyNna HaXOAHTCA MPH BTOPHYHOM HIIM [EPBHYHOM
YIIEPOJHOM aTOMe, HUTPO30COEIMHEHHE JIETKO H30MEPH3YETCA B OKCHM
B PE€3y/sTaTe IPOTOTPOIHOTO NIPEBPALICHUS:

@
Nocp s | cnc13 H; Hy0
O + v e (O ()

a H €l NOH a0

I'uaponns OKCUMOB NPUBOIMT K MOMYYEHHIO KeToHa. JIByxcramuii-
Hbli poriecc npucoeauHerHs NOC] kK IHKIOAIKeHaM ¢ IOCIEAYyIo-
LM KHCJIOTHBIM THAPOIH3OM SBISETCS OJHUM H3 METOOB NOIyUYeHHUS
Q-XJIOPIHMKIOATIKAHOHOB. B ciydae mpoCTEIX ajgKeHOB (-TaJIor€HOHH-
TPO30COCIMHEHHE OKHCIACTCS MOJ ACHCTBHEM HHUTPO3HIXJIOPHAA IO
(B-rajorenonurpocoeanHerust. CTepeOXUMHS MPHCOEIMHEHUS XJIOPH-
CTOro HHUTPO3WJIA K JBOHHOH CBS3H JIETKO HM3MEHICTCH HaXe NpH H3-
MEHEHHH NIPUPOJIBI pacTBopures. Tak, HanpuMep, B WHAKON JBYOKHCH
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cepst SO, HabnomaeTcs anmu-MPUCOEAVHEHHNE K [IUKJIOreKCEeHY, TOIna
KaK B TPUXJIOPITHIICHE UMEET MECTO CUH-TIPHCOCAUHEHHE.

CyiectByeT HECKOIBKO CHOCOOOB yBenHYeHHA «I3P)EKTHBHOCTH
3MeKTPOGUIBHOCTID peareHTa, MPUCOSAHHSIIOMIEr0Cs K JBOMHOH CBA3U
ajKeHa mo HOHHOMY MexaHu3My. OJMH U3 HMX 3aKII0YAeTCs B 3aMEHe
vactrusl Y B pearerte X0T—Y%~ ma Gomee 371eKTpPOOTPHLATEIBHYIO
rpynny wnd aHdoH Y =BF,; SbF.; ClO;; FSOj. Takoe pe3skoe
Bo3pacTaHue «3EKTHBHON 3MEKTPOPUIEHOCTH» pearceHTa IIPOHCXO0-
JMT, HapuMep, mpu 3amene cynbdenunxiopuna RSCl ma RS'BF,
HITH RS*SbBé_ (cM. BhINIE) HJIM [OpH IEpexofe OT aneraTta pTYTH
(CH3COO);Hg x (CF;COO)Hg umu x (CF3SO;3),Hg. Hpyroit nyTs
YBEIHYCHUS EKTPOPHILHOCTH peareHTa COCTOUT B AIIEKTPOHUIBHOM
KaTanuze Kuciotod Jlstonca. Dta HAes IeKAT B OCHOBE peaKIUi
IMEeKTPOQHIBLHOTO IPHCOEAUHEHHS K IBOHHOM CBSI3H aJIKEHa, KaTalu3H-
pyemeix okcuaoM cepbl (V) (H. C. 3edupos, H. B. 31k, A. C. Ko3smus,
1982). 1lepponauansro SO; neiicTByer kak Kucjiora JIprouca, 3areM
NPOMCXONUT Meperpynnuposka aaaykra XY®: SO,0° 8 X—0S0,Y,
9T0 (OPMaNBHO COOTBETCTBYET BHENPEHUIO CEPHOrO aHTHAPHAA II0
cBsa3d X—Y ¢ 06pa3oBaHHEM HOBOTO pPearcHra:

X% — Y5~ +80; — XY® : S0,0” — X — 0%~ —S0,Y.

Cemp X% —0% 8 X—0—-S0,—Y ropazno Gojee NoIApHA, YeM CBA3h
X =Y~ u raxoi CyiIn(OHAT OKa3kIBaeTCH OOJIee CHIBLHEBIM JJIEKTPO-
¢unoM, HeM UcxonHbIH peareHT X—Y, HanpuMep:

] 0
Cl, +50; =S, c1-o-sZci;
,Cla \\O

. 0
CIOC,Hs + 805 =2, Cl10SZ20C,Hs:
Yo

H>Cla

0
V7
R,NCI+SO; — R,NSZ0CI;
No

0
R—S—S—R +S0; — RS-SZO—SR.
0

B 3THX MOAM(HIHPOBAHHBIX PeareHTax aToOM XJIOpa MJIH TpyIa
SR oxa3piBaeTcs NMONOXHTEINHHBIM KOHIIOM JMIIONS U BHHIOIHAET POJib
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3MEKTPOGHIBHON YaCTHIIBL:

G

B —78°C ’

c2otso 0t + O TR — Q

050,01
CE20ES0,00 g + #-Cutigct=cH, 2% uc i cH-cH.CL + CH—
G 7 -CalgCH=CH, g i -CaMtgQH—CH t-CalgCH—CH,

0S0,0CHg €U 050,0C,Hs
(56%) (15%)

N,N-granxuaxaopamussl RoNCl u nucynsduast RSSR npucoenu-
HAIOTCSA K ABOMHOM CBA3M IO PAIUKAIBHOMY MEXaHH3MY (CM. cClIeny-
IOIIUHA pa3fen), OqHaKo MomudbHKalus UX ¢ TOMOmKb SO3; H3MEHAET
MEXAaHHU3M C pajyKalbHOIO Ha 3IeKTPOQHILHbIH:

H-CHGTH=CH, + (Cg),N-C o+ 803 o -Gt CH—CHAL (88%) ,
OSON(C,Hg),
Cl

@ + DN-a + 805 ~wer O\ (30%),
osoz-NC!

0
H-CeHy CH=CH, + CcHgS~SCqHs +850; ﬁ;&%H—EEE’H-CSH“CH—-CHZ——SCSHS
NH~—C—CHy

_SCeHs
O+cus-—scn +so—-"—7ivc———-> 0
&7s &5 3 CH,CLCHaCN I

NHCCH,

_-SCeHs

CehsS—NICHs), + 505 + O-—CH—ZC-{;—__’
050;-N(C,Hs)
2

5.4.4. PATJUKAJBHBIE PEAKIIHHA AJIKEHOB

5.4.4.a. PATMKAJIBHOE ITPUCOEJUMHEHUE HBr, KATAJIM3UPYEMOE
NEPEKHUCAMU, U POXCTBEHHBIE PEAKIIMU

Ilpucoenunenue OpPOMUCTOr0 BOJOPOAA K AJIKCHAM PE3KO OTIHYa-
eTCsl OT NPHCOEAMHEHHUs OCTANBHBIX rasoreHosonoponos — HF, HCI
u HI. B 3aBucumoctu 0T yciaoBuit npu mnpucoenusenuu HBr x
HECHMMETPHYHBIM aJIKeHaM O00pa3yloTCs NPONYKTHI NPUCOESTHHEHUS
WM B COOTBETCTBHH C MpaBMiIoM MapKOBHHKOBA, HIIH IPOTHB IIpaBHUJIa
MapkopaukoBa. Jlo 1933 r npuudHEl 3TOH aHOManuu OBUTH COBEp-
IIEHHO HE SCHBl M pE3YJAbTaThl PasiHIHBIX PYIII HCCIENOBATENeH no
npucoenuHennro HBr Haxomunuch B pe3koM NPOTUBOPEUYHH APYT C
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npyrom. Hepenko KOHEYHBIMH NPOAYKTaMHU OKa3bIBAJIaCh CMECh 000uX
u30MepHEIX GpoMUI0B. Tak, HaAIpUMeEp, IPH IPUCOESAMHEHHH OPOMHCTO-
ro BoAopoaa K OpoMucroMy ammmmty (3-0poMnporieHy) B IPHCYTCTBHH
clelioB Bo3nyxa oOpasyercs cmech 1,2- U 1,3-mMOpOMIIPONIAHOB HIIH
Jaxe npeuMymecTBenHo 1,3-aubpomMmnponan:

BrCH,CH=CH, + HBryx — BrCH,CH,CH,Br+ CH;CH—CH;Br.

Br

ParonansHoe oOBACHEHHE aHOMANBLHOTO IIPUCOCIUHEHHS OpoMH-
CTOrO BOAOpOJa K ankeHam Osu10 nano M. Kapamem u @. Maiio s 1933 1.
OHu 0OHAPYKUIIH, YTO IIPH TIOJTHOM OTCYTCTBHH KHCIOPOAA B HCXOMHBIX
peareHTax ¥ pacTBOpHUTeNe THAPOOPOMHPOBAaHHE AJKEHOB CTPOTO MOA-
YUHACTCA NpaBWily MapKOBHHKOBA U, CIEIOBATENBHO, OCYIIECTRISCTCS
0 MEXaHU3MYy 3ACKTpOoIILHOIO NMPHUCOSAMHEHHUS 10 NBOMHOH CBA3M,
OMMCaHHOMY B NpeaplAyIIUX pasfenax 3TOH maBpl. B npucyTcTBHH
KHCIIOPOAA UM Pa3IHYHBIX TEPEKHCHBIX 100aBOK, TAKUX KaK NEPEKUCH
OeH3ouIa,

o)
V7
C6H5C< 0
0-0-cZ
C6H5

ruaponepekucs mpem-6yruna (CH;3);C—0—OH, H;O, 4 T a., Me-
XaHH3M pPEeakIH H3MEHSIETCA C JEKTPOPHIBHOTO Ha pajWKallbHBIMH,
YTO NPHBOZHT K IONHOMY H3MEHEHHIO PErHOCEIeKTHBHOCTH THIpPO-
OpOMHpOBaHUs alIKeHa, KOTOpOe Teleph MPOHCXOIUT HPOTHB NpaBUia
MapKOBHHKOBAE:

RCH=CH; +HBr

e s RCH,CH,Br.

HIH NEPEKHUCH

IlpucoenuHenye OPOMHCTOTO BOAOPOJA, HHUIMHPYEMOE KHCIOPO-
JOM HMIIM IePEeKHCSIMH, OCYIIECTBISAETCH MO LEMHOMY PagHKalbHOMY
MexaHusMy. MHMnuHpoBanue pajMKaigbHOW IEMH 3aKiIodaercs B o0-
pasoBaHMH aroMa OpoMa, KOTOPHIH BBI3BIBAET Pa’BHTHUE PaUKANLHOH
nernu:

3apooicoenue yenu:

o) 0
- ) V
CeHsCZ 0 LLREUER 2C6H5C<
0-0-cZ Ne)
CeHs

/O

0
Vi Vi
2CeHsCZ_ +HBr — 2CeHsCZ +Br
o- h

OH
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passumue yenu.

Br- +RCH=CH, — RCHCH,Br+ AH® (AH® = —9 kkan/Mosb)

RCHCH,Br + HBr — RCH,CH,Br + Br- + AH°
(AH° = —T7 kkan/MoJb).

ObpazoBaune pagrkana Br- npu 3apoxaeHUM I[EHH TPOHCXOAUT B
pe3yibsTaTe B3auMoNeCTBHs Kuciaoposaa Uiy, yro Gonee addexTunHoO,
NIEPEKUCHOIO pajiKajia ¢ OpoMHCTHIM BomoponoM. C 4HCTO 3Hepre-
THYeCKOH TOUKH 3peHus obOpazosanne CgHs—COOH u Br- ropasmo
BeIrofHee, dem obpazoBaHue CeHsCOOBr w H:, moCKOIBKY 3HEprus
cBa3u O—H 3nHauurenbHO mpesbimaer 3Hepruio ¢z O—Br, u, cie-

40
JIOBaTeNbHO, B paauKaabHoM npouecce odbpazoranue C¢HsC—OH u Br-
npeanodtutenasHee. O0e CTaauH pa3BHTHSA LENMH DK30TEPMHYHBEl M Xa-
PaKTEepH3YIOTCS HH3KOH DHEpruei akTHBAIMY, YTO OOIerdyaeT pa3BUTHE
LISITHOTO mpoiecca. AToM OpomMa NPUCOEAUHACTCS K KOHIIEBOMY aroMy
yriepona ajkeHa ¢ o0pa3oBaHueM Hanboliee 3aMENIeHHOI'O BTOPUYHOTO
pagukKana. AHAJTOTHYHO KapOOKATHOHAM BTOPHYHBIC aJKUIbHBIC paiH-
KaJibl crabuipHee nepeuuHbiX (D1 4). [loaTtomy B mepBoit cTaguu pas-

BUTHS IIENH o0pasyercs ToNbko BropuaHsli pagukar RCHCH,Br, Ho He

nepsuuHsli pagukail RCHBrRCH;. B koHe4HOM HTOre 3TO IPHBOOHT K
AHTHMAaPKOBHHKOBCKOMY MPOAYKTY PajUKaILHOrO r'HApOOpOMHpOBaHMS
RCH,;CH;Br. D10 He IO/KHO BBI3BIBaTh YOUBJIEHHS, €CJIM NPUHATH
BO BHHMMAaHHE, 4TO paJukax OpoMa B 3TOH peaki[H BBIIONHIET Ty
KE PONb, YTO U MPOTOH B PEaKUUH NIEKTPODHILHOTO MPHCOEAUHEHH
raJoreHOBOAOPOHOB K alIKCHY:

CH,=CH(CH,); COOH LEK};—’

6eH30HuIa

BrCH2CH2(CH2)3 COOH.

AHOManbHOE MHIPOraIOTeHHPOBAHHE, HHHIIMUPYEMOE IIEpEKUCAMH,
xapaxTepHo ans npucoenuHeHus HBr, Ho He HCI, HI unu HE. Dneprus
csizu C—1 HacToNBKO Mana, YTo MpUCOEAMHEHHE panyKaia |- k ABoHHON
CBS3M B [EPBOM CTAgMU Pa3BUTUA IENMH SHAOTEPMHYHO H TpebyeT
BBICOKOH SHEPruH aKTHRAIUH:

RCH=CH, +1- — RRCHCH,I+ AH®, AH® =+5 kxai1,/Moib,

XO0TA BTOpas CTaAUA PA3BUTUA LIENH 3K30TCPMHUYHA:

RéHCHZI +HI — RCH,CH,I +I- + AH®, AH® = —24 kkan/MoJb.
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Ipu paguxansHoM npucoeaunenudn HCl u ocobenno HF k gmoitnoit
CBS3H, HANPOTHUB, BTOpas CTaaus Pa3BUTHS LENH XapaKTepH3yeTcs
HOTIIOUIEHHEM Telula, MOCKOIbKY 3Heprusi cea3sm HCl oueHb BBICOKa
(103,2 xkan/mMois).

RCH=CH, +Cl- — RCHCH,Cl+ AH®, AH® = 22 kxas1/Moib,

RCHCH,Cl + HCl — RCH,CH,Cl+Cl. + AH®,
AH® =+8 xKaj/MOJIb.

Ilenurie pagukagbHbIE MPOLECCHl OCYIIECTBIISIOTCS JETKO TOJIBKO B
TOM cilydae, korma ofe cTagu pa3sBUTHS PaAHKaILHOM Hemu 3K30Tep-
MUYHBI. Hanuuue 3HA0TEepMUYHON CTaId COOTBETCTBYET MEAIIEHHOM U
obpaTuMoit peakuuu ¢ OBICTPHIM OOPEIBOM lienH. [103ToMy B OOBIMHEIX
ycnoBusx pannkansHoe npucoeaunenue HF, HC! u HI x nBofiHO# cBi3U
He IPOUCXOIUT.

Pan npyrux coepuHeHHMH ¢ mOAXoasulel 3HEPTrUEH CRSI3M MOXET
OPUCOCAUHATLECA K JBOWHOH CBS3M [0 PagUKAIBHOMY MEXaHH3MY,
nonobHoMy panukanrbHOMY npucoenrHeHuIo HBr k ankenam. M3pecTHsI
MHOTOYHCJIEHHbBIE IPHMEPH! IPUCOEAHHEHHS K aJIKeHaM CepoBOJIOpOa,
THOTIOB, JUCYIIB(HIIOB, YETHIPEXXIOPUCTOTO H YETHIPEXOPOMHUCTOTO yr-
nepona, CBrCls:

CH;CH,CH=CH, +H,S %’; CH;CH,CHCH,SH+
° (68%)

+CH;CH,CH,CH,S—CH,CH,CH,CHj;;
(12%)

(CH;3),C=CH, + CH;CH,SH “*%%, (CH;),CHCH,—S—CH,CHs.
(94%)

Hucynedunrr, CCly u CBrs, nerko pearnpyioT ¢ ajJKeHaMH B
IIPUCYTCTBHH NepeKHceH, HHUIMUPYIOMUX PaJfKaIbHbIE IIPOLECCHI, C
obpa3oBaHHEM aJITYKTOB cocTaBa 1 : 1.

CH;3;CH=CH,; +CF3S—S—CF; hy, CF;—CH—CH,—S~CF3;
(100%)

CH;

CH3(CH;)sCH=CH; + CCl4 m CH3(CH;)s CHCICH,CCls;

Genzonna (75%)

CH;3(CH,)sCH=CH, + CBr4 7”5”—> CH;3(CH,)s—CH— CH,CBr;;
‘ (88%)
Br
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ROOR -+ 2RO,
RO - +BrCBr; — ROBr+ -CBrj3,

.CBr3 + CH3(CHa)sCH=CH, — CH;(CH,)s—CHCH,~—CBrs,
CH3(CH,)s—CHCH,—CBr; + CBrs —
s CH3(CH2)5—('JH—CH2—CBr3 +CBr;.

Br

B HeKOTOpBIX ciryuasx, 0cCOOEHHO I CaMOro 3THIIEHA, TAKHEe PeaKIHK
MIPUBOIAT K CIIOKHOW CMECH MPOAYKTOB TaK Ha3bIBAEMOMH TejIoMepH3a-
LAY, TJe MPOMEKYTOYHO 00pa3ylonuics pagukal IPUCOESIUHESET O/IHY
3a APYToil HECKOILKO MOJIEKYIT STHIICHA:

.CCl; + CH,=CH, — Cl;CCH,CH, <2~k

CH»=CH>
—_

— Cl; CCHZCHZCHZCHZ CCI;CH,CH, CH2CH2CHZCH2 —

n{CH»=CH, CCly
—_—

), CCl3(CH,CHy), ,,CH,CH &%
— 'CCI3(CH2CH2)n+2CH2CH2C1+ . CCI:; HT.O
TEJIOMEP
nCH,=CH, +CCl, —— =2, CI(CH,CH3,),CCls,

110°C; nepexuco
e n=1 (9%); n=2 (57%); n=13 (24%).

B npoueccax TenoMepusaluu 1peodiaNaloT NPOIYKTE CO CPaBHH-
TEAbHO HU3KOH MOIISIDHOM Maccoii, COOTBETCTBYIOLIEHR HU3KUM 3HaYe-
HHSM n < 5 BCIIEACTBHE JETKOCTH OOpHIBA PaJUKAILHOMN 1EH.

5.4.4.6. AJUIMJIBHOE BPOMHPOBAHUE ANTKEHOB
N-BPOMCYKIIMHHUMHWAOM IO K. UUTTIEPY

B 1942 r. Kapn Llurnep Bocnpomnspen pauuion pabotry A. Bons o
OPOMHPOBAHMIO AIKEHOB M TIOKA3all, YTO Peakinust ajJkeHoB ¢ N-Opom-
cykuunumuaioM B CCly, MHUIHUPOBAHHAS [IEPEKUCIMH, gBAsfeTCH 00-
MM METOAOM OPOMHPOBAHHS AJKEHOB B TaK HA3BIBAEMOE ANIUIBHOE
noiokeHne (aJUIMIBHBIM Ha3bIBAETCS aTOM yIIIEpOIa B (u-ITOJIOXKEHUH
[10 OTHOIIEHUIO K ABoitHON cBa3u). N-bpomcyxumuumun (NBS) nomny-
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YAETCs TIPH B3ANMOAEHCTBHM CYKIIMHUMMIA (MMUEA SHTAPHOM KUCAOTDI)
¢ OpoMoM B 1IeNIOUHOM cpexe:

0 0
CH2 -7 . CH2 —cZ
>NH+Br2+NaOH 0-s° SN—Br+NaBr+H,0.
CHz H.0 CH c
“o

NBS cenexTHBHO OpOMHPYET U MUKIUIECKHE ATIKEHBI TOABKO II0 all-
JTHJIBHOMY aTOMY YyIJIepoja:

/O
Br CH2
O + HBS _FHC00%: | d | >N
CCly, 80°C CH,—
"o
CH;3(CH,)4CH,CH=CH, + NBS _
CCls, 80°C

— CH3(CH,)s—CH —CH=CH, + CH;(CH, ) CH=CHCH,Br+
(17%) (45%) yuc/mpanc=1:1

Br

O
CH,—-C
+| >NH
CH,—C
o

C¢HsCH=CH—CH3; + NBS AN C¢HsCH=CHCH,Br
mparic- CCL (75%) mpanc-

Kak M0XHO 0OBACHHTE OPOMHPOBaHHE HCKIIFOUHTENBHO B AJLIHIIb-
HOE MOJNOXEHHE M KaK OOBSICHUTH 00pa3oBaHHE IPH OpOMHPOBAHHUH
OKTeHa-1 cpa3y JBYX IIPOAYKTOB, U3 KOTOPBIX B OJHOM IIPOH3OLIIO HU3-
MEHEHHE [TOJIOKEHHS ABOIHOMH cBs3u? OTBET Ha 3TOT BOIIPOC CBOIUTCS K
PaccMOTPEHHIO 0c060i cTabMIIBHOCTH alTHI-pagrkana. bpoMupoBanue
ankeHoB 1o Hurnepy ¢ NBS npencrasiser coOoi HenHo# paguKaabHbIA
mpoliece ¢ ydactHeM aToMa Opoma. Atom Opoma obpazyercs nipu ¢GoTo-
JIH3€ HJIH TEPMUYECKOH TOMOIUTHYECKON AUCCOLMALIN MOJIEKYAIPHOTO
OpoMa, obpazymwomerocs B O4YeHb HU3KOH KOHueHTpanuud u3 NBS u
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cinenoB HBr, und 3a cuet TepMHYecKoro pasnoxeHus NBS:

HBr +(CH;CO);, NBr — Br; +(CH,CO),NH

hv wnu ¢t

Br; 2Br-,

Br-+R—CH,—CH=CH, — HBr+RCH—CH= CH,,
ANNTANBbHBIH
paauKal

Br
R—CH—CH=CH, + Br, —» R—CH—CH=CH, +Br- u T.L.

HampasiieHne pajyKalbHOIO TaJOT€HHPOBAHHS OIpEAEIseTcs OT-
HOCHUTEILHON CTabMIBHOCTBHIO pajikaia, oOpasyromerocs B KadecTse
uHTepMeauara (1. 4). BpoMupoBaHue aIKEHOB B AJITMIIBHOE ITOJIOKEHHE
onpezensiercs 6oee Hu3Koi sHeprueil C—H-CcBSI3K B aJUIHIHLHOM I110JIO-
>KEHUH 110 cpaBHEHUIO ¢ 2Hepruei C—H-cBsizn o6p1uHO#M MeTUNIEHOBOH
WJIH METWIFHOH IPyNIbl. 3TH JaHHble ObUIH IIPHBENEHEI B IT1aBe 4 1 Anis
Oonpleit HANIAAHOCTH NIPUBEAEHBI HA IpUMepe 4-MeTHILHKIONEeKCeHa:

{nepauunbik)

. HoH
{sTopuied) N\ /
KKan C

95" MoTh ) TH
KKan
. 98 \oms
{anauabhuin) H /

KK

87 ——n’aﬂ —108 oris

H
{(BMHWNBHLIN )

W3 Hux cienyer, yTo aUIMIBHBEIA pagukan cTabHUIbHEE BTOPHYHOTO
QIKHJILHOTO PajiMKaia Ha ~ 8 KKaJ/Moub, Ha 11 kkan/Mons cTabuiibhee
[IEPBHYHOTO AJKUILHOTO pajukana 4 Ha 20 Kkan/Momns cTabHIbHee BU-
HHIILHOTO pafukasa. [[MKIorekceH Kak CHMMETPHYHBIH aiKeH oOpasyer,
€CTECTBEHHO, TOJBKO ONMH MPONYKT 3aMelIeHHs Bomopoaa Ha OpoM
B aJUIMJILHOM MOJIOXKEHHH. Takue aJUTHILHBIE TajdoreHHIbl 0COOEHHO
BaXKHEI JUIs1 CHHTE3a CONPSKEHHBIX HEHOB NPH ACTHAPOTraJIOreHUPOBa-
Huu (. 7):

Br
(CH3»CO~K* @
(j (CH3);C—OH; 80°C
BMmecto N-OpoMCyKIMHHMHAZ MOXHO MCIONB30BaTh N-XI0pCYKIH-

HHMH], KOTOpI:Iﬁ XJIOPHPYET aJKCHBI 110 aJUIMJIIBHOMY ITOJOKCHHUIO. Pe-
420




aKiMeil, pOACTBEHHOI alnnniIbHOMY rajloreHHpoBaHHtio o Liurmepy, sB-
aseTcs npaMoe razoobpa3Hoe XJIOpHpoBaHKe IponwieHa Ha 400-500°C
(1. M. JIbBOB, 1884 r.):

CH;CH=CH; +Cl, CICH,CH=CH; + HCL

B HacTosimiee BpeMsi 3Ta peakiysd JIEKHUT B OCHOBE NPOMBILLIEHHOIO
cnocoba NONMy4YeHHs XJIOPHCTOTO ajuinia B OONBIIMX KodudecTsax. B
TaKHX YCJIOBHAX IPUCOEIMHEHHE XJIOpa K JBOMHOH CBSI3H CTAHOBUTCSH
obpaTuMoif peakuueH, Ii¢ paBHOBECHE CHILHO CMELIEHO B CTOPOHY
ucxoaHbIx pearedToB. C 3ToH peaknuel ycrenHo KOHKYpUpYeT IpsaMoe
pajMKanbHOE 3aMemeHHe BONOPOAA B alNIHILHOM IIONTOXKEHHH:

Cl, = 2Cl,
CH,=CHCH; + C! — HCl+CH,=CH~—CH, -,
CH,=CHCH, - +Cl, — CH,=CHCH,Cl+Cl u T. 1.

ANNUIXTIOPHI HCHOAB3YyeTCS U8 TOAYYeHHs OIUXJIOPTHApPHHA

400—500°C
—_—

CH2<——/CH—CH2Cl U COCNMHEHUH C alMWIbHON rpymnmo#l. Taxum
O

06p330M, PCaknuy paaMKajJibHOI0 3aMCII€HN BOAOPOAA B AJUIMIIBHOM
HOJJOXKCHHH, KaK H p€aKUUH PAIUKaJIbHOTO IIPHCOCANHERHI IO IBOHHOMN
CBsI3H, CTOJIb K€ TUIIMHYHBI U1 aJIKCHOB, KaK M IIPOILCCCHhI BJICKTPO(I)I/IHL-
HOro nNpuCOCOUHEHNA 110 KpaTHOf;I CBA3H.

5.4.5. OKHCJIEHHE AJIKEHOB

Peakninu OKHC/IEHUS aJIKEHOB I1eliecoo0pa3Ho 1I0Apa3/ieHTh Ha JBe
fonbmye IpymIbl: 1) peakuuy, B KOTOPBIX COXPAHIETCS YITIEPOAHBINR
CKEJIET, 2) PEaKI¥H OXUCIMTEIbHON JECTPYKIHH YIIEPOIHOIO CKeleTa
MOJIEKYNEI IO ABOHHOM cBa3H. K mepsoit rpynne peakuuil orHocsTCs
IMOKCHIMPOBAHME, a TAKKE THAPOKCHNAHpPOBaHWE, NpHUBOALINee K 00-
Pa30BaHUIO BUIMHANGLHBIX mpaHc- UIA yuc-TIuKoneH. Jpyras rpymnma
BKJIIOYAET O30HOJIM3 ¥ PEaKUMH MCUEPIIBIBAOIIEIO OKHCICHHS alIKeHOB,
IPUBOAAMUE K 0Opa30BaHUIO PA3IHYHOIO ponia KapOOHHIBHBIX COENH-
HEHUH U KapOOHOBBIX KHCJIOT. MBI IOC/IEA0BATENBHO PACCMOTPHM 00€
3TH BaXKHbIE IPYIIILI PEaKIUii.

5.4.5.a. PEAKIIMHY OKHUCJIIEHUA AJIKEHOB C COXPAHEHUEM
YIJIEPOAHOI'O CKEJIETA

1. nokcuauporanue (peakuns H. A. Ilpunexaena, 1909 r.)
AUMKIHYECKHE W I[HMIJIHIECKHE aJIKeHbl NP B3aHMOJEHCTBHH C

O
B HENOJAPHOH, HHIH(de-

/N

nepkucinoTaMu (Haakucioramu) RC
O—OH
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peHTHOM cpene oOpa3yloT OKHCH aJdKEHOB-— 3MOKCHJBI, MOITOMY cama
pPEaKIHA HOCHT HA3BAHHE PEaxyul INOKCUOUPOBAHUSL.

/o shap, Genson / O\ O
RCH=CH,+} R'C — R-CH—CH, +R1~C
OOH 2~z SIOKCHAK OH
NEePKHCIOTA {oKcupanm) .

{HagkucsoTa)

Cornacao cospemenHoit nHoMmennarype WIOIIAK, tpexwuneHHsIid
LUK C OOJHUM aTOMOM KHCIIOpOJia HOCHT Ha3BaHHE OKCHpaH.

DNOKCHANPOBaHHE ajJKEHOB CENyeT paccMaTpUBaTh KaK CHHXPOH-
HBI, CONTACOBAHHEIA TPOLECC, B KOTOPOM HE YYacTBYIOT HOHHBIE
HHTEPMEIMATHI THITA THAPOKCUIBHOTO Karnona OH. Drokeuauposanue
QJIKEHOB MpeAcTaBisieT coOoi mporecc cuH-IPHCOEIUHEHUs OIHOTO
aToMa KHUCIOpOJa IO ABOMHOHR CBSI3U C IOJIHBIM COXpaHEHHMEM KOHGH-
rypamyu 3aMecTUTeNel Ipy 1BOHHON CBA3M:

H N
S ——c + // — \ / + c//°
/ cHel, / “ ~oH
i R el

MeTa- xnopnep6ehaounaﬂ
KuCAOTE

Jns SHOKCHAWPOBAHUA OBLI IIPEIUIOKEH MEXaHH3M, XapaKTepPHBIH
JUIS COrTIACOBaHHBIX IIPOLECCOB (CM. L. 25):

1

N ;
R R R
=c" + ch/ ”_/ /(z-\ / l\O + O—C/
o o-on ") t
z/ \ oH
BaMELLLGHHbIM
OKCUpaH

B xauecTBe AMOKCHIMPYIOMIUX AareHTOB UCIIOIL3YIOTCA CHCAYIOLIHE
ITePKUCTIOTHI: TepOeH30iHas1, M-XmoprepOeH3olinas, MoHollepdTaneras,
NIepYKCycHas, nepTpHTOpyKCycHas KW TNepMypaBbuHas. [lepkucnoTsl
apOMATHYECKOTO Psiia MPUMEHSIOT B BUC HHIHBUYalbHbIX PEarcHTOB,
TOrAa Kak mepkucnorhl amudarnaeckoro paga — CH;COsH, CF3COsH
1 HCO3H — He BHIIENAIOT HHAMBHAAYATbLHO M MCHONB3YIOT Cpasy Mocie
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ux obpazoBanus npu B3aumonedcTeuu 30- wim 90%-#H nepexucu
BOZOPOZA M COOTBETCTBYMOIIEH KapOoHOBOM KUCHOTHL. IlepbeH3oiiHyro
U Mema-xJioprnepOeH30HHYIO KHCIOTH B HAcTOsIIee BpeMs MOIydaroT
OKHCIIEHHEM COOTBETCTBEHHO OCH30MHON U Mema-XxIopOeH30WHOU KHC-
1ot 70%-# nepekuchbro BOJOPOAa B PacTBOPE METAHCYIb(OKHUCIOTHI:

@-COOH + HO, m———— c”0 + MO
%2 TH,50,1; 25°C ~o—oH 2
(85—~90%)

HITH U3 XJIOPAHTHIPHUIOOB KHCIOT U IEPEKUCH BOIOPOAA:

0 Mgso 0
% 4 4
c + HQ : C + HO -+ NaCl
@ ~et 2°2 NaOnH; H,0-guoxcan @' ~o=oH 2

1
(70-75%)

MouonepdTaneByr0 KHUCIOTY MONYyYarOT MOHOOHBIM METONOM M3
¢ranesoro auruapuna u 30%-it nepexucH BOAOPOAa B BOAHOH MIENOTH:

?° 7’

~ 1)NaOH-H,0:; -5..710°C ~0-~0H
A+ W0 130%aa R, 50,; 0°C

% COOH

IlepBoHauanbHO A TIONYYEHHS OKCHPAHOB (3IMOKCHIOB) HCIIONB30Ba-
nach rnepden3oifHas WM MOHONEP(hTANeBas KHCIOTHI:

0
4 /N
CatsCH=CH, + cihec? C”C:g CoHsCH—CH, =+ CgH;CO0H
o-on (75%)
CHsz CHy
20
~0-0H + CHs o,
COCH
MoHonepdTanesas '(l)
KACROTa CH5=C=0 XOAecTepUnaLeTaT
CH, CHy
IHPup N CHg + @COOH
|C|) COOH
—C— 879 Tanesas
ChyC=0 (87%) qJKncnora

3NOKCHA, xonecTepuiauerara
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Ocobenno ynobeH METO ¢ UCIOIB30BaHNEM MOHONIEP(TaNeBOH KUCIIO-
Tel. MoHomnepdiTaneBas KHCIOTa XOPOIIO pacTBopuma B adupe, Toraa
KaK OIWH M3 IIPOAYKTOB peakuuu ((hranesas KHCIOTa) COBEPUIEHHO
HEPACTBOPUM B 3QHPE U O XOJI€ peaKlHH JIETKO CYIHTD II0 KOJIHYECTBY
BEIIENTUBINEHCS KPUCTAIIMYECKOH (TaIeBOH KHCIOTHL

B HaCTOAINEE BpEMSA JUISA DJMMOKCUAUPOBAHUS Hallle BCETO UCIIONB3YIOT
Mema-XJI0pnepOeH30HHYI0 KHCIOTY. B OTIHYHe OT ApYrHX NEpKHCIOT
oHa cTabuibHA TP XpaHEeHHH B TeYeHHEe JIHTEIBHOro BpeMeHH (1o 1
rona) u abcoaroTHO Ge3onacHa MmpH obpameHHH. BBIXoAbl OKCHPAaHOB,
MOYYEHHBIX MPH OKUCIEHHH AIMKIMYECKHX M LIMKIHYECKUX AJIKSHOB
Mmema-xJoprepOeH30MHON KHCAOTOH B pacTBOPE XJIOPHCTOTO MeTHIIeHa,
0OBIUHO OUEHBb BEICOKHE.

) CH,CL,
FM-ClCaH O — s 0 4  M-ClCgH,CO0H

(80%) 0
7N\

CHa{CH,)5~CH—CH, =+ #-ClCqH,CO0H .
(90%)

H(CHy)sCH=CH, + m-CLCEH,CO3H 57 “CHCTs

CHy H

: CHyCl,; £° A
>,=c: + COgHt —2 217, >c—<
H C00CH, d H CO0CHs
(70%)

IlepkHCIOTHI YacTO TEHEPUPYIOT NPSMO B PEaKIMOHHON CMECH U3
90%-i1 mepekucH Boaopona M KapOOHOBOH KHCIIOTHI B XJIOPHCTOM
METHJICHE.

L1,
CH3{CH,) CH=CH, + H.0,+CH; cooH ~220.CH4(CH, ) ,CH—CH, + H,0 + CH;CO0H .

(90% as) (80%) 0
Gfs M CH,Cl, CfiHs/\
=¢  + Hp, + CH,CO0H -+ H,0 + CH;COOH .
H CeHs  (90%-an) H CeHs
(70%)
0
(5 g
———
CHZC‘Lz
(87%)

ANKeHBI C JABOWHOM  CBA3BIO, CONPSKEHHOH C KapOOHHMIBHOH H
KapOOKCHIIBLHOM TPYNIOH MM APYTMM aKUENTOPHBIM 3aMECTHUTEIEM,
MaJOaKTHBHBI, M JUIS UX OKUCIIEHHs HEoOXOmMMO HCIOoNb30BaTh boee
CHIIBHBIE OKHMCINTEH, TAKHE KaK TPHPTOPIIEPYKCYCHYIO KHCIIOTY, [TONY-
YaeMylo U3 aHruapuna TpudTopykcycHoi kucioTsl 1 90%-i nepexucu
BOJIOPOZIA B XJIOPUCTOM MeTHIIeHe. AJIBTEpHAaTHBHBIM METO JIMOKCHIH-
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POBaHMS 3aKITIOYAETCS BO B3aUMOIEHCTBHY ajKEHa ¢ HUTpIioM ¥ 90%-1t
MEPEKUCHIO BOJOPOA:

/NH
RC=N-H,0, » R—C__
O—OH
NEPHMHAOKHCIIOTA
7 / N\ Vs

R + R'CH=CH, - R'"CH——CH, 4+ R—C

—C S
O—QH
NH,
[IpocTeHIIMH OKCHpaH — OKHUCh 3THUJIEHA — IIOJIYy4Yal0T B IIPOMBIII-
JIEHHOCTH OKHUCJIEHHEM JTHJIEHAa KHUCIOPOAOM B NPHUCYTCTBHM cepebpa
KaK KaTajau3aropa:
CH,—CH
Ag F) 2
CH,=CH, + O,
2 z+ 2 " 950—300°C \O/

2. anmu-I'MApoOKCHINPOBaHHE

TpexwieHHOE KONbIIO OKCHPAHOB JIETKO PACKpBIBAETCA IIOK JeHCTBH-
€M caMblIX Pa3HOOOpa3sHBIX HYKIEO(PHILHBIX peareHTOB. OTH peakiud
noapobHo Oymyt oOcyxmarbes B miaBe 11, MOCBAIIEHHOH anMKIHYe-
CKMM M UHKIHYECKHM TPOCTHIM 3¢HpaM. 31ech e OyIeT paccMoTpeH
TOJBKO THIPOIH3 3MOKCHAOB. ['MApOJIH3 SMOKCHIOB KaTaTH3UPYyeTcs
KaK KHCIIOTAMH, TaK H OCHOBaHHAMH. B oboux cnyuzasx obpasyiorcs
BHIMHAIbHBIC JUOJIEL, T. €. NIHKOJIH. [Ipy KHMCIIOTHOM KaTaiu3e B IEpBOH
CTaAHM MPOUCXOIUT NPOTOHHPOBAHHE aTOMa KHCIIOpOJAa 3IIOKCHAA ¢
00pa3zoBaHHeM HUKIHYECKOTO OKCOHMEBOTO KATHOHA, KOTOPBIH pacKpbl-
BaeTcA B pe3ynsTare HyKiIeohuIbHOM aTakd MOJEKYIIbl BOIBL:

H H *

; fo oo T iy
/N, ©® BbicTpo /\_/ HOH /N ~ | Bicrpo
YU e = c——Qc o=’ 2 s e—c + 4@
7N 7/ NMemeno| /N V4 lg
0. 0 OH
H/ \H H/ \H

KiroueBoil crazueil B paCKpBITHH KOJIBLA, OIIPENEISIOIEH CKOPOCTh
BCETO Ipolecca, SIBISeTcs HykieodunbHas aTaka BOJI0OH Ha IPOTOHUPO-
BaHHYIO ¢opMy sHokcHAa. C TOUKYM 3pEHHS MEXaHU3Ma JTOT IIPOIECC
AHAJIOTMYEH PACKPBITHIO OPOMOHHEBOIO HOHAa IIPH HYKIeo(hHIbHOM
arake OpoMuja-HOHa WiIM Apyroro HykieoduasHoro arenta. C 3THX
[TO3UIMH CTEPEOXUMUYECKUM pe3yabTaToM AOJDKHO ObITh 0OpasoBa-
HHE MpAaHC-TIUKONEH INpH paclieTyeHHH HUKIHYECKMX SIOKCHIOB.
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JelcTBUTENBHO, TIPH KUCIOTHO-KATAIU3HPYEMOM THAPOIH3E LHMKIO-
TeKCEHOKCHA MM LUKJIONEHTEHOKCHIa 00pasyIoTCst HCKIIOYHTEIBHO
mpanc-1,2-1u0NkL:

H H
H N
& /
H e
o s —— Do+
H (86%) “oH

TpaKc-1,2-UAK NONEHTaHA MO

TakuM o6pa3oM, IBYXCTaAHHHBIA IPOIECC DMOKCHUIUPOBAHUS al-
KCHa C HOCIEHYIOIIMM KHCJIOTHBIM FHAPOJIH3OM BIOKCHUAA CYMMAapHO
COOTBETCTBYCT PEaKIUH aHTUTHAPOKCHIHPOBAHUSI AJIKEHOB.

Obe cTaguu aHTUTHIPOKCHIHPOBAHUS AJTKCHOB MOXXHO COBMECTHTS,
ecnu ankeH obpabarwiBats BopHON 30-70%-# nepekuchio BOOpoOa B
MYpPaBbHHOM UIH TPUTOPYKCYCHOM Kuciore. OOe 3TH KUCTIOTH BIIf-
IOTCS JOCTAaTOYHO CHIBHBIMU IS TOTO, YTOOBI BBHI3BIBATH PACKPBITHE
SMOKCHIHOTO IUKIA, MOITOMY HMX KUCHOTH! OOBIYHO HCIIOIB3YIOT IS
aHMU-THIPOKCUIIMPOBAHUS ATKEHOB, HAIIPUMED:

OH

@ CF3C05H-H,0, (@2%)
CH,CL -

OH

OH OH

Hal ( 30%-~an Hzo2 [

- = —— — — 0,

z-C 3CH2)7CH CH CH2)7C00H W CH;(CH2)7 CH—CH (CH2)7C00H {80%)

ONIeMHOBAS KHCAOTA Tpe0-910-IAr nSPOKCHOKTATIEKAN0BAS KUCAOTA
Tpea-9,10- AMOKCHC TepHHOBaR KHCAOTa

PackphITHE DITOKCHAHOIO KOMbIlA, KAaTanH3UPyeMOe OCHOBaHHEM,
TakKXe MPUBOIHT K 00pa30BaHUIO mMpaHc-TUKOJIEH:

=]
QEH/\ o® | @(oﬁ__@n__. @(OH
0 H
H S H OH

Tpasc-1, 21K no-
MeHTaHZHoNA

CnefoBatTenbHO, NBYXCTAIUMHBIN NPOLECC 3IIOKCHAMPOBAHMS AJIKEHOB
C MOCJENYIONUM HICIIOYHBIM T'HIPOIH30M 3MIOKCHIOB TaKKe SBIACTCS
peaxuueit aumu-THIPOKCHINPOBAHUS aJIKEHOB.

Tpetuil coBpeMeHHBI METOX aHmuU-TUAPOKCHIUPOBAHUS alKCHOB
opur npennoxed u paspaboran K. Hpeso (1933 ). AnkeH HarpeBaroT
¢ WonoMm u OGenzoaToMm MIM aneraroM cepedpa B Oe3BogHoM OeH3zoiIe
unu CCly. mpanc-Ilpucoenuuesne K JBOMHOH CBS3H IEpPBOHAYaILHO
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HPUBOMHUT K 06pa3oBanHuio Hoaddupa, B KOTOpoM Hox fanee 3aMeriaercs
OeH30aT-MOHOM, H NOJTydaeTcs Qu0eH30aT ITIHKONAS.

o 0
CSHSCO Vi
REH=CHy + Ly ChsCO0Rg—> | ROt —»RCH—CHz—I———»RciH—cnzo—c\
CegH
0 0 6'ls
1 o 7 O‘Cé
CgHsCOO 0-C, N
ofts “CgHs CeMs

Peaknus IlpeBo B 0Oe3BomHO# cpene TPUBOAMT K 0Opa3OBaHHIO
TOTO K€ JIHOJIa, YTO M SMOKCHAUPOBAHUE AJIKEHOB C IOCIEAyIOIIHM
THAPOIIN30M:

1) 1,-CeHsCO0Ag; Benaon; 80°C

- = » CH,(CH —CH—(CH,).CO0H
ZCHCH, ) CH=CH(CH, ) COOH —33eor—m 3(CH,), CH—CH—(CH,) c00
oneMHogas OH OH (75%)
Kucaota 7pec-9,10-AM0OKCHOK T LeKAHOBAR KUCADTA

{rpeo-9,10-anoKcucTeapuosan  Kucnora)

’ 0
@ CgHsCO0Ag +1, [ 0—-0{/—(35?"5 Zuben3oar
Berson, 80°C -0 __c\\_ocsHs TpaHC-1, 2-4HKNIOreKCaHAM0
H
(44%)

Taxum obpasom, peaxmus Ilpeso mpencrasnsier coboii bonee noporo-
CTOSIIYI0 MOAM(PHKALMIO JPYTHX METOJOB aHmu-THAPOKCHINPOBAHUA
ankenos. OJIHAKO JJisE YYBCTBUTEJIBHBIX K JEHCTBHIO KHCIOT COE/H-
HEHHUI{ 3TOT METOJ UMEET OYEBHHBIE NPEUMYIIECTBA MEPe]] METOIOM
AHMU-THPOKCHIIHPOBAHUS C HOMOIIBIO NTEPEKHCIIOT U MOCIENYHOIEro
KHCIIOTHOTO THIPOSIH3a 3MOKCH A,

3. cun-I'ngpoKcUIMpoOBaHHE
Hexoropbie comu M OKCHIB IEPEXOAHBIX METAUIOB B BBICIIHMX
CTENEHAX OKHUCJIEHHS SBIAIOTCH S((EKTUBHBIMH pPEareHTaMH CuM-
THAPOKCIIMPOBAHHUS IBOWHOI CBA3M aJIKEHA, KoTAa 00 ruIpOKCUILHBIE
IPyIIbl TPUCOEAMHAIOTCA C OJHOM M TOM XK€ CTOPOHBI JBOMHOMN CBS-
3u. OKUCJIEHHE AIKEHOB MEPMAHTaHATOM Kallui — OAVH H3 CTapeHIInX
METO/IOB CUH-THAPOKCHIMPOBAHUS IBOMHON CBI3M — IPONOJIKAET IIH-
POKO HCIIONB30BATHCS HECMOTPS. HAa CBOMCTBCHHBIE €My OTpaHM4eHHS.
yuc-1{uxknorekcanauon Obu1 Brepswle NodyueH B. B. MapkoBHHMKOBBEIM
eme B 1878 I. ruApOKCHIIMPOBAHUEM IIUKIIOFEKCEHA BOIHBIM PacTBOPOM
nepMaHranara kamus pu 0°C.
KMnO, or
@ HOH; 0-5°C; pH=75-8 " (I + Mn0; + KOH
OH
(37%)
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OTOT MeTon B JanbHeHIIeM MONyYu pa3BUTHE B paboTax pyccKoro
yuenoro E. E. Baruepa, H03ToMy cuH-raIpOKCHIMPOBAHUE aJIKEHOB TOL
JiefiCTBHEM BOJIHOTO PAacTBOpa MEpPMaHTaHaTa Kajiusi HOCHT Ha3BaHHE
peaxyuu Baznepa. TlepMaHTaHAT Kanus ABISETCS CHIBHBIM OKHCIUTE-
JIeM, CIIOCOOHBIM HE TOJNBKO MMAPOKCHIMPOBATH ABOHHYIO CBSI3b, HO H
paciiemisTh 00pa3yroMmuics BUIUHAILHBIH JHOoI. YToOBI 110 BO3MOX-
HOCTH M30€XaThb NalbHeWINero paciieryieHusi IIUKoIed, HeoOXORUMO
TIAaTeAbHO KOHTPOIHPOBATh YCIOBUA peakiu. Hannyunide pesynsra-
Tht JOCTUTANOTCA TP TUAPOKCHIMPOBAHUH AJTKEHOB B CIa0OIIEeNIOUHON
cpene (pH~ 8) mpu 0-5°C paszbaBieHHBIM ~ 1%-M BOTHBEIM PacTBOPOM
KMnO,. Tem ue MeHee BHIXOABI THKOJEH 00b1uHO HeBermukH (30-60%):

CHy CHy
KMnO4 --0H
CHy H,0-aueton; 0-10°C —=CH; (45%)

\

OH
yuc-1,2- fuMeTuau MK NonesTax guon-1,2
KMnO,

cnvpT-Boga; 0-10°C

ClCHz(l:H—CH=CHZ
Ct

> CICHZ—(EH—(I:H—“CHZOH (56%)
[
n04

Z—CH;(CH2)7CH=CH(CH2)7COOH sonz; 0-10°C; PH'—'B

onenHoBas Kucaora

CH3(CH2)_',—(;H—(I?H—{CHZ)_’COOH (81%)

QH QH
3purpo~9,10- AMOKCHOKTAREKAHOBAS KUCADTA
(3purpo-9,10- fMOKTUCTRApUHOBAS KMCAOTA)

[TepBoHayalbHO IPH OKUCIICHUH aJIKEHOB [IEpMaHTaHATOM Kanus obpa-
3yeTCsl HUKITHIECKUH 3QHp MapraHIeBOd KMCIIOTHI, KOTOPHIH HEMEUIEH-
HO THAPOJIM3YETCA 10 BULMHAIBHOIO JU0a:

N
0] OK
uuKInyeckui sup
MapraHneBoif KHCJIOTBI

Rl RZ

HoH, >c—c< +MnO, + KOH.
v’ w
OHOH

Iuxnudeckuit 3¢up MapraHieBod KUCIOTHl KaK MHTEPMEIHAT HU-
xorna He ObUI BBIZIENICH, ONHAKO ero o0pa3oBaHHME CIEAyeT M3 JKC-
IIEpUMEHTOB ¢ MeueHHbIM 80 mepmanranatom kaaus. K. BaitGepr
¢ corpymuukaMu (1957 1) noxazamm, uro ob6a aroma KHCIOpoja B

428



IIMKOJIE OKAa3bIBAIOTCH MEUEHHIMH IPH OKMCIeHMH ankeHa KMn!30,.
210 03HauaeT, 4TO 00a aToMa KHUCJIOPOAa NMEPEXONIT OT OKHCIUTEI, a
HE H3 PACTBOPUTENS — BOMBI, YTO HAXOJUTCS B XOPOIIEM COOTBETCTBHH
C mpejuTaraéMbIM MEXaHH3MOM.

Hpyroit MeTol cun-TUIPOKCHIIHPOBAHHS ATIKEHOB IO IECTBHEM OK-
cuna ocMus (VIII) OsO, 651 npensioxeH P. Kpure B 1936 . Terpaoxkcun
OCMUSA MPEACTaBaseT coboll OeclBeTHOE, KPHCTAIIIMYECKOE BEIECTBO,
XOpOLIO pacTBOpUMoe B 3¢upe, THMOKCaHe, MUPHIHHE U APYTHX opra-
HHYECKHX pacTBOpUTEHAX. IIpd B3aUMOAEHCTBUM TETPAOKCHAR OCMHS
¢ ajikeHaMu B 3¢Qupe WM IHOKcaHe 00pa3yeTcs YepHBIH OCaJoK IHK-
AUYECKOro 3hUpa OCMUEBOM KUCIOTH — OCMAT, KOTOPHIN JIETKO MOXET
ObITh H30JHMPOBaH B HHAUBHMAYyasdsHOM BHAE. IIpucoeaunenue OsOy K
JIBOHHOH CBSI3H 3aMETHO YCKOPSIETCs B pacTBOpe MupuauHa. Pasnoxenue
OCMATOB [0 BHUIMHAIBHBIX TTHKONEH JOCTHIaeTCsa AEHCTBHEM BOIHOTO
pacTBopa ruApocyibduTa HaTPHA HITH CEPOBONIOPOIIOM!:

1 2
1 2 . \C_C/R
R R e ~
Sc=c{ +0s0,—22__, H | | H
H \H WIK NUPHARH O\ })
Os
&
o” Yo
R! R? HO O
Vs
NaHSO3~H»>0O >C C< " >OS<
ammzi{zsz H I I H HO O

OH OH

Brixonni HOPOAYKTOB CUH-TUOPOKCHIINPOBAHHMSA AJIKCHOB B 3TOM MC-
TOOC 3HAUHUTCIBHO BBIIIC, YEM IIpH HCIIOJIB30BAHHM I[I€pMaHraHara B
Ka4eCTBE OKHCIHTEIS. BaXHBIM HOCTOHHCTBOM METOXIA Kpnre ABJIA-
€TCA OTCYTCTBHME INPOAYKTOB OKHMCIHUTEIIBHOIO PACHICIICHHSA AJIKCHOB,
XapaKTEPHOTO JJIA [I€PMAHIaHATHOI'O OKHUCJICHHA!

CH CH
] 0 v
+ 050 NUPAGUH O\OS/ NaHS0; t —=OH
CH ’ \ o §0 H,0 @:OH (67%)
3 "CH “CHs
O 1) 0504 ~MupUaUH O:OH (98%)
2)NaHSO5-HO OH *
HO OH

1) 0504~ 3pup
@‘O ONaHSO;HO O‘O

auesaprunen

(98%)
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TeTpaokCH OCMHUA — JOPOTOi M TPYAHOROCTYIIHBIA PEAreHt, K TOMY
ke OH oueHb TokcHueH. [lostomy oxcua ocmus(VIII) mcmonb3yercs
JUIS CHHTE34 MajIbIX KOJIHYECTB TPYAHOJOCTYIIHBIX BEILECTB C HENBIO
noJyYeHMs: Haubosee BBICOKOIO BBIXOZA AMONA. [Jlnd yIPOMIEHHS CuH-
THIPOKCHIIHPOBaHHsA ankeHoB mox aeiictBueM OsO4 Obina paspaborana
METOHKA, IO3BOJIAIONIAN HCTIOMB30BaTh JIUIb KaTAIHTHIECKUE KONHYE-
CTBa 3TOr0 peareHTa. | HAPOKCHMIHPOBAHHE AJKCHOB OCYMIECTBIAETCA C
HOMOIIBIO TTEPEeKUCH Bofopona B npucyTcTBud OsOy4, HatpuMep:

H
’
004 CCOH
+ H0 (58%)
O [T e, o °
H

WHTEpEeCHO OTMETHTH, YTO BBICIHME OKCHIBI APYIHX IEPEXOOHBIX
meTaiioB (V,0s; WO;3, MoO3 u Ap.) KaTanM3sHPYIOT aHmu-THAPOKCH-
JTHPOBAHUE AJIKEHOB.

P. Byasopa B 1958 ©. npeasioxu anbTepHATUBHBIA TPEXCTa MHHBINH
€110co6 cun-rUAPOKCHIMPOBAHNS ankeHoB. [lepBoHaYaNBHO ANKEH mpe-
BPAIIAlOT B mpaHc-HONAUeTaT B PE3yNbTaTe B3AUMOIEUCTBHS C HOIOM H
aneraroM cepebpa B YKCYCHOH Kuciore. 3aTeM TajioreH 3aMemialoT Ha
OKCHIPYIIIY IIpH 06paboTKe BOAHOMH YKCYCHOM KHCIIOTOH IpH Harpesa-
uun. [Tocnennss CTanus 3aKiI09aeTcs B THAPOIUTHIECKOM OTIIEMIEHHH
alleTaTHOH IpyIIIILL:

H
1) I,; CH;CO0Ag Ol
————————————-

O 2)CH,CO0H+H,0 O;OH 66%)
3) rugponus "

B 3ax/oueHue TONO pasfiena IpHBeeM CTEPEOXHMHYECKHE OTHO-
[WICHHSA MEXAY AIKEHOM yuC- WIH mparc-KOHGUIypauyu u KoHQuUrypa-
Heif 06pasyromerocs BUIHHAIBHOTO IIHKOJS, KOTOPBIH MOXET ObITh
yuc- WIIH mpaHc-N30MeEPOM, opumpo- Wil mpeo-hopmoit, mezo- umu d-,
/-popMO¥ B 3aBUCUMOCTH OT 3aMECTHTENIEH B aJIKeHe:

CUR- aHmu-
rJIHKOB
THJPOK- -
ap — Huc-, spumpo- BWam THApoK
CHJIHPOBaHHe Me30-HOpMEL CHAMpOBaHHe
yuc-anKex Mpanc-ankex
anmu- CUH-THAPOK-
THJPOK- IJIHKOAD CHJIHPOBaHHE
>  MPaHc-, mpeo- HIA <
CHJIM POBAHHE d, i-popmu

AHAJOTHYHBIE CTEPEOXMMHYECKHE OTHOIICHMS HAOMIOMAl0TCa U B ApY-
TMX PpEaKUHSX CuH- HIM aHMU-TIPUCOEIUHEHHs I10 KPaTHOH CBSA3M
BOZOPO/IA, TaOTEHOBOAOPOAOB, BOABI, TaJIOTE€HOB, TMAPHAOB Oopa H
JPYTHX PEeareHTOB.
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5.4.5.6. OKMCJIMTEJIbHOE PACIIETUIEHHE AJIKEHOB

Ilpx OKMCIIEHHU AJIKEHOB MIETIOYHBLIM BOJHBIM PACTBOPOM HEpMAaH-
ragata Kajuus IIpd HarpeBaHud MM pactBopoM KMnO, B BOIHOI
CEPHOH KHUCIO0TE, a TAKXKE [IPH OKHCIECHHNH AlKCHOB PacTBOPOM OKCHIA
xpoMa(V]) CrO; B YKCYCHOH KHCIIOTE€ HIH AUXPOMATOM Kajus H
CEepHOHN KHUCIOTOH NMEepBOHavYaIbHO O0pazyromMics DIHKOIbL ITOJBEpra-
eTCs OKHCIUTEIBHOU AecTpyKIuU. KOHEYHBIM De3yIbTaToM SBISETCS
paclIeIuIeHHe YIIIEPOOHOro CKENeTa [0 MeCTy ABOMHOM cBA3H U 00pa3o-
BAaHHE B KaYeCTBE KOHEYHLIX NPOAYKTOB KETOHOB M (M) KapOOHOBBIX
KHCJIOT B 3aBHCHMOCTH OT YHCJA 3aMEeCTHUTenel NpH ABOHHOR CBSA3M.
Ecau oba aroma ymiepona HpH ABOMHON CBSI3M CONEPXKAT TOJBKO IO
OIHOH aNKWIBHOH Tpynne, KOHEYHBIM MPOAYKTOM HCUYEPIIBIBAIOIIETO
OKUCIeHHs OynerT cMech KapOOHOBBIX KMCIOT, T€Tpa3aMeINeHHBI npu
JBOMHOM CBS3U AJIKEH OKUCIAETCS A0 IBYX KeTOHOB. ONIHO3aMelleHHbIE
aJIKeHbl C KOHHEBOH NBOIHOU CBA3BIO PACILEIUIAIOTCS A0 KapOOHOBOM
KHCIIOTHI M YIJIEKHCIIOTO rasa:

R!CH=CHR? —M1%_, RICOOH +R2COOH
H,S0O4+H,0 KapOOHOBbIE KMCIOTHI
RCH=CH, szcm RCOOH + CO,
2504+H;
Rl R3 R] 3
>c=c< _KMn0, >c=o+o=c<R
RZ R4 HzSO4+H20 R2 R4
KETOH KETOH

Peaknuy HCUEPIIBIBAIONIEI0 OKHCICHHS aJIKEHOB HMEIOT OrpaHHYeH~
HOE 3HA4YCHHE TOJBKO IUIA OIPEACHCHUS CTPOCHHS HCXOJHOIO ANKEeHA
IO NPOAYKTaM AECTPYKTHBHOTO OKHCIEHMS. OJTH PEaklMH HE HrPAIoT
3aMETHOH POJIM B CHHTE3e¢ KETOHOB H KapOOHOBBEIX KHCJIOT, IIOCKONBKY
BBIXOIBI IPOAYKTOB HCYEPIBIBAOLIETO OKKCICHUS STHM clIocoboM HeBe-
k!, Topasno Gonbmiee MpenapaTuBHOE 3HAYEHHE TPHOOPENTa PEaKITHs
030HOIM3a aJIKEHOB.

5.4.5.s. O30HOJIM3 AJIKEHOB

Peaxuus alkeHOB C O30HOM SBISETCS Ba>KHBIM METOJOM OKHCJIH-
TEIBHOTO PACIIENICHHs alIKeHa 110 ABOMHOM cBI3M. B TeueHue MHOIMX
JeCSITHIETHH 3Ta PeaKIys CIyXUja OCHOBHBIM METOIOM OTIpEIeICHH
CTPOECHHS HCXORHOrO YINIEBONOPOAA, a TAKKE HaXOAWJIa IPUMEHEHHE B
CHHTe3e pa3HO00pa3HBIX KapOOHUIIBHBIX cOeNUHEHUH. Peakuus ankeHa

I Onuaxo B ycnoBusx memdassoro xaranusa (cM. 1. 12) BIXOAB MPOAYKTOB OKMCICHHS
pocturailoT 80-95% ¥ 3Ta pa3sHOBHAHOCTL OKHCIHTENBHOM ACCTPYKUMM HAlUIa NIPUMEHeHHe B
OpraHH4eckoM CHHTE3e.
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C O30HOM IIPOBOAMTCS IIpomycKaHueM Toka 5-10%-ro pactBopa 030Ha
B KHCJIOPOZIE B PacTBOp alkeHa OOBIYHO B XJIOPHCTOM METHIIEHE WM
stanagerare npd —80... — 100°C. OxoHuaHHE peaKIUH KOHTPOJIH-
pyercs mpoboit Ha cBOBOOHBIH 030H ¢ HomguaoMm Kamgusa. MexaHuM
3TOM cBOE0OPa3HO U CIOXHON peakiiuu YCTAHOBIIEH TIIaBHBIM 00pazoM
Onaronaps paboram P. Kpure B 1950-1956 rr. IlepBeiM npomykToM
1,3-AUNONAPHOTrO LUKIONPHUCOECIMHEHHUS K ABOHHOMN CBA3M ABISAETCS TAK
Ha3bIBaeMbii MOJb0O30HUA (1,2,3-TpuokconaH). DTOT aJoyKT HecTabu-
JIeH U Aajlee pasjaraercs ¢ pacKphITHEM IHKIA ¥ 00pa3oBaHHEM B Kaue-
CTBE KOHEYHOT'O IIPOAYKTAa HopMaibsHOro o3ouuaa (1,2,4-rpuokcosnana):

/

~

cm==( Se—cl 5
51 e g S | — NN
:-Oo 7..: -o- .0. /c\ /c\
&7 NS ., o
8 N g—10
MONLOIOHUA, 030HAA,
(4,2,3-TpuoKconan ) {1,2,4-Tpuokconan)

B Hactosmiee Bpems oOlIENpH3HAHO, YTO NPEBpAIEHHE MOIbO30-
HHAa B OOBIUHBINH O30HHJ MPOHCXOAUT [0 MEXaHH3MY paclICMIcHHSI —
pexoMOnHan¥u. MoNb030HHI TIpeTepreBaeT CaMOIPOH3BOIBHOE pac-
KpBITHE HecTabHIbHOTO 1,2, 3-TpHOKCONaHOBOrO [IUKIa ¢ 06pazoBaHuEM
KapOOHMIIEHOTO COEIMHEHNS U OHITONSAPHOTO HOHA, KOTOpHIE Aajlee pea-
THPYIOT MEXTy CO0OH Takke Mo cxeme 1,3-IHINONISIPHOTO ITUKIOHPHCO-
equHeHus (moIpobHee 0 peakuHIX JUMOMAPHOTO LIMKIONPHCOEMHEHHS
CM. B IL. 25):

1 2 1
R R .
N/ N ¥ s N
C C €~ \ \ / N/
A0 N, |penan | N\ @ C/ pexombuHaUMA ¢ ¢
H 6 \ H _— .Q \ 2 ———— 1/\ /\Rz
0z :0: \8 R R 5 5
\59/ Gunonsiprbiin AABAEMA - hs
" WOH
MONLO30HUE, 030HMA,

[IpuBenenHass cxeMa HeperpylnnupoBKM MOIBO30HHIA B HOPMAaNbHBIH
030HHI IMOATBEPKIACTCSA TEM, UTO €CIIH O IOIHOIr0o o0pa3oBaHUS 030-
HUIIA B PEAKIHOHHON CMECH MPUCYTCTBYET B KAYECTBE (IIEPEXBATUMKA»
OUIIONSPHOrO MOHA JIpyroe KapOOHHIIBHOE COeOUWHEHHe, TO oOpasy-
FOTCSA TaK Ha3blBaEMbIE «CMELIaHHbIE 030HWB». Tak, Hanmpumep, NpH
030HOMM3E YuC-CTUIBLOEHA B NPUCYTCTBUH OeH3asIb/eruaa, MEYEHHOTO
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H30TOIIOM 180, METKa BXOOHT B COCTAaB 3(prHOI“O, a HC HNEPEKUCHOIC
MOCTHKa O030HHOA:
150 0—0

Vi 03 « N, A
CgHsCH=CHCgH + CgHeC cahs—Cl__
615 65 65 T 65

Ny CHQL;-80°C 180/ \

DTOT pe3ylbTaT XOpOILO COracyercs ¢ oOpa3oBaHHEM CMENIAHHOIO
030HHA MPH PEKOMOHHAIUY OHITOIIIPHOTO HOHA C MEYEHBIM OeH3allb-

JACTHIOM!

18 /H
0= et CeHs
RN ﬁ\sc/ \ /
CoHsCtep O /Ny e \y

Ecnu mpH 030HONIH3E B KAYECTBE PACTBOPHTENICH HCIONB3YIOT CIIUPTHI,
HaIpUMep METAHOIL, TO OUIIONAPHBIA HOH, 00Pa3yIOUIHIICS IIPH pacien-
JIEHHU MOJILO30HHK]IA, YIIaBIUBAETCS B (DOPME (-THAPOKCHUIIEPOKCUTHOTO
npocroro 3dupa. JTO MpenoTBpallaeT JATbHEHNIYI0 PEeKOMOHHAITHIO
OUIIOJAPHOrO HOHA C KapOOHWJIBHLIM COCOUHEHHEM, YTO IO3BOJLICT
BBIIETIUTH KapOOHWIbHBIE COSAMHEHHs, 00pa3yIoluecs Ha CTaHH pac-
LIETUIEHS] MOITBO30HUAA:

& O
R,C=0—-0+CH;0H — R,—C—0OCH;
O—-OH

CH;0H

CsH;CH=CH, +O3 C6H5CH OCH;+

O—OH
(31%)
O_CH3
//O
+CH2—O—OH+C6H5C\ +CH,0.
H

(23%) (26%) (27%)

HecMoTps Ha CIIOXKHBIH MeXaHHU3M 030HOJIM33, 3TA PEaKUus IO CHUX
IOp SIBISETCS [JABHBIM METONOM pACUICIUIEHUS ABOMHBIX YIIEPOL-
YIIEPONHBIX CBsA3el Kak C IeJIbI0 JOKA3aTellbeTBA CTPYKTYPhl alIKeHa,
TaK ¥ 7S CHHTEe3a Pa3NInUHbIX KapOOHHIBHbBIX COSTHHEHMMN.

O30HUABI IPEACTABAAIOT CODOM OUeHb HeCTaOHIBHBIE COETHHEHN,
pasyararonigecs co B3pbiBOM. Kak NpaBullo, ¥X He BBIAENSIOT HMHAK-
BUIYaJIbHO, @ PACILEIUIAIOT HPH ACHCTBHHE Pa3HOOOPa3HbIX PEAarcHTOB.
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CnenyeT pas3janudarb BOCCTAHOBHUTEIBHOC H OKUCIIMTECIIBHOE Pa3JIOKEHHC
O30HH0B. HpI/I FUAPONIU3E O30HH/IBI PACHICIIIAIOTCA Ha Kap6OHI/IHBHLIe
COCJHHEHUS H ITEPEKHCH BOAOPOAA. Hepexncs BOAOPO/Ia OKHUCIIACT allb-
ACTUIbI 10 KapﬁOHOBbIX KHCJIOT — 3TO TaK Ha3bIBACMOC oKuciumenibHoe
Pas3nooceHe 030HUDO8!

R' o—o0 R? R o0— R 0—OH R?
N X+ Hon—s \/ %‘c/ — 7 + 0=¢/ —
/-0 \ // A VAR
H H H”oh H-L0 ~H H oH H
0 0
Y Vi
—i” +rR7 4 Ho ——— RlcooH  + RCOOH .
Nu AN 272
H

lopa3no Gonee BaxkHOE 3HAYEHHE MMEET BOCCTAHOBHUTENHHOE paclel-
JIeHHe O30HUAOB. B KadecTBe BOCCTAHOBHTENEH HCIIONB3YIOTCS UHK H
yKCycHasl kuciora, Tpudenmwidochun win guMmetwicyasdui. B sToM
Clydae KOHEUHBIMH IIPOAYKTAMH O30HOIH3a OKa3bIBAIOTCS ajlbACTHIIbI
HJTH KETOHBI B 3aBUCHMOCTH OT CTPOSHHS HCXOJIHOIO aJKeHa:

]
1) 05 8 CH30H; ~78°C 0 P
1) W C=CH, o e, < +cn——s< + =7
? (73%) CHy H
) ﬁ 1)03 8 CHCLy; 78°C_ 7 | +
N 2) Na,S0;— HOH N <
¢y N CH=CH, s N? H
(80%) H
CHyCH,  CHy  1)05; CH,CL,; -78°C N
3 Se=cC >77n—CH -COGR cHyec? 4 cHaCHo
HyC H : (s0%) ™
th 1)05; CH,CL, ; ~78°C A
4) O/ N e —— CH—CZ(CHZ)“C
2) HyfPt (6% M

MexaHNU3M NPOUCXOAAIIMX IPH 3TOM MpPeBpaIlleHHH MOXKET OBbITh Npen-
CTaBIICH CIAEOYIOIUM 0bpa3oM:

R, 0 / ?j (o R R’\ R3\
¢ =0 c=0 + HO
AN \ R? \"‘/ \ Rz/ + pt” +

Taxum obpazoM, reTpazaMelleHHBIH IOpU IBOHHON CBA3M AJIKEH NPH
030HOJTM3€ U TIOCIIENYIOIIEM BOCCTAHOBHTEIBLHOM Pa3iloXeHNH o0pasyeT
J1Ba KCTOHA, TOIIa KaK TPU3aMEeLICHHbIH AIKEH JaeT KETOH U allbAeTHL.
JH3aMeniedHslii CHMMETPHUYHBI alKeH NOpH O30HOIHM3e obpasyeT ABa
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IBJErH/Ia, 4 AIKEHBI ¢ KOHIEBOH IBOIHOMN CBA3bI0 — (hopManbIeru:

1)05 8 CH,CL,; -78°C PN
ZCH{CH,), CH=CH{CH,) COOCH,8 3} 20 T CHC00M CHz(CH2)7C\H+ ' C-{tH,),£00CH;

(79%)

C/CH3 1)03 B8 CHZCI,_; -78°C - O=o + O=C/CH3
< > \C 2)Zn-CH,CO0H-H,0 \CH3

Hs (84%)

HurtepecHolt Mopudukanued O030HOIU3a sABISETCH METOH, [H€ B
KauyecTBE BOCCTAHOBHTENS O30HHUIA UCIOIB3YeTcss OOpPrUApHi HATpPHA.
B 3TOM cilyyae KOHEYHBIMH HPOJYKTaMH PEAKLHH OKa3piBalOTCd Iep-
BUYHBIC W/IH BTOPUYHBIC CIIUPTHI, 00pa3youecs IpU BOCCTaHOBICHUH
COOTBETCTBCHHO aJIBACTHJIOB H KETOHOB:

CH3CH2CH2\C_C/H 1)03; CH,Cly; ~78°C
VAN i
H CH2CH2CH3 2)NaBH4; CH3;0H

i CH3CH2CH2 —CHQ —OH
(95%)

O 1)O3; CH2Cly; —78°C HOCHz(CH2)4CH20H
2)NaBH4 —CH30H (63%)

1)O3; CH-Cl; —78°C
2)NaBHy; CH;0H

— CH3CH,0OH +HOCH,(CH,);COOCH;
©1%)

CH;CH=CH(CH,);COOCHj

O30HONU3 aIKEHOB — 3TO CJIOKHBIH, TPYAOEMKHIT U B3PHIBOONIACHBIH
npouecc, TPeOYOMMH TPEMEHEHHS CHEIMANBHON anmapaTypsl. [1o sToi
pHYHHe OBUTH pa3paboTaHbl APYrue METONbEl OKHCIUTEILHOTO PacIlen-
JICHHSI aJIKEHOB JI0 KapOOHHUIIBHBIX COEUHEHHUH M KapOOHOBBIX KHUCIIOT,
KOTOPBIE C YCIEXOM 3aMEHSIOT PEaKUUI) O30HOIM3a B CHHTETHYECKOM
TIpaKTHKE.

OnuH U3 COBPEMEHHBIX IIpENapaTHBHBIX METOAOB OKHUCIMTENHHOH
JIeCTPYKIMH alIKeHOB ObLI IpennoxkeH B 1955 . P. Jlembe. B ocHo-
BE€ 3TOI'0 METO/d JIEXKUT TMAPOKCHIMPOBAHHE AJIKCHOB C HOMOIIBIO
[IEpPMaHIaHaTa Kajusg ¢ NOCISAYIONIMM PacIlelIeHUEM BHIMHAIBHOTO
muKoas nepidomarom Harpus NalOs npu pH~ 7-8. Ilepiiogar cam
mo cebe He B3aMMOAEHCTBYyeT ¢ aimkeHOM. [Ipoaykramu 3TOro AByX-
CTaJUMHHOIO OKHCIUTEIBHOIO PACHICIUICHHS! SIBJSIOTCS KETOHBI MM
KapOOHOBBIE KHCJIOTHI, TOCKONBKY aNbJETHABI B 3THX YCIOBHSIX TaKKe
OKHCTAITCS N0 KapOOHOBBIX KHCIOT. B Merone JleMbe He BO3HHKAET
TPYIOEMKOH IpoOiIeMbl OTAEHEHHs OJHOIO M3 NPOMYKTOB PEaKIUH —
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ABYOKHCH MapraHiia, TaK KaK ¥ JABYOKHCH MapraHila H MaHIraHat BHOBb
OKHCJIIAKOTCA HepﬁOIIaTOM A0 nE€pMaHraHaT-HOHA. 3TO TIO3BONAET HC-
IIOJIL30BATH TOJIBKO KaTaJdHUTHYCCKHUE KOJIMYCCTBA IICpMaHraHara KaJius.
Huxe IIPHUBEICHBI HEKOTOPLIC THIHYHBIC NPHMEPBI OKHCIIATCABHOTO
pacClICiUICHHs aJIKCHOB 110 MCTOAY Jlempbe:

R!CH=CHR? — M0 R1COOH +R?>COOH.
NalOy, 5—10°C

pH ~ 7+ 8 anleton—Boga wiu  Boga—mpem-OyTHIIOBBIN CIIHPT
CH 0
2 KMn0, " /0
—— —
CH, Nal04;0-5°C CHy + \OH
CH, BOJB-LETOH CHs
Kampenunon

HutpoHennon — cuupT, BXOASIIME B COCTaB pO30OBOro Macia, Macia
TepaHd W JIMMOHA, — OKUCJISIETCS CMECBIO IIepMaHraHaTa Kallud M Ie-
pionata Hatpus B BogHOM auetoHe mpH 5-10°C go 6-ruapokcu-4-
METHITECKCAHKapOOHOBOMH KHCIIOTE! ¢ KONMYECTBEHHEIM BEIXOJIOM:

H,C H
\ 7

N\ H

H,C  CH,

H, H,OH ___KMnO,; NalO,
N\

H
L,
AN
H,C CH,~CH,0OH (100%)
<> |

sopa—aneron; 5—10°C "
H,C O
N “oH
H,C CH,
HHTPOHE/TOA

OTHM MeTOJOM OLUIO YCTaHOBJICHO CTpoeHHe (HepoMOHa (IIOIOBOTO
aTTPaKTaHTAa) HEMapHOro IIENKOIpsaa. PeareHT OKHCIIeT TOJIBKO ABOMH-
HYIO CBA3b, HE 3aTparvBas OKCH- H alleTOKCHIPYIIILY.

CH3 (CH2)5 CH_CH2CH=CH_(CH2)5CH20H—*

O—COCHj; depomon nenapHoro menxonpsaa

KMnO;—KIO4—-K1:CO //O
3 CH3(CHy)s CH-CH,—C7. +
BOJa~—mpem-OyTHIIOBLIH CupT \H

O—COCH;
(92%)

N
+ ~C—(CH,)s—CH,0H
HO
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B Apyroif pa3sHOBHAHOCTH 3TOr0 METOJa BMECTO IepMaHraHara
Kalusd MCIONb3YIOT KAaTaTHTHYECKHE KOJMYECTBA TETPAOKCHAA OCMHS
(Jlempe, IxoucoH, 1956). Ocoboe nocromdcTBO KoMOHHamHH OsOy
u NalO, 3aknrouaercs B TOM, YTO OHA ITO3BOJISIET OCTAHOBHTH OKMC-
JeHWe Ha CTAamuH agbaeruna. TeTpaoKCHI OCMUS IIPHCOEAHHAETCS K
JIBOMHOH CBS3H ajikeHa ¢ 00pa30BaHUEM OCMAaTa, KOTOPEIH OKHCIAETCS
nepruoaaToM HaTpHs A0 KapOOHUIBHBIX COCIHHEHHMH ¢ pereHepaudei
YETBIPEXOKUCH OCMUSL:

R?
RICH =CR?*R® -2« _,. RICH—C Nalo,_
abup l I\ sopa
O O R
N/
AN
A\
O/ 0O
O O
/
- RIC/ + R”C/ + 0sO, + NalO;.
AN N
H R?®

BMecTo TeTpaokcH1a OCMHS MOXHO HUCIOIB30BaTh M TETPAOKCH]T pyTe-
Hua RuQ4. OxucnutensHas AeCTPYKIHs ankeHoB 1o Jlempe—/KoHCy
TIPHUBOJUT K TEM 3K€ IPOAYKTaM, 9TO ¥ O30HOIH3 C BOCCTAHOBHUTEILHEIM
PacIIeIIeHHeM O30HUIOB:

N’
N 1) OsO,—3d: \H
) 4 —3R] N
l " 2) N.xo._a.,:;' o) (77%)

V4
o)

CH,(CH,),CH =CH, —1L OQs—miokean ____ CH,,(CH,).Cf (68%)

2) NalO,—soga 25 °C
H

B repMuHax, XapaKkTepHBIX IS COBPEMEHHOH OpraHH4eCcKOi XUMHH, 3TO
o3HauaeT, 4ro KombuHauus OsO,—NalO4 npexcrasnser coboi curme-
MuvecKull IK6UEAIeHm PEAKIUH 030HONN3a AJKEHOB C TIOCIEAYIOMNM
BOCCTAHOBHTENHHEIM PacIlieIeHHeM. AHAIOIHYHO OKHCIICHHE aJIKEHOB
CMECBIO TIepMaHraHaTa H Iepiojara — 3TO CHHTETHYECKHI SKBHBAICHT
030HOJIH3a ¢ OKHCITHTEIBHBIM pa3ioKEeHHEeM O30HHUIOB.
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5.4.6. TMAPOBOPUPOBAHHE AJIKEHOB

Ota peakius Obiia orkpeita I. BpayHOM CpaBHHTENBHO HENABHO,
B 1959 r, TeM He MeHee B HacTOsIIEe BpeMs OHA IpHOOpesa O4eHb
GoinpiIoe 3HAaUEHHE B OPTaHHYECKOM CHHTe3e, 0COOEHHO B MHOTOCTa-
JUAHBIX CHHTE3aX OHMOJIOTHYECKHM aKTHBHBIX NMPHPOAHBIX COCTUHEHUI:
BHTaMHHOB, (€POMOHOB, JIEKapCTBEHHBIX BelecTB U 1p. ['mapobopupo-
BaHHME aJIKeHOB IIpeJcTaBageT coboi IpucoeaHEeHHE THAPUIOB bopa o
IBOHHOM cBa3u. Ilpocrefimmuit runpun 6opa, 6bopan BH;, HenssecreH.
D10 coenHMHEHHE sBIsAETCS KpaiHe HecTaOWIIbHON Kucnoroil JIpromca
C CEKCTeTOM OJIeKTPOHOB Yy aroma Oopa. BopaH caMonpou3BONBHO
Jumepu3yeTcd B Dosiee cTradmibHbI qubopan. Jlnbopan uMeeT HeoObIY-
HYI0 MOCTHKOBYKO CTPYKTYDPY, XapaKTepHYIO M IeKTPOHOAehHIHT-
HbIX MolleKyl1. MocTukoBas cTpykrypa B;Hg sBsieTcs KiIacCHY4eCKHM
IMPUMEPOM JIByXJIEKTPOHHOM TpexieHTpoBo# cBsi3u B—H...B.

H, H H

g7 \ (,qu(Supan)
e AN AN

Yerslpe aToMa BOOOpPONa M ABa aroMa Oopa aubopaHa nexar B OJHOH
IIOCKOCTH, a 00a «MOCTHKOBBIX» aTOMa BOJIOPOJIa PACIIOIOXKEHBI HaJ U
IO ATOH IIIOCKOCTHIO.

MonekynapHO-OpOHTAIBHYIO KAPTHHY MOCTHKOBBIX CBA3eH B nubo-
paHe MOXHO [TOCTPOUTD clleayoumuM obpasoM. bpyrro-dpopmyna nubo-
pana B;Hg Takas ke, xkax Opyrro-dopmyna stana C,Hg, HO aubopan
uMmeeT Ha 2 3nekrpoHa MeHbhnie. Paccmorpum obpaszosanue BHg u
C,Hg¢ u3 oByx ¢parmentoB BH; u CH; cootBercrBenno. Momekyna
3TaHa obpa3yercs U3 AByX METHIIBHBIX PaJHKaIOB, HECIIAPEHHBIE MEK-
TPOHEI KOTOPBIX OOBEAMHSIOTCS Ha CBA3BIBaloNIell o-opburany, obpasys
IIPOYHYIO 0-CBS3b:

| \ y
c>,c\<9 + QT/O -»}co@c(

[Ipu nogobHoM oObenuueHuy aByX ¢pparmentoB BH; cesa3p B—B He
MOXET 00pa3oBaThCs, MOCKOIBKY oObenuHsonecs opburtanu ¢par-
MmeHTOB BH3 HEe HMEIOT 371EKTPOHOB:

| \V4
CED + OFD S s
/\ , ’78 B\

Yrobwi mpousounia peakiusi 2BH; — ByHg, Hy»xHO, 9TO0B! IyCThIE
opOuTaNIH B3aMONEHCTBOBAIH C 3allOJHEHHBIMH. HO 3aIl0NHEHHBIMH
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opburamamu B BH; saBnswores opburanu ceaseit B—H. Cienosatensho,
obbeaunenne apyx Moldekynr BH; B aumep BHg aomxuo ocymects-
JIATHCS [10-HHOMY, YeM oObenuHeHHe AByX pagukanos CHjz-, a HMeHHO
TaK, 9ToOBl IEpEeKpbIBAHHE IYCTHIX opburaneit 6opa ¢ 3aHATHIMH
o-opburanamu ceszeil B—H 6pu10 MakcHManbHbBIM:

Qaﬁb . QBI"/ ____;\B&B/
-—"b @g@ /W S

Tpu atoma B---H- - - B cBs3ans! o1HO# Napoi 31€KTPOHOB, ¥ NO3TO-
MYy TaKasi CBAI3b Ha3kIBaETCA mpexyenmposotl. TpexneHTpoBas IByXIeK-
TpOHHAs CBA3b ciadee OOBIMHONW NBYXLEHTPOBOH CBSI3M (KaK B 3TaHe),
HO 3aTO B AHOOpaHe TaKUX CBsA3eH JBe, YTO U 00eCHeurBaeT IPOIHOCTD
quMepa. V3BecTHBI U BhICIINE THAPHABI 00pa HEOOBIYHON CTPYKTYphI:
nentabopal BsHg, rexcabopan BgHig 1 gpyrue, Tarkke copepxauye
«BOHOPOJHEIE MOCTHKH». JJHO0Opan mpeactasisier co0oil OeCUBETHEIH,
SITOBUTHIA r'a3, MTHOBEHHO BOCIUIAMCHSIOIIMACS HA BO3AYyXE, MO3ITOMY
BCC PCaKUHH C HMM CleAyeT MPOBOAWTH B MHEPTHOH atMocdepe. du-
0opaH MMoJIy4aroT Ipy B3auMoeitcTBHH OOpTHapHIa HaTpHs U ddHupaTa
tpexdropucroro 6opa B TI'® unu nuMeTHIIOBOM 3(Upe dTUIISHITIHKOIL
(numeroxcustane — JIMD).

3NaBH, +4BF; - (C,H;s),0 ——25 2B,Hg + 3NaBF, + 4(C2Hs),0.

Hubopan kax kucinora Jlptouca mpu B3aumojeiicteuu ¢ TI'® wamn
JIPYTHUM IPOCThIM 3G HPOM Kak ocHOBaHHEM JIblouca oOpa3yeT ZOHOpHO-
aKHENTOPHBIA KOMILIEKC:

Hz(!: C|:I_12 o & /CHZ_CHZ
B,Hg +2 — 2 H3B—‘O\
HzC\O CH: CH,—CHj
KHCJIOTa OCHOBaHHE KOMILTEKC

DTOT KOMIUIEKC JieTko oTiuervisieT BHj, KOTOpEBIH OBICTPO W KOJIHue-
CTBEHHO IIPUCOEIMHSETCS K ABOMHOHN CBs3M ankeHa ¢ obOpa3oBaHMEM
TpUaTKuIOOpaHa:

3RCH=CH,; +BH; — (RCH,CH5);B.

TpHankuiabopax

I'mapobopuposanye BKIIoYaeT Tpu crajaud. Ha nepsoit craaup Gopan
IPUCOCAMHACTCA K aJIKeHY ¢ 00pa3oBaHKEeM MOHOAIKMHIOOpaHa:

RCH,=CH; +BH; — RCH,CH;,BH,;.

MOHOANKHAOOpaH
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Momnoanxunbopas COnepKUT ABe CBA3M B—H, moaToMy nocnenosareis-
HO [PUCOENMHSET elle IBE MOJIEKYIb! allKeHa:

RCH=CH>» RCH=CH,
_— _—

RCH,CH,BH, (RCH,CH,),BH (RCH,CH,);B.

MOHROAIKHI0OPaH JHaNKHWIbopaH TpHankunbopan

IIpucoeannenue 6opaHa K ABOHHON CBA3M HPOUCXOIHUT PETHOCEIEK-
THBHO IPOTHUB HpaBuiia MapKOBHUKOBA TaKUM 00pa3oM, 4To aTtoM Oopa
OKa3bIBAa€TCs CBA3AHHBIM C HaMMEHee 3aMEIICHHBIM aTOMOM YIIepona
IIpu ABOMHHOI cBs3U. Ilpucoeunenue bopaHa 110 MBOHHOM CBA3H IMPOUC-
XOIUT CTEPEOCHENM(PHYHO KaK CUH-TIPUCOCHUHEHHE ¢ OHOBPEMEHHBIM
cBA3bIBAaHHEM aroMa Oopa ¥ Bomoposja OopaHa C JABYMS aroMaMu
ymiepona npu asoiuoit cessu. Iloatomy obGe Hosele cesisu C—B u C—H
0o0pa3yroTca ¢ OfHOM U TOH K€ CTOPOHB! KpaTHOW cBssu. Jlas aToit
pPEeaxHH IPeUIOKEHO YEThIPEXIIEHTPOBOE NEPEXOHOE COCTOSHUE:

5=
Na a” A ~Nezec”” ~n___p~
/C—C\ + H ? H /(:: ?\H /CI Cl\
W d --é( cun-npucoeganerne BH,
H

B pamxax teopun MO 3ta peakuus OIMUCHIBaeTCS Kak B3aHMOAEHCTBHE
3aIOIHEHHOH 7-OpOHTaNM ajlkeHa ¢ IyCcToH p-opburansio 6opa ¢ ToH
ke camoii cummetpueit opburanu. O6pasopanue ceszu C—B comnposo-
JKJIAETCs CHHXPOHHBIM pa3pbiBoM cBsizu B—H:

PeruocenextuBHOCTh npucoenuHenns BH; nerxo mpenckasars Ha
OCHOBAaHUM KakK OJIIEKTPOHHBLIX, TaKk U CTepHdyecKuxX (axTopoB. bop
obnagaeT MEHbIIEH 3NEKTPOOTPULATEALHOCTEIO (2,0) IO CpaBHEHHUIO ¢
Bonopoznom (2,2), mostoMy cBsa3s B—H nomxkHa ObITh clabomnonsipHOMN.
Kpome rtoro, atom Oopa B GopaHe ABIAETCS JIEKTPOHOAE(DHIIUTHBIM
HEHTPOM C IYCTOR p-OpOUTANBIO, UTO ONpENENIeT ero AeKTPOPHILHEIE
cBoficTBa. Panuyc aroma 6opa HaMHoro Honb1Ie pajuyca aToMa BOIOPO-
na. IToaromy cTepudeckuii GakTop Takxke ONaTONPHUSTCTBYET IPHCOCAU-
HeHHIO 0opa K HaUMeHee 3aMeIeHHOMY M ZOCTYITHOMY aToMy YINIEpO/a.
Tlonararot, 4T0 UMEHHO CTepHYeCcKUuH (haKTOp HrpacT PeHarollyio pPoilb
¥ HalpapJIeHUE [IPUCOSNHHEHUS DOpaHa K IBOMHOM CBs3H ONIpenensercs
CTEPHUECKUM KOHTPOJIEM pEaKiliH.
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MoHo3aMellleHHBIE alKeHbl B peakiud ¢ GopaHoM 00pasyioT TpH-
aiKAIOOpanbl, ONHAKO U TPH- WIH TETPAalKWI3aMEIIEHHBIX IIPH
IBOUHOM CBA3M AJIKEHOB TMJIPOOOPHPOBAHHE JIETKO MOXKHO OCTaHOBHTD
Ha cTaguK obpa3oBaHus MOHO- U mHankunbopada. Ocobenno Gonbiioe
3HaYEHHE B OPraHWYECKOM CHHTE3e Tpuobpen 6uc-(3-metun-2-6ytu)-
Oopan, obpazyromuiics npu B3aumozaeicTsun BHj ¢ 1ByMs Monekynamu
3-metundyrena-2:

2(CH;),C=CHCH; + BH; > (CH3)2CH—(|3H BH
CH;
AucHaMundopax ?

DTOT peareHT NOAYYW! TPHBHANBHOE Ha3BaHME — ucHaMHIbopaH
(Sia);BH. TerpamersatuneH obGpaszyer ¢ O0opaHOM afnyKT COCTaBa
1:1—2,3-numMmeTunOyTiii-2-00paH, KOTOpPBIH Ha3blBaeTCsa TEKCHabopa-
HOM:

CH;,
-= -+ —_—— i
(CH;3),C=C(CHz3). BHaW(CH3)2CH ? BH,
CH;
TexcHaGopax

Cun-nprcoenunenye 60paHa K XBOHHOM CBS3H MpOIIE BCETO MOXET
OBITH MPOMIUIIOCTPUPOBAHO HH NMpUMeEpe THAPoOOpUpOBaHUA 1-MeTHII-
HHKJIOTEKCEHA ¢ IToMOINbio BD;

3<__—>-CH3 + 8D, e —--l-8

Anxunbopansl, Kak NPaBHIO, HE BBIIEISIOT HHANBHAYAIBHO, @ HCIIOIb-
3YIOT HEMOCPEACTBEHHO Ul CHHTE3a TpebyeMoro 1eieBoro npoayKra.
AnxunGopaHsl ABIAIOTCS KTIOUYEBBIMH peareHTaMu Uit MHOTMX CaMbIX
pa3HooOpa3HsIX IpeBpaIleHHH, OONBIIMHCTBO U3 KOTOPBIX OBLIO OMUca-
Ho I. bpayHOM € COTpyIHHUKaMHU.

CBs13p yrepon—00p B TpHaNKuabopaHax o AeHCTBUEM KHCIOTHBIX
areHTOB PACLICILIAETCS ¢ 00pa3oBaHUeM Npe/IeIbHBIX YIIEBOAOPOIOB:

R;°B™ +3HX — 3RH + BX.

Tak xak xkapOOHOBBIE KUCIOTHI B 3TOH pEaKiHy [0 CBOEH peaxiiu-
OHHOH CITOCOOHOCTH TpeBocxomaT Oosnee cuipHble KHMCIOTH (H>SOy,
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HCI, HBr u 1p.), ans opoToiu3a TPHaIKWIOOPaHOB ObLT IIPEIONKeH
MEXAHM3M, BKJIFOUAIONIHIH ECTH3BEHHOE UKIIMYECKOE MEPEXOAHOE CO-
CTOSIHHE C HYKJICO(QHIBHOM KOOpAUHaUMeHd KapOOHWIBHOTO KUCIOPOAa
10 atoMy 6opa U 3NMexTPOoUILHON aTaKkoi aToMa BOAOPOAA HEAUCCOIH-
N //O
HpOBaHHOH (PopMEI RC\ [0 aTOMY YIIEepoia TpHAIKHIOOpaHa:
H

@]
(RCH,CH,); B + 3CH3C/ -
\

OH
B Tk

CH,CH,R
RCH,CH,—B

S/ \OCH,CHR

3| g o —3RCH,CH, + (CH,COO0),B.
N S
0] C
\cH,

JToT MeTox ocobeHHO yIo0eH B TOM cilydae, Korna HeoOXoquMo BBECTH
H30TOIHYIO NEHTEpUEBYIO METKY B anKaH. Torna B Ka4ecTBe KHCIOTHOIO
areHTa MCHoIb3ylT AeitepoykcycHyio kuciory CH3COOD. B uemom
TMApOOOPHPOBAHKE ANKEHOB C ITOCIEAYIONIMM KHCIOTHBIM pacuiel-
JICHHEM TPUANKANOOPAHOB ITPEACTABIAET coDO0Il JErKOmOCTYNHEIH H
yIoOHBIM crioco0 IpeBpaIleHus aJKEHOB B alKAHEBL

Topazno fonee uHTEpECHBIE U pa3HOOOpa3Hble CHHTETHYECKIE BO3-
MOXHOCTH OTKpPBIBaeT paclierieHHe TPHAIKIIOOPAaHOB TEPEKUCHIO
BOJIOpO/la WM rajyoreHaMu B mieno4Ho#t cpene. IIpu oGpabotke Tpu-
aJIKWIO0PAHOB HIECTOYHBIM PACTBOPOM IIEPEKUCH BOAOPOLA MPOUCKXOAUT
pacuietwienue csizd C—B ¢ oOpasoeanuem cniupTtoB. Takum obpa3om,
MOCJIEIOBATENLHOCTD ATHX IBYX CTaauil ruapoOOpHPOBaHUsS AJKECHOB
npencTaBiseT co0OH METOX rUIpaTalMy ajJKeHOB:

RCH=CH, -2, (RCH,CH,);B —2%_, RCH,CH,0H +
me NaOH—H:0  neppuynsiit crmpr

P O
+NaB(OH),.

I'unpobopupoBanre HECHMMETPHYHBIX aJKEHOB C MOCIEAYIOMNIHM
okucienneM H;O, mo3Bomsier ycTaHOBUTH perHocHeld(UIHOCTH H
CTEPEOCIEIMPUIHOCTD BCEro Mponecca. Tax, Hanpumep, MpHd TUId-
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pobopupoBaHUM 1-METHIILIMKIIOTEKCEHA € MOCHEAYIONIMM OKHCICHHEM
TpUAIKWIOOpaHa IIETOYHBIM PACTBOPOM IIEPEKUCH BOJOpoaa obpasyer-
ca mpanc-2-MeTWILHKIOTEKCAHOI. DTO 03HAayYaeT, 9TO IPH OKUCIEHHH
rpynna BR; 3ameniaercsi Ha THIOPOKCHJ € HONHBIM COXPaHEHHEM
reoMeTpHuecKoil kKoHGHUrypauud. HampaBneHne ruaparalud ajKeHa
B 3TOM [ABYXCTAIMHHOM MpOllecce MOTHOCTHIO IPOTHBOMNONMKHO pe-
THOCEJIEKTHUBHOCTH IPSAMOH THIpaTalliyl aJKeHOB HMIIM PErHOCE/IeKTHB-
HOCTH PEaKIHMd OKCUMEPKYPHPOBAHHSA — IEMEPKYPHPOBAHUSA AJIKEHOB
(pazn. 5.4.3.¢). I'unparaiys ankeHa, T. €. CYMMapHEILi rporecc THapobo-
PUPOBaHUS — OKHCIICHHS, UMEET OPHEHTAIMIO, NPSIMO IIPOTHBOIOIONK-
HYIO TIpaBMTY MapKOBHUKOBA (aHTHMAapKOBHHMKOBCKOE NMPUCOETHHEHHE
10 KparHO# cBs3u). Jls anuKIN4ecKHX MOHO3aMENIEHHBIX ¥ JH3aMe-
IEHHBIX aJIKeHOB THAPOOGOPHpOBaHME — OKUCIEHHE J1aeT YHHKaIbHYIO
BO3MOXKHOCTH CHHTE3d NEPBHUYHBIX CHUPTOR € CYMMAapHBIM BBIXOIOM
80-95%.

RCH = CH, - 22" | R CH,CH,OH:
2)H>0,—NaOH
R,C=CH, —225-T® | p CH—CH,OH.

—_—
2) H202~NaOH

JU11 OKHCIHTENBHOrO pacllenIeH)sl TPUAIKHIOOPaHOB B IIEN0Y-
HOM cpelie IpeIoKeH CIIeAYIOIHI MeXaHHu3M npeBpamienuii. CHagana
THAPOTIEPOKCHI-HOH TIPHCOEAHHAETCS K INEKTPOHONCHHIIHTHOMY aTOMy
6opa TprankunbopaHa:

o R e
R3B+:00H — R—-B—0OO0OH.
R/

OO6pazyromuiicss NpH 3TOM aHUOHHEIA OOpaTHBHIK HHTEpMeduar upe-
TepleBaeT NEPErPYNIUPOBKY C NOTepei MHJIpOKCHA-UOHA. JIBmKymien
CHIION DTOH NMeperpynIupoBKH ABIAETCS 00pa3oBaHHE OYEHb NMPOYHOHN
cesizu B—O BMecTo MeHee npoyHoH cpsizu C—B:

| i
Q
R—28—0-C9H —— R—B—OR + ON .

bosee BpICOKast MPOYHOCTH CBSI3M 6Opa ¢ KHUCIOPOAOM ONpeaeasieTcs
JONOJIHHUTENBHEIM NIEPEKPHIBAHUEM 3aIIOJTHEHHOH 2p-0pOHTaNIH KHCIIO-
pona ¢ mycToil 2p-opbuTtansio bopa, cTabUIN3HPYOUIHM CBS3s B—O.
1,2-Murpanus anKuiIsHOM TPYIIIEI C TapOH ATEKTPOHOB 0T 60pa K KHC-
JOPOAY, 11O CYIIECTBY, aHAJOTUYHA [IEPErPYIIUPOBKE B KapOOKaTHOHAX,
IJe Takxke dacTo Habmiomaercs crepeocnenudugeckas 1,2-Murpanus
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aJIKUIIBHON IPYNIBI C NApOd 3MEKTPOHOB K KapOOKATHOHHOMY LIEHTPY

(cM. 1. 9):
. o/ Ne /

K

IlepBonauansHO obGpasyromuiics npoayktr RoBOR monsepraercs na-
Jiee OKHCIIHMTENBHOMY PacHICIUICHHIO aHAJOTHYHO TPHAIKMIOOPAHY MO
ONHMCAHHOM BEIIE cxXxeMe ¢ oOpa3oBaHHeM 3¢dHpa OOpPHOH KHCIOTHE
(Tpuanmibopara):

-

S] S]
R,BOR +200H — (RO); B +20H.

Tpnaﬂxpm6opar B KOHECYHOM HTOIC I'HJApPOJIU3YETCIA B IETIOYHOM cpeae
A0 cnivMpTa H 60pB.T-aHHOHaI

[S) [SH
B(OR); + OH + 3H,0 — 3ROH + B(OH),.

PernocenexruBHOCTS THIApOOOPHpOBaHHA nox AeklcTsuem BHj,
onpenenseMas COBMECTHBIM NeHCTBHEM 3IEKTPOHHBIX M CTEPHYECKHX
3¢deKToB, BecbMa BbicOKa M 00br9HO npeseiaer 90%. Huxe npuse-
JIeHb! HEKOTOpBIEe Haubollee THIIHYHBIE IPUMEDPBI THAPOOOPHUPOBAHUSL —
OKHCIEHUs aIKEHOB.

DB -TT® __, CH,(CH,);CH,CH,OH+

CHy(CHy)sCH =CH, == SCH

+CH3(CH2)3(|:H —CHs;

OH
(6%)
C¢HsCH = CH, — 2287 1T® | ¢ H,CH,CH,OH+
2)H202—NaOH—-H>0 (80%)

+CH¢HsCH—CHj;

OoH
(20%)

DB%:IT® , CH,CH,CH —CH,—OH+
2)H202; NaOH—Ha 0 l (99%)

CH; CH3

CH3CH2({32CH2

444



/OH
+CH3 —CHz —C (CH3 5
CH;
(1%)
1)BH; —TI'®
2)H202—NaOH~H»0

(CH3 )zc = CH”‘CH(CH:; )2

— (CH;)ZCH~C,?H— CH(CH3), +(CH3)2({3— CH,~—CH(CHs),.
(98%) %)

OH OH

CeneKTUBHOCTh THAPOOOPUPOBAHMS MOKHO 3HAYMTEIBHO YBEIH-
YHTh, €CAH JUI THIPOOOPHPOBAaHHS AJIKEHOB HCIIOIL30BATh IIPOCTPAH-
CTBEHHO 3aTpyOHEHHBIe Auankuwibopasdsl R,BH, Hanpumep 6uc-(3-
MeTus-2-6ytun)-6opan — (Sia), BH:

ia)aBH; T
DSRBILIT® | ~H,(CH,); CH,CH,OH+
2)H202;NGOH—H20 (99%)

CH3(CH2)3CH:CH2
+CH3(CH;); CH—CHj; (< 1%),
|
OH

1)(Sta): BH; TT'®
_ DGRBS |~ H,CH,CH,OH+
2)H207;NaOH; H,O (99%)

+CgHsCH—CHj3 (1%).
|

C6H5 CH=CHj,

OH

Jpyrum BaXKHBIM IIPEHMYIIECTBOM NIPOCTPAHCTBEHHO 3aTPYXHEHHBIX
JucuaMuibopana M TekCHiIbopaHa SBISETCS CENEKTHBHOCTh THAPOOO-
pPUPOBAHHUA 3aMeIIEeHHBIX anKeHoB. Oba 3Tux 6opana B 20-100 pa3 bonee
aKTUBHBI O OTHOIIEGHHIO K HE3aMEILCHHOW KOHLEeBOH IBOIHON CBA3M,
YyeM K 2-MEeTHIaNKeHy- 1. 3To [T03BOIsAeT CeNEeKTUBHO THApOOOpHUpPOBATE
KOHLEBYIO IBOHHYIO CBSI3b B IIPHCYTCTBHH APYTHX JBOMHBIX CBSI3ei:

M LT /M

(ia),B

TexcunbopaH pearupyer ¢ yuc-ankeHamu B 100 pas Ovictpee, ueil ¢
mparc-A30MepaMy, YTO MIHPOKO HCIOIB3YETCH B TOHKOM OpPraEMYEeCKOM
CHHTe3€. B mpenapaTHBHBIX LENIX BMECTO JMCHaMUiIOOpaHa ynoOHee
HCIIONB30BaTh OUIMKINYecKuit 9-6opa-ounukino[3.3.1]nonan (9-5bH).
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On Heroptody, HO OKHcIsieTcs Ha Bo3nyxe. Tsepmsiit 9-BBH ropasno
cTabunbHee amudarHdeckux 60paHoB TakkKe H TEPMHUYECKHU.
1)9—BBH; TT®, 25°C
2)H202—NaOH—H20

— CH3(CH,);CH,CH,OH +CH;(CH,); CH—CHj.
(99,9%) (0,1%)

CH;3(CH,);CH = CH;,

OH

CH;

wCHr  _CHy 5 ppmrre. s

C
C= . o
d C\ 2)H;0;~-NaOH~H0 #-C3H;—~CH,—C—OH
H H
H
(99,8%)

9-bopabunuknof3.3.1]uoHad nonyvaercs npH npucoeauHeduu BH; x
JIETKO JOCTYIHOMY yuc-yuc-1,5-UKI0OKTaAueny (O HONYUEHHH 3TOrO
IUMeHa CM. L. 7):

Tre,; 65°C; 14
T

(99%)

TpuankunGopansl, obpasymwoliuecs MpH rEAPOGOPUPOBAHUM alIKe-
HOB, MO>KHO HCIIOJIB30BAaTh U A CHHTE3a IKHITAJIOT€HHAOB. 3aMeHa
6opa Ha ion npoucxoauT npu obpaboTke TpHankuIdbOopaHa HoaoM B mie-
nogHoM cpeae. [Ipu neiicTBUH MIENOYHOTO pacTBopa Hofa OTIEIUISIOTCH
TOJIBKO JIBE U3 TPEX HMEPBHYHBIX AJKHIBHBIX TPYIHI GOpOPraHHIecKoro
COCHUHEHU:

R3B +2I, + 2NaOH — RB(OH), + 2RI+ 2Nal.

Ilpu HogupoBaHUM TPHAIKWIGOPAHOB CO BTOPHYHOHN aIKHIBHOHN IpyI-
noil ynaeTcs mpeBpaTHTE B 6mop-RI TONBKO OAHY M3 3TUX IpyMNIL.
Hcnons3opanue 6poma u Mmetunara Hatpus B TT'D npuUBOAMT K aIKHII-
OpoMuaM ¢ IMPEBOCXOIHBIMH BBIXOAAMH:

I
1)BH;; TT' .
O oTTel — O/ {100%)

1)BHy; Tre )
CH4CH,CH—C =CH > CHyCH,CHs—CH—CHBr  (70%
T T ) Br,-CHyONa; TTO l
CHs CH,
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PervoceneKTUBHOCTh HTHX PEaKlMil TaKXKe MPAMO IIPOTHBOIIOIOXK-
Ha NPHCOEIMHEHHMIO TaloreHOBOAOPONa K JBOMHOH CBA3H. AJIKEHBI C
KOHIEBOH JBOWHOHN CBA3bI0 00Pa3yloT MEPBHYHBIE alKWITAIOTeHH b

1)BH; ~TI'®

RCH =CH;,; RCH,CH;Br.

2)Br;—CH3ONa; TI'®

Bopopranudeckie COeIHHEHHS MOXXHO HCIIOIB30BATh U [U11 HOTYYEHHUs
MIEPBHYHBIX aMUHOB TpH 00paloTKe TPHAJKHIOOPAaHOB XJIOpPaMMHOM
HWIH THAPOKCHNaMUH-O-Cyns(oKuciIoTol. MexaHM3M 3TOH peakluH
MPHHIUIHAIRHO HEe OTIHYAeTCs OT MeXaHH3Ma OKUCIEHHS TPHAaNKHII-
00paHOB IIEPEKUCHIO BOJOPOAA B IIENTOYHOR cpene:

R or® 9
R,B + Nt x —> SR Ck—— Rp—N—H— s rwe,  + Blon),

e
R i i h |

(S}
3 X=Cl wnm 0304

1Ipumenenue TPHATKIIOOPAHOB B OPraHUUECKOM CHHTE3E IIOTYYHIIO
JlansHelIee pa3BUTHE NOCTIE TOTO KaK Obl1a OTKphITA peakius KapboHu-
nupoBaHus 6opopranudeckux coenunenuit (I bpayn, M. Panike, 1967).
ITycras p-opburtams atoMa 6opa B R3;B nepexpriBaercs ¢ 3anoiHeHHOH
2s-0pOUTAJIBIO aTOMA YIJIepojia MOHOOKCHA yIilepona ¢ obpa3oBaHHeM
ajuryxra cocTtara 1 1:

e & e 5%
R;B+:C=0 —- R3B—-C=0.

DTOT afLyKT HE BHINENSIOT M cpa3y K€ HCIONB3YIOT I AambHEHIINX
npeBpanieHuil. XapaxkTep MPOIYKTOB [IPH 3TOM OHpeAeisieTcs BHIOOpoM
YCIOBHMH PEaKIMH, MPH KOTOPBIX alKWIBHBIE TPYIUILI IIOCEI0BATEIRHO
MHIpUPYIOT OT Oopa K KapOOHHIBHOMY aTOMYy VITIepoZa aanyKra

o ®
R3;B—C=0. Ecnu TpuankunbopaH HarpeBaloT ¢ MOHOOKCHIOM YyIfe-

pona nmpu 100-120°C u upu armocdepHOM [ABICHHUH, IPOHCXOAUT
MUTPAIus BCEX TPEX aJKHIBHBIX IPYIII U II0CJIE OKHCICHUS HISIOYHbIM
PAacTBOPOM IEPEKHCH BOAOPORa 0Opa3yeTcs TPETHIHBIH CITHPT:

O,

R
—125° N\ !

RyB+co 20T2C | o NP LB —R|—s (Bl_/;\

o) R

/R H,0. R\
—— | Q=R 2°2 —C—
0=8 (lf\ W R /C OH ~+ S(OH)4
R R 2 ]
TPeTUHHLIA Gopat-atnon
CupT
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JTa peakuys IpeACTaBIseT cO00H yI00HBIH METO IPEBPALICHUS aJIKe-
HAa B TPETHYHBIH CIIUPT C BHICOKUM BBIXOAOM:

] [ j
BHg; Tre 1) €0; 100°¢C ®
— 2,0 NaOH—R0 O_'(E—O 5%}
3 OH

1)C0; 125°C (

BHz: TI'd
OHsCH=CH = (CHCH,CHE-8

———— 3 [ CHs~ CH—CH C— 75
Z)HzOZ-NaOH_Hzo 3 c 2 (f 7 OH (8 /o)
CH, CH,

3

IIpu HanUYHKU B PEaKIHOHHON CMECU JPYIHX PEareHTOB PeaxilHio
MOXXHO OCTZHOBHTH Ha CTaIHH MHIPALMH OHOH HIIM ABYX alIKMIIBHBIX
rpynmn. Eciiu kap6oHUIMpoBaHHe IPOBO/AT B IPUCYTCTBUH OOPruapuaa
HaTpHsA, 00pasyroTcs NepBHYHBIE CIMPTHL [lepBHYHENA CUPT MoaydYa-
ercs B pe3ylIbTaTe BOCCTAaHOBJICHHS oy nehcTtBuem NaBHy, untep-
Menuara, oOpa3yroIerocs nocje MUTPaluU TOJABKO OJHOH ATKHIBHOM
IPyIUIbL:

R
=) AN 1) NBBH4 =)
/B—c£6° —| B—C=0) ——————— ROHOH + 2R0H + B(OH), .
R R ;L 2)H,07 NaOH-H,0 NEpPBMHHbIA
cnupT

B npHCYTCTBMM 3KBUMOJIBHOIO KOIIMYE€CTBA BOABI PEaKiiysl OCTaHABIHU-
BaeTCsd Ha CTaJM¥ MHUTpaIMM ABYX alKUIbHBIX rpymm. [locnenyromee
pacuieruienne 60pITIOKCH/Ia MIETOYHBIM PACTBOPOM IIEPEKUCH BOJIOPOAA
IIPHBOIHT K CHMMETPHYHOMY KETOHY:

R R 0
\8 /90 N0 R HOH
B—(C=0 e B—C ——— | R—B—C
(OF @ A
HOH on oH H0 e
2
— s |R-B—C ———— p—¢—R -+ RoH - BoK),

N | NaoH=HO " i
R 0

KeTon
B kadecTBE¢ THIHYHBIX IIPUMECPOB MNPUBECACM HNOITY4YEHHE JHITUKIOICK-

CHUIIKETOHA ¥ HOHaHOHa-5:
2 1)€0; 125°C; H,0 l?
T ; ;
O+ BH,_L<Q>j 2 <)
3 2)H,0,~NaOH~-H,0 (90%)
BH3 1)C0; 125°C:H20 9

1
CHyCH,CH=CH ~——(CH,CH CHZCH,_-)—B ——————+ CH,CH CH,CH,—C—CH,CH.CH.CHy .
3 2Tre V32 3 2)H202-Na0H-H20 372 H:m:z"o"_s (g:z%)z 2
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Ecnu n7s ruapobOpUpoBaHys alkeHa WCIOb30BaTh TEKCUIGOPaH ¢
HOCJEAYIOMUM MOHOAIKIJIHPOBaHMEM, KapOOHUIHPOBaHHE NPOCTPaH-
CTBEHHO 3aTPYAHEHHOTO TpPHaNKMIOOpaHa OTKPHIBAET MyTh CHHTE3a
HECHMMETPHYHBIX KETOHOB. DTOT METOJ] OCHOBAaH Ha TOM, 4TO IIPOCTPaH-
CTBEHHO 3aTpyAHEHHas TekcuibHas rpynmna (i—PrMe,;C) He MUrpupyeT
ot Hdopa K yriepony:

(chy),CH—C(CH;) BH,+ (cg),c=CH, T (CHy) CHEICHy );-BHCH;- CH{CH ), —————>

Texcunbopan

=CH~ CH,CH(CH3) : .
CHy=CH—CH,COO0C,H LCH(CH), co; HO
: 23 (o), CHelcH )8 2

N
CH,CHz— CHz— COOC,Hg
CH,CH(CHy)
) 3
(cn,)zcn-c(cri,)z—fls—$: :
U S CH,CH,CH,CO0CH,

TH,CO0Na (CH 3),CHCH,C—~CH,CH,CH,CO0CH, .
H,0

(84%)

HUcnonp3oBanue ruipuaoB 60pa U CEIEKTHBHOTO BOCCTAHOBICHUS
QIKHUHOB IO yUC-AJIKEHOB U KETOHOB C IIOMOIILI0 BUHWIOOPAHOB pac-
CMaTpUBaeTCs B IIaBe 6.

54.7. IIOJIMMEPA3AIINA AJIKEHOB

TepMHH noaumep OTHOCHTCS K MaKpPOMOJEKYJIaM, COCTOSAIIMM W3
OueHb OONBIIOr0 YHCIA MOBTOPSIOIIUXCS 3BEHBEB — OT HECKOIBKHX
ThICAY [0 HECKOIBKHX cOTeH Thicsd. llonmumep oOpa3syercs myTem
[IOCTIEAOBATENBHOTO MPHCOECUHEHHU S OTACIBHBIX MOJIEKYIT, Ha3bIBAEMbIX
monomepamu. CoeAVMHEHHE OMUHAKOBBIX MOJIEKY]l MOHOMEDA [TPUBOAHT
K 20MORORUMEpY; TOIUMEp, NOINY4YEHHbIA H3 IByX MnH OonblLIero
YHCIIa Pa3IHYHBIX MOHOMEPOB, Ha3bIBaeTCA conoaumepom. Ilonumepni
COJIEPKAaT TaK HAa3hIBAEMbIE «KOHUEBBLIC IPYIIIBD, KOTOpbIE PE3KO OT-
JIMYAOTCA OT MOBTOPSAIOIIMXCSA 3BEHBEB. OTH KOHIEBBIC IPYIIBI SBIIS-
FOTCS MHHIIMAaTOPaMH CaMOro IpOHeCcCca MOMUMEPH3ALHU H COCTABISIOT
HUYTOXHO Majdylo 4acTh BCETO MONHMMeEpa, KOTOpas He OTpa)kacTcs Ha
cBoifcTBax camoro nonumepa. [Ipocreiinim 1 Haubonee BaXKHBIM CIO-
co00OM MOAYYEeHUS NOJIMMEPOB SIBISETCS HOJIMMEPH3ALHA — IPoLecc, B
KOTOPOM MOHOMEPHI ITOCIEA0BATEIBHO, CTPOIO OIPEeIEHHBIM 00pa3oM
NPHCOETUHSIOTC APYT K APYTY ¢ 00pa3oBaHHEM O4YEHb JIIMHHOM IEIH.
OTOT mpolecc HHUIMHAPYETCSA pajvKalaMH, KaTHOHAMH, aHHOHaMH U
METAJII00PTraHHYeCKHMH coeinHeHHsIMH. COOTBETCTBEHHO CHEyeT pa3-
IUYaTh PaAUKAIBHYIO, HOHHYIO U KOOPAHUHAIIUOHHYIO MOJIMMEpU3alyHy.
Tlocnenuuit TepMHH OTHOCHTCA K MONUMEPH3AIMH, HMHHIMHPYEMO
KOMIUIEKCHBIMH COCGAMHEHHIMH, COCTOAIIMMHY M3 TPHANKHJIATIOMHHHS
U coleil IepexodHbIX MeTaluioB. XUMHUA IIONMMEPOB MM, B Oolee
IIMPOKOM CMBICIIE, XMMHsI BBICOKOMOJIEKYISPHBIX COEIUHEHHUI NaBHO
YK€ cTajJa COBEPIIEHHO CAMOCTOSATEJbHON HaydHOH JWCIMIUITHHOM.
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B y4eOHBIX Kypcax OpraHHYecKOH XHMHH TeIeph H3AaraloTcsi TOJIBKO
OCHOBOIIOJIATaloIMe U NPUHIMIIHATILHO BAXKHBIE CBEACHUS O INMOJHME-
PH3ALMH U HONUMepaX. DTa Tpaauuus He OyneT HapyleHa.

5.4.7.a. PAITMKAJIbHASA TTOMUMEPH3ALIUSA AJIKEHOB

BoabIIy10 4acTh HOMMMEPHBIX MarepHajioB IIOIYYarT CBOOOIHO-
PalUKaIbHON MOJIMMEpPH3alMed caMbIX Pa3sHOOOPa3HBIX MOHOMEDOB.
Kak n B Apyrux cBOOOIHOPaIHKAJIbHBIX peaKklHsX, MOTHUMEpU3alMs
BKJIIOYAeT CTajld WHHIMHUPOBAHHSA, pa3BUTHs (pocTa) M 0OphIBa MM
nepeHoca uenu. Muuuumaropamu cBobonHOpaAnKanbHOM HONHMeEpH3a-
LM CAYXAT IEPEKHCH alUIIOB (IlepeKych OeH30Ha, IEPEKHCh alleTHIIa),
a306uc(u30-6y THPOHHTPHI)

(CH3)2 —(|3—N=N~(|3(CH3)2

CN CN

H OpyTHE COENUHEHHS, CIOCOOHbIE pacafaThCsa Ha paauKalbl B MSTKHX
YCIIOBUSIX.
Huuyuuposanue yenu:

0 0 )
R—CZ0-0-CZR — 2R—CZ0- — R - +CO,.

Pocm yenu:
R-+CH,;=CHX — RCH,—CHX;
RCH,CHX+ CH,=CHX — RCH,—CH—CH;—CH —
X X
nCHy=CHX RCHZCH—CHZ—-CH—(CHZ—(.IJH),,.
X X X
Obpuie yenu:
2RCH2—CH—CH2C\H—(CH2CHX),,—>
|
X X
—RCH;—CHCH;—CH—(CH>— (le),,— ((lfH— CH,),—CH—CH;—CH—CH;,R
X X X X X X

Kak ¥ ans apyrux pajyKaibHbIX IpOlEeccoB, 0OpBIB pajHKaIbHON
LIENH BO3MOXKEH He TOJBKO 3a CHeT IPHBENESHHOH BhIIIE PeKOMOMHALIMU
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pajdKagoB, HO TakKe W B pPe3yidbTare peakUHH IepeHoca UeNH H
JUCIPONIOpUKXOHUpoBaHys (. 4):

RCHZ—CH—(CHz—C{H),,—CHz—(-ZH +R'H
|

[I€peHoC
PaAMKAJILHOR enu

X X X X

—R!-+RCH, —(IZH—(CHz —(IiH),, —CH,CHy;

X X )
2I(2(:I{2(:}1“‘((:}{2‘-(:I{)n“(jfiz(:I{)( -—
| |

X X
- RCHz—C‘H—(CHz— CH),—CH=CH+

X X X

JHUCIIPONOPUHOHNPOBAHNUE
PaJHKAIOB

+RCH, “‘?H'—(CHz —(':H),, —CH,—CH,.

X X X

BeposaTHocTE 00pBIBA PAAHKAILHON IEMH MOXKHO PE3KO [TOHM3UTE, IIPO-
BOAS PEaKIUIo TakKuM oOpa3zoM, 4ToOB KOHUEHTpAIUd pearupyroumx
ueneit 6bl7a 4pe3BBIUANHO HU3KOM, Hanmpumep, Hibxe 1078 Monn/m.
OCHOBHBIM crOcO0OM MPHCOEAUHEHUS MOHOMEPOB APYTr K APYTY IpH
pPaMKaIbHOH MONMMEPHU3AIIMH ABISETCH NPUCOEIHHEHHE THIIA «TOJ0-
Ba K XBOCTY». BcleAcTBHE 3TOTO NOCTHTAeTCs BBICOKAs PErHOCENeK-
THBHOCTH Mpollecca NoNuMepH3anuu. Takasg OpHEHTaI[us 3BEHHEB B
MOMIUMEPHOH Ienn ofecreduBaer NPU KaXkJIOM 3JIEMEHTAPDHOM akTe
HNpHCOeIHHEHUss MOHOMepa ofpa3oBanue Haubosee crabmibHOrO pa-
JIUKanpHOTO HHTepMenuaTta. Hampumep, npHucoelWHEHHE K CTHPOIY
IIPOMCXOAHT TakuM oOpa3oM, YTO pafHKAIGHBIA IEHTP BCE BpeMs
HaxXO[WTCS Y YIIEPOTHOTO aToMa, CBA3AHHOIO ¢ (QEHHIBHON IPYIIIO;
OpHCOENUHEHHE K METHIOBOMY 3QHpPY «-METHIAKPHIOBOH KHCJIOTHI
(MeTHIMeTaKkpuiIaTy) MPOHCXOJUT TaK, YTO PAfAMKAIBHBIA IEHTP BCe
BpeMs HaXOJHUTCH 110 COCEACTBY CO CIOKHOMPHPHOH rpynnoﬁ:

«—CHz (llH—(CH CH)” CHy- fH + CHz=CHCHs — - ~CH- CH H CHjCH CH

CTipon
CeHs CeHs P 1 CsHs
CH,é H—C®+CH c——. —-CH—C—(‘I a)(
COOCH coocn COOCH coocri; COOCH, COOCHa,,+7 coocn3
MeTUn-
MeTarpunat
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s panuxanbHOM NONHMEPH3ALMH IIPUTOIOHBI ANKEHBI, KOTOpHIE
JIETKO BCTYIIAIOT B PEaKUMH PaJHKaIbHOTO NPHUCOEHHHEHHS THOJOB,
cepoBoAopozAa u bpomucToro Bogopoaa. K HUM OTHOCATCS alIKeHsl, CO-
JepKallKe NpH ABOHHOH CBA3H apHIBHYIO, CIOKHOIGHPHYK), HUTPHIIE-
HYIO YPYNIIY WIX aTOM TajOreHa, IOCKOIBKY 3TH TPYIIL CTaOMIu3u-
PYIOT pajikansl, oOpasyronuecs B KaUecTBe MIPOMEXYTOUHBIX YaCTHIL.
Haunbonee Ba>KHEIMH MOHOMeEpaMM JUIS PaJMKANbHON MOTUMEpH3aIliH
SIBJIAIOTCS. OTHJIEH, CTHPOI, XJIOPHCTHIA BUHHII, aKPHIIOHUTPHII, METHII-
MeTaKkpHuiaT, TeTpadTopITHIIeH, BUHUIHAeHxopul. CyluecTByer apa
TEXHOJIOTHYECKH PAa3JIHYHBIX METOAa PaTUKATbHON MONMMEPU3AUH —
noauMepu3anus B OlOKe H cycleH3HOHHas nmoauMepusarus. Crupon
M METHIMETAKpUIIAT MOJABEPraloT NMOJHMEpH3aluu B OJ0Ke B IPHUCYT-
CTBUH PaJUKalIbHOTO HHUIMATOpa. XJIOPUCTHIH BHHHI, aKpHIOHUTPHI,
BHHHJIALETAT, TETPA(TOPITUIIEH HOTHMEPH3YIOT B CYCIIEH3HH MOHOMEDPA
B BOJE, HCIIOJAB3ysd B KadecTBe HHHIMATOpa peakTHB (DeHTOHa, T.e.
pactBops! coneld xene3a(ll), comepxamue mepexucs Bopopoxa. JT1a
cucrema obecneunBaer 00pa3oBaBME HWHHIMATOPA — MMAPOKCHIBHOIO
pagukana:

F&' + HOOH—— Fe®* + OH" 4 Ho-

o,
Fe™ ; H,0, ---—(CF—-CF-)-—

H,0
FeSQ4; H,0
CHz=CHCN b T T cn——cn
H,0

[HonuBHHWIDXUIOPHA, MONYYEHHBIH IpU paJHKAILHON HoIMMepH3a-
OUM XJIOPUCTOTO BHHWIA, UMEET CPEOHIOI0 MOJSPHYIO Maccy OKOJO
nofyropa MUINHOHOB. OH HCHOAB3yeTcs JUlsl IPOM3BOICTBA TPYO,
rPaMIUIaCTHHOK, a IIIACTUQHIIMPOBaHHBIA 3huUpaMu (HTaeBOH KHCIOTH
TTOJIMBHHMIXJIOPUA TPHUMEHAETCS U1l M3TOTOBIEHHS MCKYCCTBEHHOH
KOKH, IUTamei, H30JMMUOHHBIX MaTepuaaoB M UwiaHroB. Tedon,
HMEIOIMA MOJSIPHYIO MacCy OKOJO JBYX MHJIJIMOHOB, YCTOMYHB K
JEHCTBUIO KOHIIEHTPHPOBAHHBIX KHCIIOT, PacIUIaBICHHBIX INENoded u
LIEJIOUHBIX METAINOB Ipu TeMIieparype A0 300°C. [lonuakpunoHuTpun
M3BECTEH KAK CHHTETHYECKOE BOJIOKHO IO/ Ha3BaHHUEM OpJIOH, aKPUJIaH.
OTHIIEH TOABEPIaeTCs pagMKaIbHOH TOJTUMEPH3ALMH B OUEHb KECTKUX
yenoBusax npu temreparype 100-300°C u naBiaenuu ot 100 o 3000 arm
B IIPHCYTCTBHH KHCIOPOA HIIM NIEpeKuceil Kak HHUIUATopoR. [1pu aToM
rony4daercs TaK Ha3bIBaeMbIM MMONUATHIICH HHU3KOU IUIOTHOCTH, Mpen-
CTABIIONINI cO00M aMOpGHBI, IIACTHYHBIH [TOIUMED C TEMIIepaTypoi
pasmsiryenust oxoso 110°C.
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5.4.7.6. MOHHAJ ITOJTUMEPU3ALIMA AJTIKEHOB

MHorue aaKeHb TOITUMEPH3YIOTCS B IPUCYTCTBUH CHIBHBIX KUCIIOT.
B sroM cnywae poct nenu o0yCIOBIE€H NPHCOCAVMHEHHEM ANKEHOB K
KapOOKaTHOHY, 00pa3yiIeMycs B Pe3yabTaTe eKTPOQUILHOTO TPH-
COEOUHEHHUs] MHUIMATOopa MO ABOMHON cBsA3W. Takoil TUII HOIUMEDPH-
3alMH HOCHUT HA3BaHWE KamuorHoU noaumepuszayuu. 110 KaTHOHHOMY
MEXAHH3MY MOJMMEPH3YIOTCSA TaKHE AJIKEHBI, U3 KOTOPLIX 00pa3yiorcs
CPaBHUTENBHO yCTOHUMBBIE KapOokaTMOHBL. K HUM crenyeT OTHECTH
n300yTrneH, BuHWIOBBe 3¢upsl CH,=CH—OR, 3-merunbyren-1 u
HEKOTOpbIE NPON3BOAHEIE cTHpona. KaranuzaropoM KaTrHOHHON ITONH-
Mepu3auuu ciyxar xucinotel Jletouca: BF;, AlCl;, AlBry u npyrue B
MIPUCYTCTBHM OYEHb MaJIbIX KOJIHYECTB BOABL. B KauecTBe WILIIOCTpaLUu
[IPHBENEM KaTHOHHYIO IIOTHUMEPH3AITHIO U300y THIICHA, KATATH3UPYEMYIO
TpexdTOPHCTEIM 6OPOM.

Huuyuuposanue:

H,0+ BF; = H® + BF3(OH)°®.

CH, CH
) ®
(CH3) C+ CHz=C(CHz), ——— CHy—C—CH;—C

CH, CHy

CH;  CHy CH; CHy

cn,—c—cnz—ceB +  CHE=CI(CH;), ——> (CHy),C~CH;—C CH;—?@

cH CH CH CH

3 3 3\ 3/ a

OO6pBIB LlenH IPOMCXOAMT B pe3yiabrare MOTEPH MNPOTOHA HJIM OT-
phIBa THOPHA-HOHA OT APYIoro cybcrpara (mepeHoc LemnH). AJKEHBI,
cofiepKalye 3IEeKTPOHOAKIEITOPHEIE 3AMECTHTENH, a TAKXKE 3IOKCH-
JBl, NOJIMMEPU3YIOTCS B NPUCYTCTBUHM OuY€Hb CHIIBHBIX OCHOBAHHH —
METAIIOOPTaHUYIECKUX COETMHEHUM IIeNIOUHBIX MeTaloB. [Io cBoemy
MEXaHU3MY aHHOHHAs IONIUMEPH3AIMS OTIIMYAETCSA OT KATHOHHOH TeM,
YTO POCT UEMH OCYIIECTBISIETCS C yYacTHEM KapOaHMOHOB.

5.4.7.8. KOOPIUHAIIMOHHAA ITOJIMMEPU3ALIMA AJIKEHOB

[omumepu3anusa nponmiIeHa U APYTHX alkeHOB obureilt Gopmynsr
CH,=CHX (X=R; Cl; CN; COOR #u 1p.) 0 THIIY «T'0JIOBa K XBOCTY»
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IPUBOAUT K OOpa3OBAHUIO IIOMHMEPA, B KOTOPOM KaXKIbIi HETHBIA aTOM
yIIepoja ITTaBHON LENH OKa3bIBACTCS XHPAIbHBIM:

nCH,=CH — ... —CH,CH—CH,—CH—CH,—CH—CH,~CH— ...
X X X X X

CormacHo mnpuHATOH TepMuHomoru# (mi 8), 3T0 O3Ha4aer, 410 B
HCXOTHOM aJKeHe aroM YIIepona, CBA3AHHBIH C Ipymmoi X, sBIAETCS
[IPOXUPANBHEIM. B KOHEYHOM MOJIHMeEpe BO3MOXKHBI TPH PasTHYHBIX
BApHAHTAa PaCIONOXKEHHUs 3aMecTHTeNeH X M arOMOB BOAOPONa OTHO-
CUTENIHHO INIABHOM L[ENH, KOTOphle HA3bIBAIOTCS aTaKTHYECKUM, CHHIU-
OTAKTHYECKHM U U30TAKTHUECKHM.

HaorakthueckHit moaunponuien ({rpe4.) 430 — OAMHADHHHA)
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B ataxkTtuueckoM monuMepe IpyImmbl X pacloloKeHbl COBEPIIEHHO
X40THYHO, CTOAbL e XAOTHYHO dYepenayercs R- n S-xoHQHrypanus
XMpAaJbHBIX EHTPOB B momuMepe. PaaukanpHag ¥ KaTHOHHAS MOIUME-
pusarus ankenoB CH,=CHX npuBoaut k 0Opa3oBaHHIO aTaKTHYECKUX
MOIMMEPOB. ATAKTHUECKHE TONHMEPHI aMOP(GHEI U WUMEKOT CpaBHU-
TEJIBHO HH3KYIO TEMIIEparypy pasMardeHus. B CHHIAMOTAKTHYECKOM
nonuMepe pacronoxeHue 3amecturens X (Hanpumep, X=CHj;) ctporo
YIOOPSIOYCHHO UYepeAyeTcs Mo o0enM CTOpPOHAaM IMOIMMEPHOH HEIH.
DTo 03HayaeT, YTO B CHHIHOTAKTHYECKHX IOIMMepax KoHbHrypauus
XUpalbHBIX aTOMOB yIIIepoAa TAaKXKE PperyipHO H3MEHseTCs BAOJb
nenu: R, S, R, S, R, S, R, S u T. 1. TpeTbe BO3MOXHOE pacloOKeHHE
3aMECTUTENICH IPH XMPaNbHBIX LIEHTPaX MOoJIMMepa JOCTUraeTcd B H30-
TaKTUYECKHX MOTUMEPAX, KOTOPhIE HMEIOT OIHHAKOBYH0 KOH(MHUIYPaLIHIO
BCEX XHPAILHBIX aTOMOB yIiiepoa. B H30TakTHYECKMX IONHMeEpax
3aMecTHUTeN X PAacIOJIOKEHB! M0 OJHY CTOPOHY NOIMMEpHOH ILenH.
CHHIOHO- M M30TaKTHYECKHE MOMUMepsl ObUIH HEM3BECTHHI 10 1953 r,
xorza K. Humep B @PI" u Jx. Harra B Mtanuu nHezaBucHMO OpyT OT
JIpyra OTKPBUIM cHOCO0 CTepeoperyasipHOH NOTHMEPH3aLHUH aJKEHOB
H UX NPOM3BOAHEIX. Takas moauMMepH3anMsi OKa3ajlach BO3MOMKHOM
TOABKO B MPHCYTCTBUHM KaTaJIHM3aTOpPOB, COCTOSIIUX U3 coled mepe-
XOOHBIX METAJJIOB ¥ METAILIOOPTAHUYECKOIO COENUHEHHS, UTPaOLIEro
poas BoccTaHOBHTEN. Hanbonee M3BECTHBIM KaTamM3aTOPOM CTIEPEO-
PEeryAspHON NOTUMEpH3allUy sBsieTcs Kartanusatop Llurmepa—Harra,
KOTOPBIH MOMYyYaroT IIPH B3aHMOACHCTBUH TpHANKHIamioMuHus (R3Al)
¢ uetblpexxigopuctbiM TuTaHoM TiCly. Katanuzarop Hurmepa—Harra
O0OBIYHO HCHOAB3YKOT B BHAE CYCIIEH3HM B HHEPTHOM pAacTBOPHUTE-
ae. Ilomararor, 4r0 pacTymias IOAMMEpHas LeNb KOOPAHHHPYETCH ¢
NEKTPOHOACPHIHUTHRIMHU IICHTpAMHA THTAaHA HA IIOBEPXHOCTH KaTalH-
3aTOpa, HO TOYHBIH MEXaHHM3M KaTajH3a [0 CHX [Op HE YCTaHOBIEH.
CrepeoperymsipHas MOJIHMEPH3aliii Ha KOMIUIEKCHBIX Karaau3aTopax
HMOMYYHJIa Ha3BaHHE KOOPOUHAYUOHHOU norumepuszayuu. VIzotaxtude-
CKUI1 IOJIHITPOIIHJIEH, ITONYYEHHBIR IPH TIOJIHMEPH3ALUH NIPOITHIICHA Ha
karanu3arope Humepa—Hartta, pazMaryaercs npu TeMIiepaType BbIIIe
175°C, B TO BpeMs KaK aTaKTHYECKUH IMOIHIPOITHICH 3aMep3aeT [IPU
—30°C. Ilonuatunied, NHOIYYEHHBIH € MOMOUIBIO KOOPAHMHALMOHHOM
MONUMEPH3aINH, Ha3bIBAETCH MOMHITHICHOM BBLICOKOH IUTOTHOCTH; OH
HMEET KPUCTAJILTMYECKYIO CTPYKTYpY. Bce crepeoperyispHele ronume-
pBl XapaxkTepusyloTca boree yropsaodeHHOH KPHUCTAIMYECKOH CTPYK-
TYpOif 10 CPaBHCHMIO C WX aTaKTWUYECKHMH aHaJoramu. 3a OTKpHITHE
KOOPOMHAIIMOHHON cTepeoperyiapHoi moauMmepusanuud K. Lumep u
Jx. Harra Owpinm ymocroenbl B 1963 r. HoGeneBckoil npemMuu mo
XUMUH.
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5.5. KAPBEHbBI 1 KAPBEHOH/1bl
KapbeHaMH Ha3bIBAIOT HEHTpalbHBIE HECTAOHJIBHBIE YaCTHIBI C

JBYXKOODJMHAIMOHHBIM yIyleponoM obmieit ¢popmynsr R'—C—R?, rae
aToOM YIIEpOna COHNEPKHUT TONBKO UISCTh BAJACHTHHLIX 9SJEKTPOHOB.

Ero a3oTHCTBIl aHATOr ¢ OMHOBAJNIEHTHBRIM a30ToM R—N: Ha3nIBaeTcs

HHUTpeHOM. MBI NOCIIENOBATENbHO PACCMOTPUM CTPOEHHE KapOeHOB,
METO/IBI FEHEPALMH ITHX YPE3BbIYAHHO PEAKIMOHHOCIOCOBHBIX YaCTHIL
M [PHCOEAMHEHHE KapOEeHOB K JBOWHOM CBA3HM, a TaKkXe BHEJPEHUE
kapOeHoB 1o o-csizu C—H.

5.5.1. CTPOEHME KAPGEHOB

Hesamemennsiit kap6en :CH,, HasbIBaeMBIf TakxKe METHIICHOM,
MOXXeT HaxXOAMThCS B CHMHIJICTHOM WIM TpumneTHo#t dopme. B cuH-
mieTHOH dopMe KapOeHa ABa HECBA3BIBAIOIIMX DIIEKTPOHA HAXOHATCH
CO CHapeHHBIMM CIMHAMH Ha OJIHOH opbuTanmyu, B TO BpeMs Kak B
TpUILIETHOH (OpMe [Ba HECITAPEHHBIX JIEKTPOHA C IapAINENbHBI-
MU CIIHHAMH HAaXONSTCSH Ha [BYX opOHTAIsX ONHUHAKOBOH SHEPTHH.
CuHIeTHBI KapOeH MUaMarHUTEH, a TPUITIETHBIHM — TapaMarHUTEH,
MMO3TOMY CTPYKTypa TPHIUIETHOrO KapOeHa MOXKeT OBbITh H3ydeHa ¢
noMonisio IIP-ciekrpockonuu. Pasnuunbie 3neKTpoHHEbIE KOHPUrypa-
MK CHHIVICTHBIX M TPHUILIETHHIX KapOeHOB HAXONAT OTPaKEHHE KAK B
Pa3IUYHON reOMEeTpUH 3THX JACTHI, TaK U B Pa3sNUYHON XUMHUYECKOH
aKTHBHOCTH. JIBYXBalIeHTHBIN aTOM YIIIEPOAa CUHITIETHOTO KapOeHa Ha-
XOJHUTCA B Sp?-TUBPUIHOM COCTOAHMH, 062 JEKTPOHA PACIIONOXKEHBI Ha
sp*-rubpunuoit opburanu (B3MO), a p-op6urans (HCMO) ceoGonua.
TpuruieTHBIH KapOeH XapaKTepu3yeTcs sp-rubpuau3anueii 1ByXBaneHT-
HOTO yIepoza, IpY 5TOM [1Ba HECMAapEeHHBIX 3JIEKTPOHA pacIoaaratoTcs
Ha JByX p-opOutanax. Yron H—C—H mid CHHIVIETHOIO METHIICHA,
CONIACHO CHEKTpalIbHBIM JaHHBIM, paBeH 102°, a Ui TPHILIETHOIO
MeTWJIeHA OH yBenuumBaercs 1o 135-140°. Orto coorBercTBYeT 60see
BBHICOKOU CTaOMIIBHOCTH TPUIUIETHOrO MeThiena. CoOrmacHO NTaHHBIM
KBAaHTOBOMEXaHHUYECKHX PACICTOB, TPHIUICTHEI METUICH ACHCTBUTENb-
HO Ha 10 KKan/Mons cTabuiIbHee CHHIIIETHOTO METHIIeHA!

nycras p-opburans p-opburans
He (f g p-opburans
/\C@ sp2 rubpusnas H—CZ—H
H 0 opbutans &0
CUHFNRTHBIA TPUNAeTHBIA
MeTunex METWAeH
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3aMeCTHTENH BBI3LIBAIOT H3MEHEHHE OTHOCUTENBHOH CTabHIBHOCTH
IBYX YKa3aHHbBIX (opM kapbeHoB. s AHANKHIKapOCHOB TPUILIETHAS
dopma Tarke cTabHiapHee CHHITIETHOH, HO A auranokap6enos :CHal,
M OPYTHX KapOeHOB C 3aMECTHTEISIMH, COAEPKALUMMH HENONECICHHYIO
rapy 3JMeKTPOHOB, OCHOBHBIM COCTOSIHHEM SBIIS€TCS CHHIIETHOE. Ba-
aedTHEI yron Cl—C—Cl gns nuxsiiopkapbena, pasasiid 106°, xopomo
COTTIACYETCA C CHUHIIETHOH ¢(opmoil. bosee BhicOKas cTabMIIBHOCTB
CHHITIETHOH (GOpMBI IHUTATOKapOSHOB 10 CPaBHEHHIO C TPHIIIETHOH,
[IO-BHIHUMOMY, OOYCIIOBJICHa cTabuIM3anuei ee 3a C4eT HemoAeIeHHON
Iaphl IEKTPOHOB reTepoaroMa.

] - D
Al &l &
“Ne TN “\e
o /CI - /C: - C:
&l &l &7

Takass crabwin3anus TpHIIeTHOH (QOpMBI OUragokapOEHOB HEBO3-
MokHa. CornlacHO HaHHBIM KBAaHTOBOMEXAHHYECKOTO pacdeTra, JHeEp-
IHs CHHIJIET-TPHILICTHOTO NEpexoia Ul AUXJIIOpKapOeHa COCTaBlfeT
13,5 Kkxan/Moib.

5.5.2. METO/JbI TEHEPUPOBAHUS KAPBEHOB H KAPBEHOU/JIOB

CymecTBYeT HECKONILKO OOUIMX METOJOB TI'€HEPHPOBAHMS TAKUX
HecTaOUIBHBIX YacTHL, KaKk KapOeHbl. B OTHOM H3 HHX B KadecTBe
HCTOYHHKA KapOeHOB HCIIONB3YIOT aH(aTHISCKHE OUa30COeUHEHHA —
nuazoankansl (i 22). IlpocteiimmMm jnuasocoenuHeHHEM anubaTu-

® O
geckoro pspa sensercd auasomerad CH;=N=N: OH npencrasiser

co00l OTHOCHTENHLHO HEYCTOHYHMBOE BELIECTBO, pa3Jiaralouicecs MpH
00IyYeHHH Ha a30T U METHIICH:

c.@——’-’ﬁaéﬁfa L oN=n + wH

2
meTunel

Metunen :CH, npu ¢oronmze arazoMmeraHa obpasyercs B MeHee
crabunbpHOH cuHDIeTHOI dopMe. CHHITIETHRIA METIIICH B pe3yiabTare
CTOJIKHOBEHHI C MOJISKYJIaMH IHa30METaHa TEPAET FHEPrUI0 U TIpeBpa-
mnfaeTcst B 6onee cTabMIbHEIH TPUILIETHRIA MeTwieH. DoTosIH3 Ara3oco-
eAMHEeHHH yIo0eH IUIs reHepanud caMoTo METHIICHA, HO MaJIoyIoTpe-
OHM JUIS reHepalHy IpyIrux KapOeHOB BCIIeJCTBHE MAJIOH JOCTYITHOCTH
BBICIIMX [1Ha30aJIKaHOB. Pa3HOBHAHOCTBIO 3TOTO crocoba TeHeparuu
KapbeHa SBNSETCS KATAJIMTUYECKOE DPa3jIOoXKeHHE IHA30COSTMHEHHH H
B MEPBYIO O4Yepelb JHa30yKCYCHOTO 3¢HuUpa B NPUCYTCTBUH MEOH, €€
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COJIEH, a TaKKe HOHOB JPYTMX IEPEXOAHBIX MeTaminoB. Hexoroprie
[IpUMepH] Takoro crocoba reHepupoBaHus KapbeHoB OYIYT IPHUBEAEHBI
nanee.

bonee oOmiMH METO reHepHPOBAaHUS MOHO- H JHAIKHIKApOEHOB
3aKITIOYAETCS B TEPMUUECKOM WK (POTOXMMHYECKOM PA3IOKEHUM TO3HII-
THIPaz0HOB — IIPOU3BOHBIX KApOOHHUIIBHBIX COEIHHEHHH. DTOT METO/I,
B TIpHHIMUIIE, siBIISeTCS MOAX(HKanMel MeTona pasIoKeHUs THA30CO-
€JMHEHUI, TOCKOJIBKY H B 3TOM ClIydae HHTEPMEIHATaMH SBISIOT-
csi OuasocoeavHenus. McxomHble TO3MNTHAPAa3OHBI OOpa3yloTcs IpH
B3aUMOZIECHCTBUH albAETHIa MM KETOHA ¢ TO3WITHApasuHoM. Poro-
XMMHYECKOE Pa3/oXeHHe TOWITHAPA30HOB B NPHCYTCTBUH CHIIBHOTO
OCHOBaHHUA (mpem-OyTHiara Kanws, H-OyTWUIMTHA U 1p.) MO3BOJAET
u30exaTh BBIACICHUS NUazoankaHa. Obpa3yromeecs IHa30COEIMHEHHE
cpasy e noasepraerca GOTOXUMHUUYECKOMY Pa3lIOKEHHIO U He HAKAIUTH-
BaeTCs B pEaKIMOHHOH cpene. PasmoikeHne TO3WITHAPa3OHOB ¢ IEIBIO
reHepauHu KapOCHOB BCEFAA IPOBOIAT B alpOTOHHOU nHAU(bEepeHTHOH
cpege — numetokcudtane CH30OCH,;CH,OCH; (MOHOIIIMM) WiIH AUMeE-
tunosoM 3¢upe austunenrmukons CH3;OCH,CH,; —O—CH,CH,OCH;,
(nurnum):

1
AP R\ 9 R: N9 hy R: o
R C\R2+H2N—NH—TS ——;IC=N—NHT5 —_ 2,CjN—N—(]:‘s TTYE {c: + N=N + Ts
R R
KETOH TO3MArWAPa3OH waplen

Ts=CH3—©—soz— (ocTaToK Napa ToAyGACYNLQOKACAGTH!) .

g reHepupoBaHus QUranrokapOeHoB pa3paboTaHBl METOIBI, OCHO-
BAHHEIE Ha peakldH (-3THMUHHPOBAHMS TaIOTC€HOBOAOPONA U3 TpHU-
rajoreHOMeTaHOB IOJ AEHCTBUEM CHJIBHBIX OCHOBAaHUH. ITOT METOx
HCTOpHYECKH OBLT TEPBBIM, C IOMOIIBI0 KOTOPOTO B KayecTBE HH-
TepMeauara OB TeHepUpOBaH MEPBBIA W3 KapOeHOB — AuXiIopKapbeH
(Ix. Xaite, 1950). XmopodopM OTHOCHTCA K YHCIY OTHOCHTEILHO
cuneabix C—H xucimor ¢ pK; ~ 16 (1. 3). [pu m3aumoneitctauu
¢ CH/IBHBEIMH OCHOBaHHAMH U3 xJjiopodopma, OpoModopMa H APYTHX
TPHrajOreHMETaHOB 00pa3yeTcs aHuOH CHaI?, KOTOPBIM cTabunu3upy-
eTCs 3a CYET OTIIEMICHHS TaJOTeHHA-HOHA ¢ 00pa30BaHNEM AUTAIOKAp-
Oena:

. e e
6rIcTpo (CH3);COH + CCly M2, (14:CCl,

NHXI0pKapbeH

S
CHCl; +(CHj3);CO

S © S
CHCl; + OH = CCl3; + H,0 —:CCL +CL

458



B kayecTBe OCHOBAaHUA MOXHO HCIOJIB30BATH JIUTHHOPraHUYECKHE CO-
eAuHenMs B UHAK(depeHTHONH anpoToHHOH cpene. Torna npu —120°C
MOXHO 3a(HKCHPOBAaTh 00pa30BaHHE TPUXJIOPMETHILIHTHA B KadecTBE
HHTEpMEIHarTa:

CC12 + LiCL

CHCJ; + #C4HoLi “;“" 2P L CLi+ CyH g s

C noMOIILIO TAKHX CHUIBHBIX OCHOBaHHIA, Kak RLi, MOXXHO reHepHpOBaTh
Kapbens! u3 1,]1-TUranoreHNpPOM3BOAHBIX B JaXe H3 MOHOTAJIOIEHIIPO-
U3BOHBIX:

3¢up, —-120°C LiCHClz+C4H10 —80°C

CH,Cl, + C4H9Li
XJTOPUCTRIA  n-GyTHII-
METUJIeH aTRl

= :CHCI+LiCl;

MOHOXJIOpKapOeH

n-BuLi; — adwup
—_—

CsH4CHBr, CgHsCBr +C4H o + LiBr;
,0- UG POMTOIIY O

(benszansbpoMux) dennnbpom-
KapbeH

mpem-C4HoLi; a3dpup

C5H56H +C4Hp + LiBr.

¢ennnkaben

C¢HsCH3B

BeH3unbpoMug —78°C

Toury CTPYKTYpPY HMHTEpMEIMaTa B PEakUWH SIHMHHUPOBAHHUA C
HCIOIL30BAHHEM JINTHHOPraHHYECKUX COEJMHEHHH B KadyecTBE OCHO-
BaHUI YCTaHOBHUTEH oueHb TpynHO. Kpome cBobomuoro kapbexa :CX,
3€Ch BO3MOXHO 00pa3oBaHue pa3sIHYHbIX NPYTUX YACTUI, KOTOPHIE (10
XHMHYECKOMY IIOBEIEHHIO ITOA0OHbI KapbeHaMm, HO Ha caMoM JIeie 110
CTPOEHUIO PE3KO OTIMYAITCS OT XKapOeHOB. Taxue YacTHIIH HA3HIBAIOTCS
kapbenoudamu. K xapbenounam otHocarcs coepunenus tuna LiCCls,

Li

LiCHCl,, C¢Hs —CH—Br, koMmiekcsl KapOeHOB € raIOTeHUAAME JHTHS
M UENBIA Pl IPYTUX YacTHI, KOTOPbIe OyayT ynoMsHyTs ocobo. Heko-
TOpbIe U3 KapOEHOHIOB IO PEaKIMOHHOH CIOCOOHOCTH INPAKTHYECKH
HE OTIMYATCH OT CBOOOAHBIX KapOeHOB, Ui ApYyrux KapOeHouJI0B
XapakTepHa HHAsg PEaKIUOHHAd CHOCOOHOCThL, YeM AN CaMHUX Kap-
Genos. O6mwmii moaxon X IudgepeHIMand UCTHHHBIX KapOEHOB H
KapOSHOUIOB 3aKITIOYAETCA B CPAaBHEHMH pacHpeleleHHus IPOAYKTOB U
HX CTEpPEOX¥MHH B KOHKYpUpYMOUWMX peakiusax. OObIYHO B KadecTBe
CTaHzxapra s CPAaBHEHHUS BBHIOMPAIOT TakOH METOM, Ie MOXKET IeHe-
pHPOBATHCS TOIBLKO UCTHHHBIN KapOeH, Kak, HarpuMep, npu (ortoiause
JIUA30aJKAHOB M CONEH TOZWITHAPA30HOB. DTUM CII0cO60M GbLIO TOKa-
3aHo, uyro kapbeHoun LiCCl; pasmaraercs Ha HctuHHBI KapbeH :CCl,
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4, TaKUM 00pazoM, 110 CBOEH PeaKiMOHHOM CI0COOHOCTH HACHTHYEH Ca-
MoMy juxiopkapbeny. C Ipyro#t CTOpoHbI, peaKIIHOHHAs CIIOCODHOCTE
xkapbenouna, obpasymomerocs mpu B3auMoleHcTBUM OeHzannbpomuna
CsHsCHBr; ¢ #-6yTHinmiTHEM, B PeaKIUsIX MPUCOESHHHEHHS K aJIKeHaM

CHIIBHO OTIIHYAETCA OT HCTHHHOTO (peHMNIKapbena CgHsCH.

JuxnopkapbeH MoXeT OBITh T€HEepUpPOBaH JICKapOOKCHIHMPOBAHUEM
CyXoro TpHxjopauerara Hatpus B TI'® unu auMeTokcusTage:

0
. 7 e © e
Cl3 q_j‘c‘%.e-———b €Cly +C0,~—» :cct, +c° .

JuranokapbeHsl MoOryr OBITH TakXkKe TE€HEPHPOBAHBI H IIPH Q-
MMMHUHUPOBAHUM U3 KOBaJIEHTHHIX METAJIOOPTaHHYECKUX COECHUHE-
Huii. Hanbonee ynoOHBIM HeTOUHHKOM Auranokap6enos :CHal, sBiiatot-
¢ HeliTpanbhble pryThopranudeckue coeanHenus tuna CoHsHgCHaly
(cM. . 23). B HEX CcBs3b YIVIEPOA—PTYTh KOBaJeHTHA U Ui 00pa3oBa-
HHUA TUTajgokapOeHa TpebyeTcs HarpeBaHue:

C¢HsHgCHal; - C¢HsHgHal+ :CHal,.

DTOT MeToZ TeHepUpoBaHus KapOeHOB HUMEET TO IIPEHMYIIECTBO, UTO
peakuys HPOBOJUTCS B COBEPIISHHO HEHTPAJILHOM Cpefie B OTCYTCTBHE
CHJIBHBIX OCHOBAaHMH, CIOCOOHBIX BBI3HIBATH W3OMEPHU3AIMIO HPONYK-
TOB NpHCOENUHEHHS KapOEeHOB K JBOMHON cBa3u ankeHoB. Jlpyrue
METAJUIOOPraHUIeCKHe HCTOUHMKH KapOeHoB, Hanpumep R;SnCHals,
R3GeCHal; 1 ap., HCIIONB3YIOTCA TOpa3fo pexe, YeM pTyThopraHude-
ckue coepunenus C¢HsHgCHals.

5.5.3. PEAKIIUU KAPBEHOB 1 KAPEEHOHOB

5.5.3.a. TIPUCOEJMHEHME K NBOMHOM CBS3U AJIKEHOB
C OBPA3OBAHUEM [TPOU3BOAHBIX LIMKJIOIIPOITAHA

IIpucoenunenue xapOeHOB K aJKeHaM ¢ 00pa3oBaHKEM HMpPOM3BOL-
HBIX IHKJIONIPOIIaHa SIBIISIETCS Ba)KHEHIIeHd peakiued xapbeHoB. Peak-
us Oputa oTkpoiTa B 1954 o Jlepunrom u XojpMaHOM, B B HacTosIee
BpemMs 3TO Haubolee pacpocTpaHeHHBIH o0mumil criocob cuHTe3a Ipo-
W3BOJIHBIX HHKJIONPONIaHa H NOCTPOEHKS MUKIONPONAHOBOIO KOJIbLA:

R! CH— CHRZ.

x7 X

R!CH=CHR?*+:CX, —
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B arofi peakuuu Haubonee OTYETIIMBO IPOSABISETCS Pas3iH4HE B pe-
aKIIMOHHOH CIOCOOHOCTH CHUHITIETHOM M TpHINEeTHO# (opMmel kapbe-
noB. KapOeH B TpHMILIETHOM COCTOSHHM SfBISeTCS OUpaaMKalioM, U
clemyeT OXHIaTh, YTO TPUIIETHBIH KkapOeH NomxeH obmamare Takoi
K€ PEeaKiMOHHOM CIOCOOHOCTBIO H CENEKTHBHOCTHIO B PEaKLMIX C
aJKeHaMM, KaK M APYTHE paguKanbHble 9acTUHIbl. CHHIIETHBIN kKapOeH ¢
IMYCTOH p-OpOUTANBIO H HETIOJIEICHHOM [Tapoil 3JIEKTPOHOR JOIKEH OBITH
«OU(IIBHBEIMY PEAreHTOM, T. €. OJHOBPEMEHHO U 31eKTPOGHILHBIM U
HyKJI1€ohHIbHBIM areHToM. CHHINIETHBIN KapOeH MOXET y4acTBOBaTh B
CHHXPOHHOM OJfHOCTaUITHOM IMKJIONPHCOEMHEHUM K IBORHON CBS3H,
TOTAA KaK TPUIUIETHBRIA KapOeH JOKEH NPUCOENHMHATHECS B JIBE MOCIHE-
JloBaTeNbHbIE CTANUH:

(CHy),c0K Br
() + ot (<
(80%)
7,7- RubpomHopKapan

_ . NeHTan
(CH3),C=C(CH3),+ CHCL, +-CoHoli TgFE““(C”a)zC\’“/C(C”S)z (67%) .
c
7/
ci

Js CHHITIETHOro KapOeHa XapaKTepHO CHHXPOHHOE MPHCOEOUHCHHE
K ABOWMHOH CBA3M aJKEHA C TIONHBIM COXPAaHCHHEM I€OMETpUHU IpH
J1BOHHOU cBs3u. IIpucoenunenue cuHmieTHOR GopMel kapbeHa 110 ABOK-
HOil CBSI3M NPOMCXOIUT, TAKMM 0Opa3oM, CTpOro crepeocrenuuyHo.
Ota peakiisd OTHOCHTCA K YHCIY TaK Ha3bIBAEMBIX IEPHIIMKIHIECKHX
peakmuii (cM. m1. 25):

H H He, H
\/C=C/ + :CX, > )C /C’\
1 NR?  currnerHsit R \C R
yuc-anKken Kapben AN
X X
R, M R\, H
c==¢C + 10X, — c c
H/ Ng?  curnermuiA H/ N¢ / g2
Kapben /'\
Tpanc-anken X X

B kagecTBe nmpuMepa crepeocrnetuPUIecKoro IpUCOSIHHEHUS CHH-
rIeTHOTO KapbOeHa K aJKeHaM NpHBe/eM [IpUCcoelMHeHHe TuXIopkapbe-
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HA K YuC-TIEHTEHY-2:

CHLH, CH, CH,CH,———— CH,
\C=C/ + CHCI (cn,).ceo%9 CH Cg 670
/7N " (cHacon H CH (67%).
H H ¢

/
Cl d

ITepBOHaYaNbHO AUXICPKAPOEH FEHEPHPOBAIIH IIPH B3aUMOEHCTBHH
xJopodopMa IMOA JeicTBHEM mpem-OyTHIIaTa HaTpHst B allpOTOHHOH
cpene (3dup, TT'®, JIMD, neHTaH) UM IIPH TEPMUISCKOM Pa3IOKEHUH
cyxoro Tpuxjopauerara Hatpui B JIM3. C BHenpeHUeM B NMpPaKTHKY
OpraHHUYEecKOro CHHTE3a METo/a MeX(]asHOro xaramisa ¢ IEepeHOCOM
peareHTOB M3 BOXHOH B OpraHMYecKyro ¢a3y 3TOT METOJ HAIIEH HIHpO-
Koe NpHMEHEHUE W YIS NPUCOEeIUHEHUS AUTANOKapOCHOB K AJIKEHaM
(Teopernueckie OCHOBHI Mex(]a3Horo karanusa OynyT NpUBENEHHI B
1. 9).

JuxnopxapbeH, reHepMpOBaHHEIH B BOJIE, MTOABEPraeTcs ObICTpOMY
riposM3y ¢ oOpaszoBanuem oxcupa yrimepopa(ll), mosromy mns mo-
JTy4YeHHUs] TEMHUHANbHBIX IHXJOPIHKIONPOIAHOB KapOeH HeoOXoauMo
TeHEpUPOBATh B OpraHudYeckod ¢ase, a He B Boje. JTO JOCTHIAETCH
JIENIPOTOHHPOBaHHEM XJI0podopMa IOR NEeHCTBHEM IHAPOKCHI-HOHA Ha
rpaunuie pasfena ¢as xiaopopopm—sona. Janee annon CCly pasna-
raercs Ha AUXJIOpPKapOeH W XJIOPHJI-MOH YXKe B Opranudeckod dase u
JIUXI0opKapOeH NpUCoeIHHASTCS K ABOHHOM cBi3H ankeHa. Obmas cxeMa
HpeBpaUIeHHH ONMUCHIBASTCS MPUBEACHHON HUXKE IT0CIE/[0BATETbHOCTBIO
YpaBHEHHUIL:

NaOH,oze + QF c1;°,u, = NaClgoms + QTOHS -
Q*OHS, = QTOHE:,
QtOHE. 4-CHCI, = H,0+QTCClE,:,
QrcaIR,: = QPaig + e,
R,C=CR, -+ :CCl, — R,C—CR,,

N/

cCl,
Qta1s: = Q®al..,

rne Q" =N"(CH;C¢Hs)(CH;CH;)3; N*CH3(CgHy7)3 uiam apyroii mumo-
(UIBHBII KaTHOH TeTpaanKHIaMMOHUA WiH ochoHms.

®a30BEIi IEPEHOC B 3TOM Cilydae 3aKII04aeTcs B IEPEHOCE THAPOK-
CHIIa TeTPAAIKUIAMMOHUS U3 BOJHOM B opranudeckyro ¢asy. [Ipocrora
JTOTO MeETOda TEeHEPHpPOBaHUs jauranokapbenoB (M. Maxomia, 1969)
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Caciaano JErko HOCTYIHBIM CO3AaHHE IHUKIONPONAHOBOIO KOJblla B
YCIIOBHAX Mexccbamoro InepeHoca. B macrosiee BpPCMA IIPUCOCIIHHEHNE
nnranoxap6en03 K IOBOWHOM CBS3U OCYHICCTBIIACTCE HMEHHO 3THUM
MeTOZIOM. BEIXOOBI l,l—ZlHFaJIOI‘eHBaMeH_ICHHHX IMUKJIOTTPOITAHOB, KakK
IIpaBUJIO, BECbMa BBICOKH H BOCIIPOU3BOJAUMBI. HBKOTOpLIe IIPUMEPEI
OPpUCOCAUHEHMA I{I/XI‘aIIOKaPGGHOB K aJIKCHaM B YCIOBHAX MC)K(ba?aHOFO
KaTajii3a IIPUBCACHBl HHUXE:
CHCL3~ H,0 ~ NaoH
CgHsCH=CH, CeHz—CH—CH, (85%)
N"(CH, C gHs (CH CH3),01® h4

-cu
i
O CHCL3—H,0—NaOH O<C1
D ) i cl {70%)
CHaN (CgH ,),CL
a
N

C

CHCL3H,0~NaoH RN
22 CHy{CcH, )3~ CH—CH, (60%)

CH,(cH ) CH=CH

2)3 2 D (=)
(CgH,y)sN CHyCL

aa

CHCl; NaOH-H.0
DDt GG oo

o o
N {CH,CH, ) ,CH,CeHsCL

IIpu BoccranoBienun 1,1-auranore HUMKIONPONAHOB IIOK ACHCTBHU-
€M JIMTUA ¥ mpem-0yTHI0BOTO criipTa 00a aroMa rajiorea 3aMeniaTcs
Ha BOJOpOX. JTO OAHH M3 OOLIMX METOXOB MOJYYCHHS ITPOU3BOTHBIX
UMKJIONPOTIaHa:

a . e
O><CL + Li+ (CH3) Lo ———— (j)ch2 (86%)

B paMkax KOHUENIHH COXpaHEHH OpOUTATBHON cCHMMeETPHH (L. 25)
NIPUCOEAHHEHHE CHHIMETHOro KapbeHa K ABOMHOM CBS3M CIEAYET pac-
CMaTpHBaTh KakK (72 + w2)-UHUKIONPHCOETHHEHUE. DTOT MPOLEcC Io-
JipobHO paccMoTpeH B pasaene 2.4.1.a (rin. 2).

TpunneTHslt kapOeH KaKk THUNMWYHBIA OUpamuKan NDpUCOEAUHICTCS
K aJKeHaM IO JABYXCTaJuHHOMY MEXaHH3MY C IIPOMEXYTOYHBIM 00-
pa3oBaHMeM HOBOTO OMpaaukaga. 3aMbIKaHHME [UKNa B Oupajukane ¢
obpa30BaHHEM NPOH3BOLHOTO IMHUKIONPOIIAHA HEBO3MOKHO JI0 TEX MO,
IIOKa OJMH M3 IEKTPOHOB B OMpajiMKalie He MOABEPrHETCS CIHHOBOH
HHBEPCHU. MHBepcHa crimHa — Gosee MeUieHHBIH IIpollecce Mo cpas-
HEHHIO ¢ BparieHneM BOKpyr mnpocteix C—C-cBiasell B OHpagukaie.
IlosToMy 3aMblkaHue LHUKJIONPOIIAHOBOTO KOJNbla MPUBOAHT K 0Opa-
30BaHHI0 OOOHX JHACTEPEOMEpOB. JIeHCTBUTEIBHO, IPHCOCHUHEHHE
TPHUILJIETHOIO KapOeHa K JBOHHOH CBA3M HecTepeocneunUyHo H B
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obmemM ciydae OPUBOAMT K 0OOpa3oBaHHIO ODOHX AHACTEPEOMEPHBIX
(hopM LMKIIOIIPONIAHOBOTO [TPOH3BOIHOTO:

i 2 ! 2 1 2 1 2
R /R r R \_t R megnenno RNJ R N R
f=0 +og— =€ ———— C—C, ——

7 ., u3oMepulauug ¢ AN
H H H ! ¢ wneepcuen  H I
10Xy CniHa 1cx; X7 ™K

. M€ AEHHO s, % N ,

e it C—
4 \ wioMmepuiaumn N\
I H ¢ uxsepcued  R! I
ICXZ cnnHa 1CX1 X X

6LicTpo

2
',R

o o
G
r')—-.

R

CrepeocniempuyHOCTh NpHCOETHHEHUS KapOEHOB K alKkeHaM B
pacTBOpE MHMPOKO HCIIONB3YETCH UL ONpENeTeHHsS] MYIbTHILIETHOCTH
reHepupyemoro kapbena. Crepeocrneiu(puyHOCTE NPHCOSAHHEHHS Pac-
CMaTpPUBAETCs KaK [OKa3arenbCTBO YJaCTHs CHHINIETHOH ¢opMei. OT-
CYTCTBHE CTEpEOCHEeHHPHYIHOCTH JOMYCKAaeT OJHOBPEMEHHOE yJacTHe
H CHHIVIETHOH M TPHIUIETHOH (POpPMBI, HO MOMET CIYXHUTh HHOTHA
OCHOBaHHEM ISl Y9aCTHs TOIBKO TPHIUIETHOTO KapOeHa.

O¢dexTHBHBIA ¥ IKCIEPUMEHTANBHO OYEHb IIPOCTOH crmocod mpe-
BpaluleHHUs aJKeHOB B [IPOH3BO/IHbIE IIMKIONPOIaHa OCHOBAH Ha PEaKIMH
aJKEHOB C HOAMCTHIM METHJIEHOM M CIUIaBOM IIMHKa M Memd. OTa
peaxuus 6sina orkperra B 1958 . I. Cummoncom u P. CMmuToM | cpasy
€ 3aBOEBaJia IIMPOKYIO NOMYISIPHOCTh B CHHTE3€ MPOM3BOMHBIX ITHK-
JorpomnaHa. AKTUBHOH JacTHIei B 3T0H peakiuu sBisiercs He kapber
:CH,, a xapbenonn — fiomun HomMetmnuika IZnCH, 1, obpasyrouuiics
IIPH B3aUMOAEHCTBUH HOAMCTOrO METHJIEHA H UMHK—MENHON aphl:

CHzlz + Zn(Cu) — ICsznI.

Ilepenoc Mermnena u3 ICH,Znl npoucxoaut crepeocnenudpuyao, HO
ceobognsiit :CH;, He ABsgeTCS HHTEPMEAHATOM U pearupyroniei 4acTH-
IIed B 3TOM IIpoliecce sBIsSeTcs KOMIUIEKC KapOeHa ¢ HOIMAOM ITHH-
ka. Peaxuus CuMMoHca—CMuUTa NpeAcTaBiseT cO60H HCKIIOUHTEILHO
yAOOHBIIt METOH JAJI NpeBpAleHHs alkeHOB B ILIMKIIONPOIAHBI, XOTA
BBIXO/IBI IIPOAYKTOB Konebmatores ot 30 no 90%:

ZD(CU-) o
O + oI, —meaEe O> (92%)

HOpKapan
In{cu) CHy—CH,
— - ——————————
CHi—CH COCH3 + CHZIZ qup‘ 40°C \CH/ C/CH3 (500/0)
H
Zn(Cu) o ST
— ————————————
CHy(CH, ) CH=CH, +CH, 1, T CH e, cii—cH, (30%
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Hpyrum s¢pexTHBHBIM cHIOCOOOM TeHEepHpOBaHUS KapOSHOUIOB
SIBJIIETCS YIOMSHYTOE paHee KaTalMTHIECKOE Pa3IoKEHHE NHA30COE M-
HEeHHUH B IPHCYTCTBHH MeIH U ee colel. Tak, HalpumMep, mpaHc-oOKTeH-4
IIPH B3aHMOJIEHCTBHHU C AHA30YKCYCHBIM 3QHpOM obpasyeT apup mparc-
JUTIPOMIILUAKIONPONaHKapOOHOBOH KHCIIOTHI:

Gty H
Hrs H Gelponpbiia ; 90° ~
opHbi CuS0y; 90°C ,
>c=c/ +  N,CHCOOCHg 3 , (62%)
H Cfty H G,
H C00C M

B peakiiiy MpUCOEIWHEHHS K JBOHHOM CBS3M NPHHHMAET ydacTHe
He caMm KapOsTokcukapbeH, a xapOeHOU — KOMILIEKC 3Toro kapbeHa
C HOHOM Meu. JTO JIETKO YCTAaHABIMBAETCHA MO PA3NHIHOMY COCTaBY
MIPOAYKTOB, IIOXY9aeMbIX U3 HCTHHHBIX kKapOeHOB H KapOEHOHIOB ME]IH.
CoOOTHOIIIEHHE 3HA0- U IK30- NPOAYKTOB MPHCOEIHHEHHS HCTUHHOTO
KapO3TOKCHKAapOeHa, MONYUEeHHOT0 IPH oToNH3e AMa30yYKCYCHOTO -
pa, K [MKIIOTeKCEHY Pe3KO OTIHYAeTCsi OT TOro, KOTopoe Hablonaercs
NPy KaTajin3e MebIo;

H
€00C,Hg COOC,Hg
@ +  NCHCOOCHg s -+ O>LH
hy (31%) (16%)
c? (69%) (4%)

Hexotopele kapOeHBI HACTOJNBKO AKTUBHEI, YTO CIOCOOHHI MpH-
COCAMHATECH Ja)ke K apoMaTHYeckoMy Koubly Oen3oma. OCHOBHEBEIM
aponyKTOoM (OTONMKH3a JHA30METaHa B pacTBope B OEH30JIE ABIACTCA
HUKIorenTarpuen-1,3,5:

O o [ —O

AHANOTHYHO pearHpyeT ¥ AUa30yKCYCHBIH 3dup:

14
© + CHN,C00C,Hy ———> CHCOOCH; ————
COO0C,Hg
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5.5.3.6. PEAKIIMA BHEJPEHHA ITO CBA3H C—H

YHHKaIbHOH OCOOEHHOCTBIO CHHIVIETHOTO KapOeHa SBISeTcs Crio-
cobHocTs BHenpsaThest 1o cBsisn C—H yrnesomoponos. Peakimonnas
CIIOCOOHOCTh CHHITIETHOrO METHJICHA HACTOJIBKO BEJIHMKA, UTO BHEApe-
Hue ero no cBizw C—H ue mzbuparensHo. Cesazu C—H ans nep-
BHYHOI'O, BTOPHYHOTO H TPETHYHOIO aTOMOB yIlepojia NOABEPraroTcs
aTake cHHMeTHoro :CH; mnpHMepHO C OAMHAaKOBBIMH CKOPOCTSIMH.
Tak, HanpuMep, pacnpeneneHue nponyxroB BHeapenus :CH, B ciayuae
H-TEIITaHA COOTBETCTBYET CTATUCTHUYECKOMY PACIPEIECIEHHIO H30MEPOB.
Jns kapbarokcukap6eHa CeNneKTHBHOCTE MaJIo OTIIMYIAeTCs OT METHIIEHA.
Buenpenne kapbstokcukapbena no tperuasoi C—H-cBsi3u nponcxonut
TOJNBKO B TPH pa3a beicTpee, yem no nepsuynoil C—H-cBsa3u.

Peakuuu BHEIpEeHUst XapaKTEPHBI TOJIBKO JUIS aKTHBHBIX CHHIJIETHBIX
KapOeHos. /{uranokap6eHs! He BHenpsitorcs o cBa3u C—H. Jlna tpu-
IUIETHBIX KapOSHOB XapaKTepHEI He peakI[iy BHeApeH:s 1o cBsa3u C—H,
a OTIIEINIEHUE OT aKaHOB aTOMa BOIOpOAa ¢ 00pazoBaHneM CBOOOTHBIX
PaAHKAaJIOB:

CH;CH,CH;+ T CH; — CH3CH,CH, + CH;—CH—CHj3 + CH;.

5.5.4. HUTPEHDI

Hn"rpem,x R— N, T. €. 4aCTHUIBI C OJHOBAJICHTHHIM a30TOM, SBISAIOTCS

3NEKTPOHHBIMH aHanoraMu kap6eHoB. Hutpen, obpasyromuiics B Kaue-
CTBEe MHTepMenuara npH obnyyennn Y®-cBeToM 3¢upoB aszunokapbo-
HOBO# KucnoTel N3 —COOC;,Hs, crepeocrenuduyHo NpUCOSANHSIOTCS
K alKeHaM ¢ 00pa3oBaHHEM a3UPHINHOB!

0 0
o 6. i A O i
N=N=N-COCH,CH,——N=N + | N-C-OCHCH,| ———— N-C—OCH,CH,

HWTpeH (50%)

OnHako BBIXOZABI a3UPHMHOB B 3TOM Cilydae, KaK IIPaBHJIO, HEBBICOKH
U HaWIyd4IHe pPe3ylIbTaTsl JOCTUIAIOTCS MPU UCIONIB30BAHUH APYIoH
MTOCISIOBATENIFHOCTH NPEBPALICHHH. A3MIBl HCKIIOYUTENIBHO JIETKO
BCTYIAIOT B pEAKUHIO 1,3-AHMOIAPHOTO HUKIIOIPUCOSAHEHHUS (1. 25) K
JBOWHOM CBSI3H QJIKCHOB, IPUBOIALIYIO K TPUA30JIHHY — ISTULICHHOMY
TETEPOLMKILY C TPEMS aToMaMH a30Ta. POpMalIbHO 3Ta peakiys nogobHa
MPUCOEAUHEHHIO 030HA K alKeHaM ¢ obpa3oBaHHeM MOJb030HMAA. Hpu
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¢$oToNM3Ee TPUA3OIHHOB OTILEIUIAETCS MOJEKYNa a30Ta H MONydaeTcs
A3UPHUIMH, HAIPUMeED:

N
S JE N O
_—— —— =
A menTan /N:a“m" N—coocnzcﬂ,+ N=N

"

HO HeH |

PEOBren  Coacc CooCH,CH,
TpUa3ouH

a3UpnAuH
{95%)

KapbeHbl 1 HUTPEHBI UIPAIOT KIIIOYEBHIE POJIH B IIEPErPYIITHPOBKaX
Boneda, Kypuuyca, llimunra, [opmana u 1. 1. Mexanusm 3Tux nepe-
IpYNIHPOBOK OyAeT paccMOTpeH B IaBe 26.
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VYIieBonoposl, cofepiKalie TPOHHYIO YIiepoa-yIepoAHYIO CBA3b,
HaspiBaroTCH ankunamuy. CTpoeHHe NpocTeHero u3 HUX — aueTHICHAa —
MIPHBENEHO HIDKE. AIIETHIICH (3THH) HMEET JIMHERHOE CTPOEHHE C OYEHb
KOPOTKHM paccTrosHueM 1,203 A mexiy sapamu JBYX aTOMOB yIJIepoAa:

°

12034 1p61%
C(==C—5—H

180°

Cease C—H Ttakke xopode, ueMm crasu C—H B aTuiieHe W 3Tade.
Bce cTpyKTypHBIE XapaKTEPUCTHKHM alleTUIECHA JIETKO MOJAarTcs 00b-
SICHEHUIO, €CJIH [IPUHATH TUIOTe3y 00 sp-rudpuan3anuy o60uxX aToOMOB
yrepoaa. Css3zs C—H, obpasoBaHHas HepeKpbIBaHHEM sp-IHOpHIHON
opburanu yriepoaa W s-opbutand Bogopona (sp—s), HobKHa OBITh
Kopoue, ueM sp’—s-cBsasb C—H B »Tunene, uto u HalIonaercs
B neiictBurensHoctd. Jmuwa C—H cBd3su ymeHbIIaeTcs B pAny:
sp>—s > sp®—s > sp—s. OHa U3 yIIepoNi-yIEPOHbIX CBA3EH B alleTH-
JeHe obpazoBaHa NepPeKphIBAHUEM JIBYX JKBHBAIEHTHBIX SP-THOPHIHBIX
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Mdu3utecKHe cBoiicTBa aTKHHOB

Tabnuua 6.1

O
AN
AnkHH Dopmyna g % %5 orT/;?]crb,
s 32 S e
& B & E
3THH
(aueTunex) HC=CH —82 -84 0,620
npu —80°C
Iponun CH;C=CH —104 -23 0,678
npu —27°C
Bytun-1 CH3CH,—C=CH —130 8 0,67
bytun-2 CH3;C=C~CHs —28 27 0,69
Ilenrnn-1 CH3;CH;—C=CH ~95 40 0,69
IlenTun-2 CH;3;CH,C=CCH; —101 55 0,71
3-Merun-

OyTus-1 (CH3),CH—C=CH — 28 0,67
Tekcun-i CH3(CH;);C=CH —124 71 0,73
Texcun-2 CH3CH,CH,C=C—CHj3 —92 84 0,71
Texcuu-3 CH;CH,;C=CCH,CHj; —51 82 0,73
3,3-umeTnn-

OyTun-1 (CH3)3C—-C=CH —81 38 0,67
(mpem-Byrn-

alCTUIICH)

Tentuu-1 CH;3(CH,)4C=CH —80 100 0,73

OxTuH-1 CH;(CH»)sC=CH —70 126 0,75

Honun-1 CH;3(CH;)sC=CH —65 151 0,76

Heuun-1 CH3(CH;);C=CH -40 182 0,77

Jeunn-5 CH;3(CH3)3:C=C(CH;)3CH3 — 78 —
npu 25 mm Hg

opbuTaneii: 310 o-cBs3b. [{Be Apyrue yriepon-yriepoIHbIe CBI3H SBJIA-
HOTCSL T-CBA3AMH M 00pasyloTCs NPH NEPEKPLIBAHUK IBYX p,; H OBYX Py
opburaneii. DNEKTPOHHAS IUIOTHOCThL B JBYX OPTOTOHAIBHBIX 77-CBA3AX
obpasyeT Top ¢ HHIMHAPHIECKOH OChbi0 cuMMeTpuH. Bonee monpobHoe
ONHCaHHE SICKTPOHHOH KOH(UIypalldy alleTHIIEHa 1aHO B T7aBe 1,
Dusnyeckue CBOMCTBA AIKHHOB IIPeACTaBIeHbI B Tabn. 6.1.

BOAOPOAa 3aMCIICHBI Ha aJIKHUJIBbHBIC IPYIIILI:

CH;CH,=C—CH;,

ITHIMETHIAUETHNIEH

6.1. HOMEHKJIATYPA

IIpocTeie anxunbl, cormacHo oOmeil HOMEHKIIATYpe, PACCMAaTpHUBa-
IOTCS KaK MPOH3BOJHBIE ALETHICHA, Y KOTOPOTO OJMH HIIH JBa aroMa

mpem-GyTUnaueTWICH

CeHsC=CCgHs

nmpermnauﬂymcn
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B cucremarndeckoir HoMmeHknatype MIOIIAK ang ankuHOB BBENEHO
OKOHYAHHE «HH», KOTOPOE 3aMEHSET OKOHYAHHE «aH» AJIKAaHOB!

CHs

CH;CH,C=CCH3 CH;3;—-C—-C=CCH;

CH;

HeHTHH2 3,3-aumetunGyTHn-1

8 7 6 5 4 3 2 Ji
CH;CH,;—CH;—CH—-C=C—-CH,CH;

CH,CH;
5-3THIOKTHH-3
Ecnu uMeercs apyrag gyHKuHoHanpHas rpynna, takas kak OH, CHO,
COOH ¥ pap., MMEHHO OHA ONpeAeAeT HaqdaI0 HyMeEPaluu:

I 2 3 4 5
HO—-CH,—CH,CH,C=CH H—-C—-CH;—CH—C=CH

CH;
4-rteHTHH-1-03T 3-MeTWI-4-NEHTHHANB
Ecnu B MOJICKYJIC NPHUCYTCTBYIOT OXHOBPEMEHHO H IBOHHASA U Tpoi'maa
CBA3H, IIPA HYMCPALIUHK NMPECANIOUTCHUEC OTAACTCHA IBOMHOHU CBA3U!
6 S5 4 3 2 1
HC=C-CH,—CH,—CH=CH, CH3;CH=CH—-C=CH

1-rekcen-5-ux neHTeH-3-uH-1

6.2. NIOJYYEHHUE AJIKHHOB

Metonpl MonMydeHus ajKHHOB MOXKHO PAas3Ne/IUTh Ha JABE TPYIIIBL
ATKUIIHPOBAHHE AIIETHIIEHH/I-AHHOHA U PEaKIHH OTIIEIUICHHS, IPUBO-
JIsiIne K 00pa3oBaHHIO TPOHHOM CBA3H.

6.2.1. ATKHJIMPOBAHUE AIIETUWJIEHH/JI-HOHA U KAPBAHUOHOB
TEPMHUHAJIBHBIX AJIKMHOB

ANETHIICHU-UOHB! aJIKHITHPYIOTCH MOA ACHCTBUEM IIEPBHYHBIX aJl-
KUIOPOMHUZIOB ¥ ANKMIIHOAWIOB C 06pa3oBaHMEM ajJKHMHOB C BBIXOJOM
06e19HO Oosee 70%. Drta peaxuusi, B CYIIHOCTH, MpencTaBiser coboit
THOHYHBIA [Mponecc OMMONEKYISIPHOro HYKIeo(UIbHOTO 3aMENIeHHS
Yy HACBHIIEHHOIO aroMa ymiepona (DL 9), rie posib HyKI€O(QHIHHOTO
AreHTa BBIIOIHSIOT KapOaHHOHB] alleTHIICHA MU aJKHHa-1:

TM®TA wm JMCO

RICECG + RZCHZBr > RICECCHzRZ +Bre.
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Kapbanuoss! anernieHa ¥ €ro NOMONOIOB OpelcTaBisiioT coboil He
TONLKO OYEHb CUIBLHBIA HYKICOQUIBHBIA areHT, HO TaKXe M CUJIbHOE
OCHOBaHME, O KoToporo pK, conpsbkeHHOH kucnotsl paBHO 25. Ilo
STOH NpHUYUHE BHICOKHE BEIXOABI alIKUHOB AOCTUIAIOTCA IIPH HCIONB30-
BAHMH B KaueCTBE AJKIJIHPYIOMICTO areHTa TONBKO HEPa3BETBIIEHHBIX
MEPBUYHBIX AJIKHITAJIOTEHUIOB. [[7I1 BTOPHYHBIX alKHITaJOreHH10B
BBIXObI AJIKHHOB PE3KO CHMKAIOTCS M pelko npesbiaroT 10% Bcien-
CTBUE KOHKypHpyiomero E2-smuMunavpoBanus (ri1. 10).

TpeTuyHble anKUITaJoOreHU sl HAEN0 MOABEPraloTcs 3IUMHUHUPO-
BaHHIO TOJI AeHcTBHEeM KapOaHWOHA KaK CHIBHOTO OCHOBaHHA. llns
JOCTHXKEHHUSI ONTHMAJILHOIO BBIXOMA ajKHHA, KAaK U U APYTHX IIPO-
neccoB Sy2-THIa, peaKIHUIO clieyeT MPOBOAHTL B Cpeje JHIIOIAPHBIX
anpOTOHHBIX pacTBOpHTenel (m1. 9), TyYIIHMH H3 KOTOPHIX SBIAKOTCH
rexcametwigochorpuamun (MDTA), N-metunnupponunon u JJMCO.
AHanorTuyHble pe3ynbTarhl yacto gocturaitorcs B TI® —xuakx. NHj.
B Tabn. 6.2 npuBeneHbl HEKOTOPBIC TUITHYHBIE TPUMEPhI ATKHIHPOBAHMS
AUETHUICHUIOB HATPUS U JUTHA.

DTOT METON HENPUTOMEH sl BRENECHUS BTOPUYHON WM TPETHUHHON
ANKWILHOM Ipynmnsl. JIos mojydeHus ajJKUHOB, COAepsKalluxXx BTOPHY-
HYI0 WIH TPEeTHYHYIO ANKWIBHYIO TPYIIy IOpH TPOHHOH CBA3M, B
HacTosiee BpeMs paspaboraH 3¢dexTuBHBIT Ccriocol, OCHOBaHHBIHA
Ha AJKUIMPOBAHHMU JAHAHMOHOB aJIKMHOB C KOHIIEBOH TpPOHHOH CBS-
3p10. Korma tepMuHanmbHEIN ankuH oOpabarbiBaloT AByMS MOIISIMH
OYEHb CHIIBHOTO OCHOBAaHHS, TAKOro Kak H-OyTuiiutui H-CaHoLi vnm
nu-uzo-tiponmnamMun auTHa LiIN (u30-C3Hy);, obpasyercs IuaHHOH, B
KOTOpOM 3apsijl JIOKaJu30BaH Ha aleTHIEHOBOM K TaK Ha3bIBAEMOM
TMpONApPIHJILHOM aroMe YITepoda, HAaXOMSAIIEMCH PSIOM C TPOHHOMH
cBa3bp10. Hampumep, npH B3auMopeicTsuH 3-meTHiOyTHHA-1 ¢ OByMs
3KBHBaJIeHTaMH H-OyTiimutus B TT'® monmydaercss AHaHUOH:

] I
CH3 —(II_C-'—:CH + 2H~C4H9Li W CH3 —C—-C=C-Li+
CH; CH;
+2C4Hio Cibl

—c=co 1O
TId, —20°C (CH3)2? C=C"—

CH;,
— (CH3)2?—C =CH + LiOH.

CHj (78%)

AJIKWINpPOBaHUE [PONAPTHJILHOIO IHAHUOHA MEPBHYHBIMH adKHIIra-
JgorenunaMu (onHuM MosieM RCH;Br uiau RCH;I) ocymecrBiasiercs
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Tabauua 6.2
CHHTE3 aJKMHOB AIKUIHPOBAHUEM 2UETH/IEHHI-HOHOB

NaNH, HC=CON2® CH;3(CHy)31

wuaxuit NHy,—33°C wuaxuit NHg,—33°C

1) HC=CH
— HC=C—CH,CH,CH,CH; + Nal

2) CH3(CH;);C=CH + #-C4HsLi » CH3(CH,);C=C—Li —
TMOTA-TI®;—25°C

CH3(CHp);CHBr CH;3(CH;);C=C—(CH,)sCH: +LiBr
TIre—IMOTA;25°C (90%)

3) 2HC=C®Na® + BrCH,CH,Br —————— HC= CCH;CH,C =CH + 2NaBr
T, 25°C (81%)

4) HC=C®Na® + CH3(CH,);Br —————— CH3CH;CH,CH,C=CH —
IMOTA, 25°C

DNty CH3(CH2);C=C(CH;);CH; +2NaBr
2) CH3(CH, );Br, TT'®, 21°C (76%)

5) CH3(CHa); C=C~Li+ (CH3),CHBr
TTMOTA—-TI®;25°C

— CH3(CH,);C=C~CH—-CH;3+CH3;CH=CH, + CH3(CH;):C=CH
(6%) | (94%)
CH;
6) CH3(CH,);C=C~Li+CH3;CH,~CH-CH,Bf ————
IM®TA, 25°C
CH3
— CH3(CH»);C=CCH, C'H— CH,CH; + CH3(CH;),C=CH + CH3CH,— C=CH,

(37%) CHs (63%) CHz

UCKITIOYHUTENHHO 110 IPOIIAPTAILHOMY aTOMY YITIEpoa M He 3aTparuBaeT
MeHee PEeaKIHOHHOCIIOCOOHBIH Sp-ruOpHIHEIH alleTHIICHOBBIH KapOaHH-
OHHBIH UEHTP. AJKHIHPOBaHHE AHAHHOHOB AJIKHHOB-1 110 NPONAapIryib-
HOMY [TOJTOXEHHUIO TIPpeACTaBIIseT coGo¥ Mone3HsIi U JOCTYIHBIHA CI0co0
NOTYYEeHHS 3aMELICHHBIX AaLEeTHICHOB € Da3BETBICHHOH BTOPHUHHON
WM TPETMYHOH aJKUIBHOMH I'PYNNON NPH AHETHIEHOBOM YIIIEPOHOM
aromMe. DT0 0OCOOEHHO IIEHHO IIOTOMY, YTO NPIMOE€ AIKHIMPOBAHHE
AlleTHIIEHUI-MOHOAHHOH HEeNlb3sl OCYIISCTBUTD O] JeHCTBHEM BTOPHY-
HBIX U TPETUYHBIX ANKHITaJIOreHU IOB.

6.2.2. JEIHIPOTAJIOIEHAPOBAHHME BUIUHAJIbHBIX
JUTAJIOTEHAOB

OTmieruieHre ABYX MOJIEKYN TaJIOTEHOBOJOPOJAa OT BHIMHAIBHBIX
JIAraJIOTeHHJOB MpeacTaBiIgeT coboil ONUH M3 CaMBIX pPacnpoOCTPaHeH-
HBIX METOIIOB CO3aHMs TPOHHOH yriepoa-yraepoaHoi ceasu. Iockomns-
KY UCXOJHBIE BUIIMHANBHEBIC AUTANOTeHHIb [I0IYYaroT NpHCOeAHHEHH -
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eM Opoma MaM XJIopa K alnKeHaM, BECh MPOIECC TaJOreHHpPOBaHUA—
JIETUAPOTaTOreHUPOBAHUS ABJISICTCS JBYXCTaIHHHEIM METOIOM IIpEBpa-
UIeHHs] alIKEHOB B ankuHbl OTIIENIeHHe TaJoreHOBOJOpoia AOCTHIa-
€TCsl C TOMOIUBI0O CHJIBHBIX OCHOBaHHH, Takux Kak KOH B artanoine,
KOH B AMATHACHIIMKOIE WIM TPUATHICHITIMKOIE. [Ing oTiiemnenus
MOCIIeIOBATEeILHO JBYX MOJIEKYI TalloT€HOBOOpOaa TpeOGyroTcs OYeHb
JKECTKHE YCIOBMS, W JJS COKpamieHUs BpPEMEHU peakiui HepeaKo
Hcnoab3yT pactBop KOH B IHATHIIEHIIHKONE MIIM TPHUATHIICHIVIHKOIIE
ripu 200-290°C BmecTo 0ObIuHOTO crimpToBoro pacrsopa KOH:

C6H5CH:CHC6H5 + BI‘Z &1—* C6H5CH"CH'—C6H5 —
‘ }

Br Br
2KoH CsHsC=CCgH;+KBr + 2H,0.

TPHITHJACHIJIMKOJIb, 290°C (88%)

IIpuMmeseHre CIHPTOB B KAYECTBE PACTBOPUTEIIS B IIPOIECCE SHUMMU-
HHUPOBaHUSA UMEECT OYEHDb BAXKHBIA HEAOCTATOK IIPH CHHTE3€ aJIKUHOB CO
CTpOTO OIIpEJEIIEHHBIM IIOJ0XEHHEM TPOMHON CBsi3U. B criMpToBOH cpe-
JIe B JKECTKHX yclIoBusAX Beime 150°C npoucXomuT Murpanus TpoHHOH
CBA3H M aJKHHBI-1 H3OMEPU3YIOTCS C IepeMEIleHHEM TPOIHOM CBA3H
BHYTPb LIEMH:

CH;CH,CH,C=CH — X4

—————— CH3CH,C=CCH;.
cnupr, 175°C

Hanomuum, 410 au3aMeINeHHbIE NIPH TPOWHOU CBA3H aNKHHBI TEPMO-
JUHaMHYeCKH OGonee cTaOWIBHBI, Ye€M TepMHHANbHBIE AJKUHBL. J[is
MIOJIy4eHUS TEPMUHANIBHEBIX aJIKHHOB JIy4Ille UCIIOIb30BaTh aMU]l HaTPHUs
B )KUIKOM aMMHAKe:

CH3(CH2)7C|HCHZBr mm?}f:{;*iwc CsH;,C =CH+2NaBr+2NH;;
Br (72%)
CH;(CH,);CH=CH(CH,);COOH FBJ»
Br

2NaNH,
xuakuii NHiz; —33°C

— CH3(CH3), CH—(ITH(CHZ)7COOH
Br

CH;3(CH;);C=C(CH;);COOH (cteaponoBas KHCI0TA).
(60%)

473



Jns cuntesa ankuHoB-1 Haubonee s¢hekTHBHA npyrass MoauQUKa-
1Msl JETHAPOTANIOTeHNPOBAHHS |,2-TUTraOTeHaIKaHOB C HCITOB30BaHM-
eM KOH B rexcannuone-2,5 B IpuUCyTCTBHU MexKda3HOro KaTaauzaTtopa

KOH; NR;Cl~
RCHBr—CH;Br ———*—— RC=CH (80 — 85%).

reKcauguon-2,5

6.2.3. JJEFMJPOTAJIOTEHHPOBAHME I'EMHMHAJIBHBIX
JIArAJIOTEHUJIOB

leMuHaIbHBIE OUTATOTEHUAB! TTOMYYAOTCH C YAOBAETBOPUTEILHEIM
BBIXOZIOM IIPH JICHCTBUM Ha KETOH NATUXJI0pUCTOro hocdopa u nupuIu-
Ha B OeH30m1e. OTIIEIIEHHE raIOreHOBOAOPO/IA 0 CTHTAETCA IEHCTBHEM
KOH B AHATHNEHITIHKOIE, ONHAKO HAWIYUIIHE PE3YAbTaThl AOCTHIAIOTCA
IIpH TPUMEHEHNH aMH/Ia HATPHA B CMECH XKHIKOI'O aMMHaka U adupa:

R'C—CH,R? 225N, piccl,CH,R? 2NaNHs

H CsHs suakuit NHz —3dup

0
— R!-C=C—R?+2NaCl +2NH;.
50—75%

6.3. XMMHMYECKHE CBOMCTBA AJIKHHOB

AUETHIEH ¥ TEPMUHANBHBIE ATKHHEI 00Iaal0T CBOMCTBAaMHU Cl1abbIX
C—H-xucnor ¢ pK, ~ 25 (. 3). OHu o6pa3yioT cOomu IpH B3aUMO-
JEHCTBUM C aMMJIOM HaTpus, H-OYTIILINTHEM, H-U30-TIPONMIAMHUIOM
JIUTHSA ¥ IPYTHMH CHITBHBIMH OCHOBAHUSIMH, pK, CONMpPSDKEHHBIX KHCIOT
KOTOPBIX BBIIIE TPHALIATH:

HC=CH +2NaNH; ——— NaC=CNa+2NHj;

Kuaxuit NHj
RC=CH + C4HyLi ——» RC=C—Li+C4Hq.
TepMUHaNbHBIE aNKHHEL 00pa3yIoT cepeOpsHble HIM MEAHBIE COIH
MpH B3aHMONEHCTBHY ¢ aMMHAYHBIM PacTBOPOM THAPOKCHIAA cepebpa
uiu Meau(l), KOTOphIe HEPACTBOPHMBEI B BOJE, CIIHPTE M OOIBITKHCTBE
JPYTHX PAaCTBOPHTENEH:

RC=CH + Ag(NH3)?HO® — RC=CAg + H,0 +2NHs.

Bo MmHOrux peakiysx alKMHOB TPOHUCXOAUT I[IPUCOCAUHEHHE II0-
JSAPHBIX PEAreHTOB IO TPOWHON cBA3U. Tak e Kax ABOHHAaA CBA3b B
ankeHax sABaseTcs Oosee cnaboll, yeM IBe OMUHApPHbIE 0-CBA3M (TI. 5),
TpoHHas CBA3L cnabee, YeM TPH OXHHAPHBIX O -CBA3H. JHEPIUs TPOHHOK
cBs3H B anerwiede coctasiuger 200 xkan/Mosib, TOTZAa Kak JHEPTHs
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YIIIepOI-YIIIEPONHOM CBA3H B dTaHE — 88 KKaJ/MONb. DTO O3HAYACT, UTO
peaxkuuy ankKHHOB, CONMPOBOXIAIOIIMECS Pa3phIBOM IBYX m-CB3eH H
00pa3oBaHHeM YeThIpEX HOBBEIX O-CBf3eH, TEPMONHHaMHYECKH Oiaro-
MPUATHBL, IOCKOIBKY COMPOBOKIAKOTCS BBIACIICHHEM TEILIA.

6.3.1. KATAJIMTHYECKOE I'MJJPUPOBAHHUE U BOCCTAHOBJIEHHE

TunpupoBanMe aNKUHOB IPOUCXOIUT NIPHUMEPHO B TEX XK€ YCIOBUIX
U B IPUCYTCTBUH TEX K€ KaTaJH3aTOPOB, YTO U THIPHPOBAHHE aIKEHOB.
IlepBas cragus rHAPHPOBAHHS ALETHIIEHA JO STHIEHA Oonee 3K30Tep-
MUYHA, YeM BTOpasd, THe 3THIEH NPEBpAIaeTCs B 3TAH:

HC=CH+H, & CHy=CH,+AH®; AH® = —42 xxan/Moi»;
CH,=CH, +H; 2% CH;—CH3+AH®; AH® = —33 xxan/mois.

W3 >TUX Aa"HBIX CICAYCT, YTO THAPHUPOBAHHUE AJIKHUHOB, B IIPpHHIMIIC,
MOXHO OCTaHOBHTH Ha CTaOTHH 06pa30BaHPI5[ anmkeHa. OxHako ¢ 601b-
UIMHCTBOM KAaTaJIU3aTOPOB AJIKHHBI THAPHPYIOTCH IIPAMO JO aJIKaHOB!

R!C=CR?+2H, R!'CH,CH,R?.

TeMm He MeHee MOXHO nonoOparTh yCIIOBHA TakuM oOpa3zoM, 4To-
Obl OCTAaHOBHTH T'MIPHPOBaHHE Ha mepsoil cragud. KaramuzaTopom
BOCCTAHOBJICHHS AJKHHOB JIO aJIKEHOB CIIYKHT NaLiaguil Ha Kap-
OoHaTe KampLUA, Oe3aKTHBHPOBAHHBEIH 0OpabOTKOH aleraroM CBHHIA
(xaTanuzatop JIMHANapa), WM Apyrasd ero pasHOBUAHOCTH — NaUiaguid
Ha cynbgare 6apHsa, Ne3aKTHBHPOBAaHHBIH XUHONHHOM. ['uapupoBanue
aJKHHOB HA KaTanuzaTope JIMHAIapa NPOHCXOXUT CTEPEOCENIEKTHBHO C
o0pa3zoBanueM yuc-alikeHoB. CTepeoOXUMHYECKas YHCTOTA YUC-ATKEHOB
B JTOM ClIy4ae He IIpeBsiacT 96%, T.e. Hapsagy ¢ yuc-aJIKEeHOM
Bcerga nonydaerca S5—-10% mpanc-uzomepa. B kauectBe Hamubonee
THINYHOIO IpHMeEpa MPUBEAEM THJIPHPOBAHHE AlETHICHOBOIO CITMPTA
JI0 yuC-alKeHoNa — KITOUEB0 CTaJHHd B CHHTE3€ IOJIOBBIX ATTPAKTaH-
TOB HaCEKOMBIX, HAIPHMEp IOIOBOT0 (EpPOMOHA KAlpOBOIO KyKa —
14-MeTun-8Z-rexcageued-1-amxs:

Pt wnu Ni
_—

CH;
Pd/CaCO; —(CH3COO),Pb
xunonuH; 20°C; CH3CH>,OH

CH;CH,CH(CH,),C=C(CH,)sCH,OH + H,
CH,

— CH;CH; CH(CHp)s,__(CH,)sCH,OH
Cc=C +
1

92%
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CH;CH, CH(CH2)s C/H Cr03-CsHsN-HCI
—+ = —_—
CHy H”  (CH;)CH,OH  CH:0k20°C
8%
— CHyCH,—~ CH—(CHp )i _(CHy)sCHO.
c=C

CH; i~ OH

($HepoOMOH KampOBOTO XKYKa

Hons mpanc-uzoMepa ymeHsaercss K0 5% IpH rUAPUPOBAHUH IIPH
—30°C u Bo3pacraet 10 20% npu ruapupoBanud npH +50°C.

JpyruM uHTEpecHBIM MPUMEPOM H36HpaTeIbHOTO BOCCTAHOBIICHMS
TpoitHOM CBA3M Ha Karanuzarope JIMHAnapa ABIAETCA THAPHUPOBaHHE
yuc-uMKIoneKa-1-eH-6-uHa, rie ABOHHAs CBA3b HE 3aTPAarHBaeTCA:

c Pd/Bas0, -~ Pb(OAC
] | +H - :
c CH4OH; S

N {95%)
Jue-umknopeKa-1-en-6-ux Buc, yuc-umknopexanmet-1,6

Jns ctepeocnenndUIeCKOro BOCCTAHOBIEHHA AHATKHAIALIETHICHOB
IO yuc-aJIKeHOB OYeHb YHAOOHBIM M JOCTYIHBIM DPEarcHTOM OKa3alcs
mu-uzo-oyrmnantomunuiiruapun (CH;—CH—CH,),AlH, cokpalnenso

CH;
HaswiBaeMblil JIMBAJI-H:

RC=CR +[(CH;),CHCH;],AlH

Tonyoi, 0° —(—10°), B asore

1[CH, ~CH—(CH
_ H\C:C/A[ 2 (CH3)212
R/ \R CH;0H wm CaHsOH, —10°C

uuc-aJIKeH

Tak, HampuMep, IpH BOCCTAHORIEHUH HUKIOMOAEIMHA C ITOMOIIBLIO
JAMBAJI-H obpa3yercs HCKIIOYUTEIBHO YuC-H30MEp LHMKIONOJIELIeHA:

1) AMBAJI-H, Tonyon, 0°C
2) CH30H

(98%)
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CeneKTUBHOE BOCCTAaHORBIICHUE TPOHHOM CBA3K N0 MBOHHOMN 0OBACHS-
€TCs TEM, YTO aJIKeHbl OMCHE MEIJICHHO BoccTanapiausatotces JUBAJI-H
no ankaHoB mpH 70-80°C, rorma Kak BOCCTaHOBJIEHHWE JIKHHOB M0
yuc-alKkeHoB ocymecTsiserca yxe npu 0-(—10°C). AUBAJI-H no-
JMy4aeTcss B NPOMBIIUICHHOCTH NPH B3auMONEHCTBUH OYEHb YHUCTOTO
MOpONIKOOOPa3HOro AMOMUHHS, BOAOPOAA U TPHH3OOYTHIIATIOMUHUS,
Tpun300y THIATIOMHHEM TOTY4Yar0T U3 H300yTHIIeHa H BOOOpOJa:

4[(CH3),CHCH,]3Al+3H, +2Al :;—“50—"& 6AI[CH,CH(CHs),]5;
ar™m

6CH,=C(CHs), + 2Al1 + 3H, é?)—‘l—z"—i 2[(CH;),CH—CH, ;AL
— at™

Jna monydyeHus u3 ankuHa onedpuHa yuc-koHdurypauuu 98-99%
CTEPEOXMMHUECKON YHMCTOTHI B KaUECTBE KaTalnH3aToOpa reTepPOreHHOIO
THAPHPOBAHMA CIIEJYET HCIIONB30BATh KOJUIOMAAJILHBIH HHUKENh (KOM-
Mmepueckoe Haszpanue P—2—Ni). Takodl kxaranusarop moiy4aercs B
pe3ynsTaTe BOCCTAHOBJICHHA alleTara HHUKeNs OOPrHAPHIOM HATpHA B
crnupre B mpucyTctBuM 1,2-3Trneyauamuaa HyNCH,CH,;NH;, kotopstit
HNPENATCTBYET AalbHEHIeMy rHAPUPOBAHUIO AJIKECHA 10 ajIKaHa:

(CH:COO):Ni; NaBH4

CH;CH>OH; NH,CH,CH;NH;; 20°C
CH;CH, _CH,CH,
- L=CL
H H
(99%)

(CH3COO):Ni; NaBH4

CH3CH>OH; NH;CH>CH>NH5; 20°C

HO-CH,(CH,);OH

v~ OH

(98%)

CH3;CH,C=CCH;CH;3 + H;

HOCH,C=C(CH,),—OH+H,

—

mpanc-Y30MepEl a1KeHOB MTOTYYalOTCs IPY BOCCTAHOBICHUH HETEp-
MUHAITBHBIX QJIKHHOB PACTBOPOM HATPHS WIIH JIUTHA B KHIKOM aMMHAKe
npu —33°C. PacTBOpPHI HISTOYHBIX METAJUIOB B XHIKOM aMMHUake obja-
JIAl0T CBOMCTBaMHU CHUJIBHOTO BOCCTaHOBUTENS (cM. T, 12) B oTiHuue
OT aMMJOB UICTOYHBIX METAIUIOB, WIPAIOMIMX PONb OYEHb CHIILHOTO
ocHoBaHus. BoccraHoBaeHHE ANKUMHOB HATPUEM B JXKHAKOM aMMHake
MIPOTEKAET ITOJIHOCTBIO cTepeocieuuuuHo ¢ 0Opa30BAHUEM TONBKO
mparnc-n3oMepa ankeHa. g 3TOTO mpolecca NMPeaIoKeH MeXaHH3M
JIBYX3JIEKTPOHHOTO BOCCTAHOBJICHHs TPOHHOH CBsi3M ¢ o6pasopanu-
€M B KaueCTBEC HHTEPMEIHATOB IIOCJIEHIOBATENHFHO aHUOH-PAIHKANIA,
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BUHMJI-pAJIUKalla U BUHMJI-2HHOHA. [lepBBIH 3NEKTPOH HAIpaBISETCS
Ha paspeIXJAONYI0 7-opOuTans ¢ obpa3oBaHHEM aHUOH-PaJMKAIA.
Jasiee aHHOH-panuKan IPOTOHHPYETCS AMMHAKOM U JaeT BHHHIBHBIN
pafMKal, KOTOPHIH MPUCOEMHSET elle OJHH MIEKTPOH ¢ 00pa3oBaHneM
BUHWJI-aHHOHA. B KOHIE KOHIIOB BHHMAN-aHUOH OTIIEIUINET MPOTOH OT
aMMHAaKa, BBITONHAIOMIErO poigb N—H-KHCIOTH, B pesynbTare 4ero
TIONy4aeTCs mpaHC-alIKeH U aMU/I-aHHOH:

OAHO3ABKTDORHOE . P
A d N 4 [RE==(R]
BOCCTaHOBACHWE

aHmoH-paguKan

R D

) RC=CR -+ Na

.o . 2T [S]
2) [R€=CR]" -+ NH NH, + C=—=C
[ ] 3 2 H/ 0 \R
BMHM'PaAMKaﬂ
R R ]
N 04HO3NEKTPOKHOE N
3) =4 v s Ne® 4+ o=
W O R BOCCTAHORIEHME W J R
BUHAN-QHUOH
o
RO R H
\ (<] N 7
a) $==c_ + NH, NH, + C==C
H’C Jd R WoooR
TPOAC-aNIKEH

CtepeoXnMHUs KOHEYHOIO [IPOIYKTa BOCCTAHOBACHHS, ITO-BUIUMOMY,
OIpEenensIeTcsl BOCCTAHOBICHUEM BHHWI-PATUKaIa 1O BHHUI-AaHHOHA
B craguu (3). BuHWI-panukan CymecTByeT B yuc- U mpanc-popMax,
KOTOPBIE HAXOITCS B PAaBHOBECHH, Ti€ B CHIILHOI CTENeHH Ipeobnafaet
mparc-popMa. Obe ¢opMBI BOCCTAHABIUBAIOTICS A0 YuC- U MPaAHC-
BHHHJI-aHHOHOB C IIPMMEPHO PaBHOH CKOPOCTBIO, HO mpeobnanaronei
¢$hopMOii OKa3bIBAETCA MPAHC-BUHHII-AHUOH, KOTOPHII NONMydaeTcs IpH
OJTHOINIEKTPOHHOM BOCCTAHOBJIEHHH IIpeo0Iafaromero mpaHc-BUHUI-
panukana. B3aumornpeBpanieHue yuc- 1 mparc-QopM BHHUI-aHHOHOB
MIPOUCXOAUT MEATIEHHO, M CKOPOCTH 3TOrO IPEBPAINEHM MHOTO MEHBIIE
CKOPOCTH TIPOTOHHPOBAHHS aHHOHA aMMMAKOM B CTajuH (4).

B KauecTBe NpuMEpPa BOCCTAHOBIEHHUS AJIKUHOB HATPHEM B XHIKOM
aMMHaKe TPHBEEM BOCCTAaHOBJICHHE NCLHHA-S JO mpauc-AeieHa-5 c
BbIXOAOM 78% W cTepeoxuMudeckoit gucroroi 100%.

_ Na
CH;3(CH;);C=C(CH;);CH3 scuicit NHz ,—33°C
CH3 (CHZ)J N /H
-— / = \
H (CH»);CH3

(78%)
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AHaTOrHYHO BOCCTAaHABIHBAIOTCA CT€ApOJIOBAsA KHUCJIOTA O JIauJUHO-
BOM KHCJIOTHI M JHAJIKUHBI JO mparnc.mpanc-JUCHOB!

Li
CH;3(CH;);C=C(CH,);COOH
3 CTeza)p’]onosaﬁ(xucﬁ(?Za xuakuit NH;, —33°C
CH3(CH2)7\ /H
— /CZC\
H (CHz),

|
COOH

3nauanHOBag KHeota (84%)

CH;C=C(CH,);C=CCH; — 2,
xuakuit NHjz
CHj H
= Sc=c{
H (CH); H
L=CL
H CH;

(12%)
BoccraHOBIEHHE AM3AMEIIEHHBIX [IPU TPOHHOH CBA3U aJKHHOB [0
mpaHc-alKeHOB NIOA AeCTBHEM pacTBOpa HATPUsA B KHMIKOM aMMHake
HIMPOKO HCHOJB3YEeTCS B CHHTE3¢ OHONOTHYECKH AKTHBHHIX COEIH-
HeHuH. B kauecTBe mpuMepa NpHBEINEM CHHTE3 IIOJIOBOIO (pepoMoHa
BpeANTEIId KaHAACKOH eni:

Cp v 0_(CH2)1°BLr'c—ccH CH o_(CHz)wCHEciC-}lz"c "
1L=LLa Ny ’
0 —_— 39
HO(CH,), Br 0 THSTA CHZ0H
Ho-(cH H o
Na, NHz g Kui ( 2)‘\" /' CHsNHErogel®

—HO(CH, ), C=CCH,CH, >

-33°C /N CH,CL,
H CHZCH3
Tpasc-11-TeTpageueH-1-on

0

X

W (CHy)q H

c—=—=C
H CH,CH

TpaKc- 11-TeTpageyuenans

HcXonHBIM BEIIECTBOM CIYXHUT 10-0poMIeKaHoI-1, B KOTOPOM THIPOK-
CHUIBHYIO TPYIITy 3alIMIIAI0T ¢ NOMOLIBIO JUTHAPONHpaHa, NpeBpamas
€ee B TeTparuIpoNnUpaHOBEId mnpoctod apup (rn. 11). Konpercanus
3auruiieHHoro bpomruapuna ¢ 1-6ytunumintdem B 'MOTA npuBoguT
K JM3aMEIIEHHOMY TIpH TPOHHOM CBA3HM aJkuHy. TeTparuapornHpa-
HUJIbHAS 3alllMTHas rpynna ynansercs aeitcrsuem HCI B meranone, a
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AIETHJICHOBLIM CIUPT Jajee BOCCTAHABIUBACTCS HATPHEM B JKUAKOM
aMMHAKe 0 aJIKeHONIa mparc-koHGHUrypanud. OKHCICHHE EPBUYHOMR
CIIMPTOBOH IPYNMEL A0 ANbIErHAa XJIOPXpOMAaTOM MHpUAWHUA (T1. 11)
3aBepIliaeT CHHTE3 ITOJOBOTro ()epOMOHA BPEIUTENS €IH.

BoccTaHoBIeHHe aTKHHOB 10 MPAHC-aTIKEHOB CTEPEOXUMHYECKOM
qUCTOTH 97-98% MOXeT OBITh OCYIIECTBICHO TaKXKE C ITOMOIIBIO
aMIOMOTHJIpUIA JINTHA B IuruMe nipu 140-150°C:

LiAlH,
anrum, 140—150°C

CH3(CHy), H
Lo
H (CH;);CH;

(95%)

CH3(CH;);C=C(CH,),CHj;

Cneuyer OTMETHUTH, YTO aJIKCHBI HC BOCCTAaHABIUBAKOTCA HH PaCTBOPOM
ICJIOYHOro METaiia B XKUAKOM aMMHAKe, HH aJJIOMOTHAPHIAOM JIMTHA.

6.3.2. THIPOBOPUPOBAHHE

Tuapunsl 6opa NPHUCOEAUHAIOTCS K TPOMHOM CBf3M ankMHOB. [HO-
poOOpHpPOBAaHHE ANKMHOB OTKPHIBAET IyTh K CHHTE3y HECKOJBKHX
KJIACCOB COCAUHEHWII: aTKeHOB, BHHUITAIONCHHJOB, AIBACTHAOB M
KEeTOHOB. [uapoGopHpoBaHHE ATKUHOB C KOHI{EBOH TPOHHOI CBI3EIO
¢ nomonpio BH; He ymaercs OocTaHOBUTH Ha CTag¥iKl I[IPHCOENMHE-
Hus onHoro Mo BHj, mpusogsutero k sunun6opany. Bunminbopasst
[IPUCOEAMHAIOT emle OnHy Monekyny BH; ¢ obpasoBaHueM cioxHOU
cMecH 1,1-a1u60pHUIBHEIX TONTHMEPOB, HE UTPAIONIUX 3aMETHOM ponu B
OpraHUYecKOM cHHTe3e. TPYIHOCTh MOMy4YeHUs BHHHIOOPaHOB MOYKHO
IpeononieTs Onaroaaps MpUMEHeHHIO 0ojiee CeleKTHBHOrO IPOCTpaH-
CTBEHHO 3aTPYIHEHHOTO JUCHAMUIOOpaHa WIH JUITUKIOTeKCHI0opaHa:

R\ /H
RC=CH + Sia;BH ——— /C:C\ ,
TIr®;0°C H BSiaQ
rne
(CH3),CH_
/Ct —BH=Sia,;BH.
CH; H .

2

IIpucoenunenue Sia,BH k ankuuy-1 npu 0°C ocraHaBiuBaeTcs Ha
cranuu oOpa3oBaHHs BUHUIOOpDaHA ¢ BEIXOIOM, ONM3KUM K KOIMYe-
CTBCHHOMY.
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Peakius ankuHOB-1 ¢ AMCHaMUIIOOPAHOM MPOTEKAeT CTPOr0 PETHO-
cnenubUYHO U CTEPEOCHEelMPHIHO KaK CUH-TIPHCOSAUHEHHE; Ipymnia
BSia, nprcoenuHseTcst K KOHIIEBOMY aTOMY yriepojaa. MCKIIouuTensHO
MONIE3HBIM M YHOOHBIM peEareHTOM ANd THAPOOOPHPOBAaHHS AJIKHHOB
OKa3ajcs TaKk Ha3bIBAEeMbIH NMHPOKaTeXUHOOpaH, KOTOopulH mpu 65°C
B TT'® npucoenuHseTcsa 0 TPOHHON CBA3U C PETHOCENEKTHBHOCTHIO,
mooOHOH MPHCOSTUHEHUIO NUCcHaMunbopana:

0 CH H CH H
~,, Jre 43 4.9
CHC=CH + BH——r  “No—¢” + =¢
/ 70°C / ~_.0 / ~
0 H 87 :@ A
0 o 0

(93%) b (79%)

CaM nupoxaTeXHHOOPAH MONYHaeTcsl IpH B3aUMOIEHCTBHU TIHPOKATE-
xuna ¢ qubopanom B TI'd:

2@0H + B —TL 2©(O\BH + 4H
26 0-20° 2
ol 0-20°C J

0

ANKWHBI C HEKOHIIEBOH TPOMHOW CBA3BI0 TAKXKE ITPUCOEAMHAIOT
IUCHAMMIOOpaH, THPOKATEXWHOOpaH W Hpyrue TUapuasl Gopa o00-
me#t dopmyner R;BH. Peaxkuust mporekaer crepeocrmenududHO Kak
cun-ipucoefuHenue. [HapoOOpHpPOBAaHHE HECUMMCETPHUYHEBIX aJKHHOB
IPOMCXOIUT PETHOCENEKTURHO, U rpymna BR, npucoeauHsercs K Hau-
MEHee IPOCTPAHCTBEHHO 3aTPYAHEHHOMY KOHIY TPOWHON CBA3U:

(CHa)5C

CH
(eHy),c~c=cen, +©: e, \c=c/ :
sTINGO

(cHy) ¢ CH
3)3 N __s3 (35%)

C=C
o\ s N
B H
+ @O/ (5%)

CoHyyC=CCH, + @ —~+ \C=C/
/ 65°C H/ AN

+ EIO\ <H

(8%)

x
/
5

CuMMeTpHYHbIE aJIKHHEI JIAFOT €AMHCTBEHHBIH IIPOAYKT IPHCOCAHHEHUS
onuoro monus Ro,BH.
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BununGopagbl, NOTy4YarOmuecs IpH MOHOTHIPOOOPHPOBAHHYU Tep-
MHHaIBHBIX ¥ HETEPMHHANBHBIX AJNKWMHOB (QJIKHHOB C KOHLIEBOH U
HEKOHIIEBOH TPOWHOM CBS3BIO), CIYKAT KIKOUYEBBIMH pEareHTaMu OIis
MHOTHX IPEBPAIleHHH B COBPEMEHHOM OpPraHUYeCKOM cHHTe3e. B aTom
pasfene Mpl PACCMOTPUM HEKOTOpbie Haubojee BAXKHBIC PEakuud ¢
ydacTHeM BUHUIOOpanoB. KuciioTHOe paciieruieHue BHHHIO0PaHOB IT0]T
JieHcTBHEM KapOOHOBRIX KHCIIOT € 00pa30BaBUEM aJIKEHOB IIPOMCXOAUT
cTepeocneliMPUIHO C TTOTHBIM COXpaHEHNEeM KOH(Uryparuu. /Isyxcra-
JUITHBIN TIpOTIece THAPOOOPHPOBAHUS ATTKHHOB ¢ HEKOHIIEBOH TpOHHON
CBSI3BIO C IIOCIEAYIONIMM IIPOTOIH3OM YKCYCHOM KHCIOTOH IIPHBONHUT K
06paz0BaHUI0 ANKCHA UCKIIFOYUTENBHO YuC-KOHGUTYPaITHH:

1) SiaBH, TT® CH3CHZ\ /CHzCH3

CH;CH,C=CCH,CH
M 25 2)CH3COOH H/ \H

(82%)

OTOT IBYXCTaIMHHBIH TIpouecc clayxUT d((EeKTUBHLIM CHHTETHUE-
CKUM DJKBHBAJIEHTOM KaTaJIMTHYECKOMY BOCCTAHOBJIEHHIO AJIKHHOB IO
yuc-aJKeHoB Ha karamu3aropax Jluamnapa u P—2--Ni. Ilpespamenue
aJTKUHOB B yuc-ajJKeHBbl C IIOMOINBIO THAPOOOPHPOBAHUA INHPOKO HC-
10JB3yeTcA B CHHTE3¢ OHOJOIMYECKH aKTHBHBIX BEIIECTB, HAIIPHMED
[TOIOBOTO (hePOMOHA ITUTPYCOBOTO UePBS — OMACHOTO BPEIUTENSA LUT-
PYCOBBIX /I€PEBBEB:

D (< >—) —BH
CH;CH,C=C—~C=C—(CHy);0—OH -
2)CH;COOH, 0°C

@
CsHsNHCrOgCl1®

z z

— CH3CH,CH = CH—CH = CH(CH;),,0H

O

Al Z Z //

— CH;3;CH,CH =CH—CH = CH(CH;)o—C—H.
CrepeocenexTHBHOE pacilieruieHie BUHHI00paHoB OpOMOM HITH HO-
JIOM B MPUCYTCTBHH METHIIATa HATpMsd B METAHOJIE NIPHBOAMT K IOTY-
YEHHIO BUHHIOPOMHIOB WIIH BHHMJIHOIHIOB C TIOTHBIM COXPaHEHUEM

KOH(PUMIYypauy py NBOKHON CBSI3H:

CH3(CH2)5\C:C/H o f,—CH;ONa CH3(CH2)5\ _ A
a7 N anon u’ Y
ot N (80%)

HawnGonee BaXKHOH peakuueid ¢ y4acTHeM BUHUIOOPAHOB SBISETCS
OKHCIHUTENBHOE pacliersierue ez C—B noa aefcTBHEM HIET0YHOIO
pacTBopa nepekucu Bojpopona. Kak u Juis ajikeHoOB, IIpU 3TOM IIPOHC-
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XoxuT 3aMeHa BR, rpymmsl Ha THAPOKCHI MO MEXaHH3MY, ONMCAHHO-
My paHee B maBe 5. IlepBoHadanbHBIM NPOAYKTOM OKHCIIHMTEIBHOTO
pacuIeTLICHAs SBIAETCS HEHACBHIIIEHHBIH CIIUPT, COIEpKanuid THAPOK-
CHJIBHYIO TPYIIY IPH [BOHHOW CBSI3M, OOLIMHO HA3bIBASMOIl CHONOM.
Enon nememnenno nizomepusyercs (cM. . 16) B Gonee ycroitunsoe
KapOOHUIBHOE COESTMHEHNE — AJIbIETH, HITH KeTOH. BHHUIO0pAaHEL, co-
Jepkarue aToM 0opa y KOHIIEBOIO yIIEPOZHOTO aTOMa, IPH OKHCIEHHUHI
[IEJIOYHBIM PACTBOPOM IEPEKUCH BOJIOPOJA AT aJlbACTHAbL, OCTallb-
Hbie BAHHIOOPAHbI B TEX )K€ YCIOBUSAX MPEBPAIIAOTCS B KCTOHBL:

. CH;3(CH3)3 H
CH3(CH,);C=CH 281 Se=c -
TT®,0°C H BSiaz
CH;(CH))s H Pe
- Sc=c7 | - CHy(CH,);CH,CZ
pH7—8,H20: H/ \OH \H
enon ’ (88%)

1)SiaaBH

CH;CH,C=CCH,;CH;
2)H,;07; NaOH; H,O

0]
CH;CHz\ /CHQCH3
— _C=C__ — CH3(CH,),—C—CH,CH;
H OH
EHOJ1 (97%)

JByXcTamuiHeI npolece I'MApOOOPUPOBAHUS AIKMHOB C HOCIEAYIO-
UM OKHUCICHHEM IMEepeKHCBI0 BOAOPOJAd C TOYKHM 3PEHUS KOHEYHOIrO
pe3ynbraTta 3KBHBAJICHTCH NPHCOEIHHEHHIO BOJABI II0 TPOHHOM CBA3M.
15t anKMHOB ¢ KOHIIEBOHN TPOITHOI CBSI3BIO OH MPUBOJUT K 00pa30BaHHIO
anbAeTUAa, 4TO COOTBETCTBYET aHMU-MAPKOBHUKOBCKOH pErHocenek-
THBHOCTH THAPATALMUH TPOUHOH cBA3U. /I cpaBHEHMS OTMETHUM, YTO
KUCJIOTHO-KAaTaIM3HpyeMasl IupsMas T'MapaTalus ajJKHHOB IIPOTEKaeT B
[IOJIHOM COOTBETCTBUH C IIPaBuioM MapKOBHHKOBA U HPHBOAUT K 00-
Pa30BaHHMIO KeTOHOB (cM. I1. 6). 9-bopadunuxno(3.3.1)nonan (9-bbH)
YOMBUTEIBHO WHEPTEH M0 OTHOLICHHIO K aJKHHAM, XOTS JIETKO MIPHCO-
eIHHSIeTCS K aJIKeHaM. DTO MO3BONSET CEJICKTHBHO THAPCOOPHPOBATH
JBOMHYIO CBSI3b B IPUCYTCTBUH TPOHHON CBSI3U B CHUHAX:

1)9—BBH-TI'D

CH3;CH,CH,C=CCH,CH=CH; ————
2) HgOg; NaOH; Hgo

— CH;CH,CH,C=CCH,CH,CH,OH.
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MepKypupoBaHUde BUHHIOOPAHOB IPUBOAUT K HOJYUEHHIO BHHHILHBIX
PTYTHOOPTaHHYECKHX COCAMHEHHH CO CTPOTO OIpeaeIeHHON cTepeoxu-
MUEH:

R H R H
1)Hg(OAc), CH3O
JHEOAD:, CHIOH "N\

| 2)NaCl H™  HgCl

AN
e

B npucyTCTBMM OCHOBaHHS — METHJIaTa HAaTPHUs — BHHHIOOpaHbI MOM-
BEPraroTCsi KPOCC-COUETAHNIO C MOMOILBIO KOMIJICKCOB OAHOBAJICHTHOMR
MEIH WM HYJIbBaJEHTHOIO najuiagus. [lpogykramu 3T0ro coderanus
OKa3bIBAKOTCS mpaHc,mpanc-1,3-TUeHsr:

CLC o™ & __DCHONa_
0 g~ \”/ \\i 2)CuBr-S(CH)s
\O/ N4
(CH3);C H
N~
H /C_C\
H C(CHs);
E,E-1,3-nuen

DTO TOJIBKO HEKOTOPHIE M3 Pa3HOOOpa3HbIX NIPEBpAallleHHH Ha OCHOBE
BHHHIOOpaHOB, pa3pabOTaHHEIX 32 MOCTIEIHHE TOMIbL.

6.3.3. OKHCJ/IEHHE AJIKMHOB

AnNK7HBI C HEKOHIICBOM TPOWHON CBSA3BIO CIYXXAT IIOTEHIUAIBHBIM
HCTOYHHKOM JUIS cHHTe3a 1,2-IMKEeTOHOB IPH AEHCTBHHU MOAXOMAIIETO
oxucnurenss. OIHAKO N0 CHX IOp HE HAMIeHO YHMBEPCAJIBHOIO pea-
T€HTa, BHI3LIBAIOLIETO OKHCIEHHE TPOHHOH YIIepOa-YITIEPOAHOH CBA3HM
no 1,2-nuxapbonnnbHoi rpynmel. [IpennmaraBmimifcs O STOH Lenu
RuO4 —okcun pyrenus(VII) — caumkoM JOpOr UM YacTO BbI3HIBAET
MATBHEHIIYIO OKHCIHTENbHYIO AeCTPYKUHIO 1,2-1MKeTOHOB 0 KapOo-
HOBBIX KHCHOT. [Ipn B3aUMONEHCTBHU NH3aMELIEHHBIX ALETUIICHOB C
TAKUMH CHJIBHLIMHM OKHCIIMTEISIMM, KaK MEPMAHTAaHAT Kalus, TOIBKO
B COBEpIIEHHO HelTpanbHO# cpene npu pH 7-8 npu 0°C okucneHue
yaaeTcsi OCTAHOBUTH Ha CTamuu o0pa3oBaHus o-IHKeTOHA. Tak, Hanpu-
Mep, creaposioBas kuciora npu pH 7,5 okucnsiercs A0 (-IUKETOHA.
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B 6GOJbIIMHCTBE C/Iy4aeB OKHCIIEHHE CONPOBOXKIAETCH PACHIETIIEHHEM
TPOHHOMU cB3u ¢ oOpa3zoBanueM KapOOHOBBIX KHCIIOT:

KMnOy4

CH3(CH;),C=C(CH;),;COOH 0. pH7.5.0°C

= CH3(CH2)7?‘3_(}T_(CH2)7COOH;

1
CH3C_CCH2CH3;
(90%)

R!COOH +R2COOH.

KMnO4

CH;C=CCH;CH;
H,0.0°C, pH 7,5

R!C=CR? M0,

HgO,t
BBIXOI( HpO,HYKTOB OKHCJ’IHTCHLHOﬁ lIeCTPYKHHH dJIKHHOB HEBCIHK, H
aTa peaKLII/Iﬂ HC HrpaeT SaMeTHOﬁ pOHI/I B OpFaHquCKOM CHHTEC3E.
OHa HCHOHb?;yeTCSI HCKIHYUTECIIBHO JId A0Ka3arceJIbCTBA CTpoeHI/Iﬂ
IIpHpOﬂHBIX COGI[I’IHGHPIﬁ AUCTHUIICHOBOIO psula. B KaucCTBEC anMepa
HpHBeﬂeM J0Ka3aTeJIbCTBO CTpOCHHﬂ HpHpOIIHOﬁ aHeTHHeHOBOﬁ KHUCI0-
THI, COIEpXKAIIEHcs B TMUCThSAX TPONMYIECKUX pacTenuit B lleHTpanpHOK
AMepI/IKe. HpI/I ce OKHCHHTGHLHOﬁ HCCTp}’KHHI/I GLUIPI BBIJICJICHBI JIBC
KHCJ]OTI)IW.HaypHHOBaH U aJUIIMHOBAdA. STO O3HayaceT, 4TO HUCXOoOHasd
KHUCJI0Ta HpeIICTaBJIFICT C060171 6-OI(TaIIeLIPIHOBy10 KHCHOTy C HOpMaHb—
HBIM yrHCpOL[HLIM CKEeJICTOM H3 CeMHaalaru aroMOB yrnepo,ua:

KMnO4

CH;(CH,)10C=C(CH,)sCOOH %%, CH(CH5)10COOH +

Hy 051 NIaypYUHOBas KHCIOTa

+HOOC(CH,)sCOOH.

AJUTIHHOBAA KHCNIOTa

I'opasmo Oonee BakHOE 3HAYEHHE HMEET OKHUCIHTEIBHOE COYeTa-
HHe amKHHOB-1, Karanusupyemoe consamu Menu (peakuus [Tazepa—
OrmuaToHa). B 1870 . [masep o0HapyKui, 94TO CYCIEeH3Ms alleTHICHHIA
meau(l) B cupre OKHCISETCS KHCJIOPOAOM BO3AyXa ¢ 00pa3soBaHHEM
1,3-numnHOB:

Cs}lgc CH+CU2C12 ——> C H5C CCu m

— C5H5CEC—CECC6H5,
(90%)

HOOC—-C=C—Cu 2, yoocc=c—Cc=C-COOH;
JIAM®DA (60%)

C4HyC=CH + Cu,Cl, + 0, ZHNC,  Hoc=C—C=C~C, H,.

(90%)
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Hns oxucnenus anerunenunoB menu(l) B xagecTBe okucnutens 6ojee
apdexruren rexcarmanodeppar xkanua(lll) Ki;[Fe(CN)g] 8 AMD wiu
AM®PA. B 1959 . OmIHHTOH NpemioXuil 3HAUMTENbHO Oosnee ynoo-
HYI0O MOTU(DHUKAIHMIO OKHUCIUTENHHOM KOHJCHCALUH aJIKMHOB. AJKHH-1
okucnsioT ateraroM Menu(ll) B pacrsope mupwmnuna npu 60-70°C.
Monuduxaiys OIHHTOHA 0Ka3alach Ype3BbIYAHHO NOME3HOH AT CHH-
T€3a MaKPOUMKIHYCCKHX MMOJIMHHOB U3 (v,w-JAUMHOB, B kadecTBe MILIIO-
CTpauy MPUBELEM CHHTE3 JABYX [UKIIOTIONMHHOB IPHU OKHUCIUTEIBHOM
KOHzeHcanuu rexcanuuHa-1,5 (. 3ouaxeitmep, 1960):

Z Cu{0Ac) /// \\‘\ /—E—E\
| apyrve
CHgN : 4 t\\) :s: :li: + OJIMP{'ZJMEPH
55
=-= \N=—=
% - = ==
{6-10%) (6%)

OnvH M3 [OIMHMHOB TIPEACTaBIfeT cO0OM MPOAYKT LHMKIOTPUMEPH-
3aIUM, JPYrod — HUKIOTEeTpaMepU3allil MCXOAHOI0 reKcaauMHa-1,5.
TpumMep CIIYXUT HUCXOJHBIM PEAreHTOM U1 CHHTES32 apOMAaTHYCCKOTO
[18]-annynena (monpobHee 00 aHHyJIeHax CM. B DI. 12). AHATOTHYHO
B TeX JXe YCIOBUSX U3 HOHaAMUHA-1,8 monydaeTcs: ero auMep —
1,3,10,12-nukiiooKkTaziekaTeTpacH HapsiAy ¢ TPUMEPOM, TETpaMepoM H
TIEHTaMEPOM:

CH{ CH,
CH, CH, \CHZ
| l Cu{0Ac), I” ”l
< ¢ CcHeN
il fll - CsMs il I
CH CH

{10%)

Jns monydeHHs HECHMMETPHUHBIX THHHOB HCIIOIB3YIOT KOHACHCA-
MO TaNOTeHAIETHIEHOB ¢ alKHHOM-1 (TepMHHAIBLHBIM alKUHOM) B
npucyrcTBuM coneit Memu(l) @ NepBUYHOrO aMHHa (COUYETAHHE IO
Kamno—Xonkesuuy, 1957 r.):

CugCIz
C3yHsNH»; CH3;0H

— CgHsC=C—C=C(CH,)sCOOH;
: (98%)

CeH;C=CBr+ CH=C(CH;)3sCOOH

Cu-Cl
C4H9NH3; CH3OH

— C61{13CEC_CECCH2C}{3,
(90%)

C6H13CECBI’+ HC—:—CCH2CH3
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CH;(CH;)eC=CBr+
+HC=C(CH,)sCH,OH CuCla
CH;OH; C4HyNH3; NH,OH-HCI, 0—5°C
— CH3(CH2)9CEC’“CEC_(CHz)(,CHon
(84%)

Wcxonnpie OpOMajKHHEI [IOTYYAIOTCA IIpH JEHCTBUH Ha AJIKHHBI-1
rurrobpoMuTa HaTpUs WK U3 aleTHIeHHIOB JUTHS i OpoMma:

C4HgLi _ .
—_— C¢H3C=Cli
3dup, —78°C

— C¢H3C=CBr+LiBr.

Br»

=CH
C6H13C ¢ agmp, —78°C

MeasopraHuyeckoe MpOU3BOAHOE TEPMUHAIBHOTO alIKUHA TEHEPHPYIOT
HEIMOCPECTBEHHO B peakuuoHHoN cMecH u3 Cu,Cly; u ankuHa-1.

6.3.4. PEAKIIUH INEKTPOPHILHOTO [IPUCOEHMHEHUS
K TPOUHO# CBSI3U

Peakuuu 21exTpodIbHOrO MPUCOeAMHEHHS K TPOMHOH CBA3H OTHO-
CATCA K YHCHy Haubonee THMMYHBIX M BAXKHBIX peaxuuit ankuHos. B
OTAMYHE OT 3IEKTPOGUIBHOIO IPHCOSAMHEHHS K QJIKEHAM CHHTETHYE-
CKO€ MIPUMEHEHHE STOH OOIBIION TPYIINEI peaKIHi HAMHOTO OTIEpeKano
Pa3BHTHE TEOPECTUUECKUX MpEeAcTaBIeHUN 0 ee MexaHu3me. OHAKO 3a
HOCNEHUE IBARLATH JET MOJIOXKEHUE CYIECTBEHHO HW3MEHMIOCh H B
HacTOALIEE BpeMA 3TO OAHa U3 OypHO pasBUBamuuxcs obnacreit du-
3U4eCcKoi opraHuyeckoil xumuu. B3MO ankuna pacrnofiaraercsi HHKe,
geM B3MO ankeHa, 1 3T0 00CTOATEILCTBO IPEIONPEACIACT B [104ABIS-
1o1ieM OOJIBIIMHCTBE CIIydaeB Ooee HU3KYIO CKOPOCTh MPUCOEMHEHHS
3IEeKTpOGMABHOIO areHTa K ajIKHHY IT0 CPaBHEHHUIO C aJIKeHOM. JApyrum
(hakTOpOM, ONIPENENAIONIMM pa3iuyHe B PEAKIUOHHOW CrocoOHOCTH
AJKUHOB M alKCHOB B PEAKIHAX ICKTPOQUILHOIO IPHCOSAHHEHUS,
SIBIISICTCS OTHOCUTEIIbHAS CTaOMIIBHOCTS HHTEPMEIHATOB, BOSHHKAIOIHX
MpY IPHCOCIMHCHUN ANEKTPODUNIBHON YACTHIEI K TPOUHON U TBOHHOM
cs3am. Ilpu mpucoenuHeHun 3mexkTpoduabHoi wactuisl HY umu ET
K NBOMHOH CBsi3n 0o0pa3yeTcs IUKIMYECKHUN MM OTKPBITHIH KapOoka-
tioH (1. 5). [pucoenunenue H™ wimu ET Kk TpolHOM CBA3H NPHBO-
JuT K oOpa3oBaHUIO OTKPBITOIO MM UHMKIHYECKOIO BHHUII-KaTHOHA.
B nuHEHHOM OTKPHITOM BHHUJI-KAaTHOHE LICHTPAJIBHBIA aTOM YITIepoaa
HaXOIOHTCH B sp-THOPHJIHOM COCTOSHHH, B TO BpeMsl KAK BaKaHTHAs
p-opOuUTans OPTOTOHANBHA 7-CBsA3M. IIOCKONBKY sp-THOPHOHBIA aToM
VIIEpOJa BMHWI-KAaTHUOHA oOnanaeT Oomee BBICOKOH AIEKTPOOTPHIA-
TEBHOCTHIO 10 CPABHEHUIO C Sp°-THOPUIHBIM aTOMOM YITIEPOA ATKHII-
KaTHOHA, BUHII-KaTHOH JIOJDKEH OBbITh MeHee cTabuIleH M0 CPAaBHEHHIO
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JlaHHBIE KBAHTOBOMEXAHHYECKHUX PACUETOB, & TAKKE TEPMOJUHAMHYE-
CKHMC JaHHBIE ANA Ta30BOM (asbi, NONYYEHHBIE C IIOMOLILK) Macc-
CIIEKTPOMETPHH BBICOKOTO JABICHHUS M CIIEKTPOCKONHMH MOHHOIO IHK-
JIOTPOHHOIO PE30HAHCA, HAXOAATCS B IIOJIHOM COOTBETCTBHH C BTHMH
paccyxacHusaMU. B tabn. 6.3 mpuseaeHnl TepMOAHMHAMMYECKHE JaHHBIE
s obpazoBaHys psna KapObOKaTHOHOB, OTHOCSIIMECS K ra30BOH ¢aze
npu 25°C. W3 gaHHBIX, MPEICTaBISHHBIX B Tabn. 6.3, cieayer, 4To
BHHHJI-KAaTHOH Ha 47 KKajg/MONIb MeHee cTabuieH, YeM COIEPIKalluyi TO
K€ YUCIIO AaTOMOB YTIIEPOia 3THI-KaTHOH. TOT 3ke BEIBOJI MOXHO CHEIaTh
U U3 DHTANBINM HOHH3anuu B ra3ooit ¢aze CH3;CH,Cl u CH,=CHCI:

@
CH;CH,Cl — CH;CCH, + CIS+AH?,  AHP =+191 xkas/mob;
D
CH,=CHCl — CH,=CH+CI®+AH?, AHP =+223 xxaj/Moub.

HetpynHo 3aMeHUTH, 4TO codeTanue 0060ux hakTopoB — Ooee BRICOKOU
SHEPTUM BUHHI-KATHOHZ U HMU3KO pacnonoxeHHod B3MO anxuna —
HIPEJIONIPeIeNsIIOT Dojlee HU3KYIO PEAKIMOHHYIO CIIOCOOHOCTh aJKHHOB
IT0 CPAaBHEHHIO C aJTKEHAM