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amom mpyo ¢ 61a200apHOCMbIO NOCEAUAID

MNpeancnosune

B ocHOBY npencTaBieHHbIX B 9TOM KHUTE TEKCTOB MOJOXEHbI ay-
JINO3ATTMCH M KOHCTIEKTHI JIEKIIMI 00IIero Kypca OpraHu4eckoin
XUMMU, KOTOphle nocieaHue 20 et 1 yuTalo Ha XMMUYECKOM (pa-
KyapTeTe MI'Y cTyneHTam TpeThero Kypca Creluaaiu3upoBaHHON
(PUBUKO-XMMUYECKO TPYIIILI. DTa rpyIina Obljla OpraHM30BaHa B
cepenuHe 1970-x 1. mpodeccopom H.dD. CrermaHOBBIM IS IO~
TOTOBKH CIICIIMAINCTOB, CITOCOOHBIX YCITCIITHO paboTaTh Hal pe-
meHueM (yHIAMEHTaJIbHBIX M TIPUKJIAIHBIX 3a1a4, CBI3aHHBIX
CO CTPYKTYPO#l U TMHAMHUKOI MOJIEKYJISIPHBIX CUCTEM, C TEOPHU-
ell XMMUYEeCKOM CBSI3U, C UCCIeTOBAaHUEM MEXaHU3MOB XUMMYE-
CKHUX TIpolleccoB. B rpymmy Ha mepBoM Kypce OTOMpAaroTCS IO
pe3ysnbTaTaM coO0eceloBaHMs IOATOTOBIEHHbIE U MOTUBMPOBAH-
HBIE CTYICHTHI, MMEIOIINE CKIIOHHOCTD K (PU3UKE M MaTeMAaTHKE.
V4eOHBII MIaH TPyNIbl 110 CYMMapHON ayIUTOPHOI Harpyske
Oosiee HamMpsSDKEHHBINM, YeM Y4YeOHbI IJ1aH oOIlero IoToka.
B Hem 3HauMTEIbHO 0OJIbIIIE BPEMEHU OTBOIMTCS Ha U3YyYCHUE
TUCUUTUIMH (bU3NKO-MaTeMaTUieckoro ukJia. B mpoiiecce 06-
YYEHHUsI COCTaB I'PYMIIBI OOBIYHO HECKOJIBKO MeHsieTcsl. Brico-
KyI0 Harpy3ky M KOHKYDPEHIIMIO BBIIEPXKMBAIOT He Bce. YacThb
CTYACHTOB TI0 3TOU W IPYTUM IIPUUMHAM, CPEIN KOTOPBIX OTMe-
Yy CMEHY 00JIaCTU MHTEPECOB, MEPEXOAIT Ha OO MOTOK WU
B IpYTHE CIICHMAIN3UPOBAHHBIC TPYIIILL. YMCIIo CTYIeHTOB (b1~
3MKO-XMMUYECKOU TPYIIbl HA TPETheM Kypce OOBIYHO COCTaB-
JsgeT 15—20 yenoBek. DTO MO3BOJSIET MHE pabOTaTh C KaXIbIM
CTYACHTOM TOYTH WHIWBUAYaJIbHO, 3adaBaTh BOMPOCH! CIyIla-
TEJISIM TI0 XO[y JIEKIIMU, BOBJIEKATh UX B MUCKYCCUU U TEM Ca-
MBIM KOHTPOJIMPOBAaTh CTeTICHb YCBOCHHUS MaTepuaa.
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B cooTtBeTcTBUY C MpodUIIeM TTOATOTOBKH B IIpOrpamMMe Kyp-
ca OpraHMYeCKOi XUMUM IIJIsI STOI TPYyMIIbl LIMPE, YeM B Kypce
JIJIST OCHOBHOTO TTOTOKA, MPEACTaBIeHbI BOIPOCHI TEOPUU XUMMU-
YECKOM CBSI3M U MEXaHMU3MOB XMMUYecKuX peakuuii. [Tpu onu-
CaHUU TUIIOB XMMUYECKUX CBSA3€W B HEW C CaMOro Hayaja uc-
TIOJIB3YIOTCS Ha Kau4eCTBEHHOM YPOBHE IIPEACTABICHUS METOIA
MO, Goiiee neTajibHO pacCMaTPUBAIOTCSl CTPOEHUE U CBOIMCTBA
BaxKHEHILIMX UHTEPMeINaTOB (KapOeHHEeBbIX MOHOB, paluKaloB,
KapOaHMOHOB U KapOeHOB). MeTonbl U3yYeHUsT CTPOSCHUS U TU-
HaMUKU opraHmueckux mosekyn — SIMP, onrtuueckasi criek-
tpockonust (MK, KP, YO, ®BC) u Mmacc-CIIeKTPOMETPHST — CO-
CTaBJISIIOT OTAEbHbBIN 0JI0K, KOTOPBIA MOMEIlEH B Haualie Kypca.
DTO JaeT MHE BO3MOXHOCTh UCIOJIb30BaTh JAHHbIE 3TUX METO-
JIOB BO BCEX OCTAJIbHBIX pa3esaxX Kak BakKHbIE XapaKTepUCTUKU
COCMMHEHUI pa3HbIX KJIACCOB.

Cpenu mpuMepHO 20 MITH U3BECTHBIX CETOMHS MHIUBUIYaTb-
HBIX XUMUYECKUX BellecTB 6ojiee 80 % mpencTaBiIssioT co0oii op-
TraHWYECKHE COeNMHEHUs, OObIIas YacTb KOTOPhIX HUKOTAA He
CYIIIECTBOBAJIa B MPUPOIIE, HO TOJIyUyeHa B Ja0OpaTOpHUsX MyTeM
XUMUYECKOTO CMHTe3a. IMEHHO OHM COCTaBIISIIOT MaTePUATBHYIO
OCHOBY COBPEMEHHOI LIMBWIM3ALMKU. B KX 4MCIIO BXOAAT Bax-
HeWIlIMe KOHCTPYKLIMOHHBIE U (DYHKIIMOHAJIbHbIE MaTepuaibl,
BOJIOKHA, JIEKAPCTBEHHBIE CPEICTBA M CPEICTBA 3alUThI pacTe-
HUI, WHTPEIUEHTHI IHUILEBBIX IPOAYKTOB, TOIUIMBA U MHOTOE
npyroe. ClenyeT OTMETUTD TAKKE, YTO OpTaHWIECKUE TTOJUTIOTaH-
Thl B BOJE, BO3AYXE U TTOYBAX COCTABJISIIOT CETOIHSI HAMOOJIbIIYIO
9KOJIOTUUYECKYIO OMAaCHOCTh. B CBSI3M ¢ 3TMM 3HAYUTEIbHbIN 00b-
€M 3HaHW1 MO0 OPraHUYeCKON XUMUM COCTaBIISIET HEOOXOIUMBIA
3JIEMEHT 00pa30BaHUs JIOOOTO WieHa IIMBWIM30BAHHOTO OOIIe-
CTBa, a B TIOATOTOBKE TTPOheCCHOHATEHOTO XUMMKA, BHE 3aBUCH-
MOCTH OT 00JIACTH €ro y3KOil creluann3alun, 3HaHUe OCHOB Op-
TaHWYECKOM XUMUU, 6€3yCIOBHO, 3aHUMAET BaXKHEHIIee MecTo.

B kmaccuueckoii cxeMe TpernomaBaHUs OpraHUYECKON XM-
MUH, chopMUpOBaBIIEiica Oosee TOIyTOpa CTOJIETUII TOMY Ha-
3a]1, HEHTPaJIbHOE MECTO 3aHMMAJ JICKIIMOHHBIN Kypc. ITo Tpa-
JULUMW CTYIAEHT IOJydaJl OCHOBHBIE CBEAEHUS 00 U3y4aeMOM
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IpeaMeTe Ha JISKIUAX u3 yCT mpodeccopa. [Ipodeccop 3HaKO-
MWJI CTYAEHTOB ¢ HanboJIee BaXKHBIMU (paKTaMM 3TOM HAyKH, M3-
JTaraJl TeOpeTUYeCKre KOHIECIINN, UX 000O0IIarInie, IeMOH-
ctpuposal (emre 20 JeT Ha3ad AeMOHCTpALMU ObLIM 00s13aTelb-
HBIM aTpPUOYTOM Kypca) 3KCIEPUMEHTHI, WJUTIOCTPUPYIOIINE
akTHIeCKMii MaTepua, 1 JaBaj IPUMEpHl PEeIIeHUs TTPAKTH-
YECKUX 3a7a4. YUYEOHUKU U y4eOHbIe TOCOOUST UCTIOIb30BATUCH
KaK JIOTOJTHUTEIbHBIC NCTOYHUKH NH(MOPMALIMU. YCBOCHHE Ma-
Tepuraja 3aKperisyioch Ha CEeMUHApax 1 B IIPaKTUKYMe.

Ceituac cutyauus B KOpHe u3MeHuaach. OrpoMHBIIT 00beM
3HAHWI, HAKOIUICHHBI B OPTaHWYCCKON XMMWHU, IIPOIOJIKACT
cTpeMuTebHO HapacTaTh. Ceiluac €XerogHo CUHTE3UpYyeTcs
WJIM BBIAEISIETCSI U3 TPUPOAHBIX UCTOUHUKOB 0Koyio 500 ThIC.
HOBBIX OPTaHUYECKUX CoeNMHeHui. B Xxone ux usyyeHus Haka-
TUTMBAIOTCS OecIpelieIcHTHO OOJIbIINEe 00beMBbl HOBOI MH(OP-
MalMu 00 MX CTPYKTypax U cBoiicTBax. B cepennHe 50-x ronos
MPOILIOTO CTOJIETUSI 00beM (haKTMUECKOro MaTepuajia B opra-
HUYECKON XMMUU yaBauBajics npumMepHo 3a 45—50 net. Bpems
yaBoeHUs (haKTUYECKOTro MaTepuaja ceifyac COKpaTUIOCh IO
11 net. IlamsTh J1IIOOGOTO CaMOIro OJAPEHHOTO YeJIOBEeKa HE MO-
KeT BMECTUTh M Mallyio JOJII0 3TOTO KOJIMJecTBa (PakToB. DTO
CO3IaeT 0COObIE TPYAHOCTH B M3YUYEHUN OPTAaHNIECKON XUMUM 1
3aCTaBJISIET YYEHBIX M NIEIAroroB CYLIECTBEHHO MepecMaTpUBaTh
CcaM¥ MIPUHIIUIIBI IPEMoaaBaHUs 3TOMN TUCITUTLIMHEIL.

O4YeBUIHO, YTO JOCTMIKEHUE «ITOJIHOTHI 3HAHUI» HE MOXKET
GoJree OBITH IIEITbIO M3YUCHUS. AKIICHT B IIPETIOJaBaHNI OpraHU-
YeCKOM XMMMU JOJIKEH OBITh CIejlaH He Ha 3allOMUHaHue (ak-
TUYECKOIro MaTepualia, a Ha YCBOGHME CTYyIEHTaMH OCHOBHBIX
3aKOHOMEPHOCTE, CBSI3BIBAIOIINX CTPOCHNE OPraHUYECKUX CO-
eNMHEHUI C UX CBOMCTBAMU M PEAKIIMOHHON CIIOCOOHOCTBIO.
[MosrygyaeMble HOBBbIE 3HAHUS TOJKHBI OBITH aKTUBHBIMU. Omu-
pasiCh Ha HMX, CTYICHT, TIPOCIIYIIABIINI HadaJbHBI Kypc Op-
TaHUYECKOM XMMUU, TOKEH HAyYMThCSI CAaMOCTOSITEIbHO aHa-
JIN3UPOBATh HOBBIC 3aMaYM W BBIOMPATH ITyTU WX PEIICHMUSI.
K 4gmciry oTHOCHUTEIbHO TIPOCTBIX 3a1ad OTHOCHUTCS, HAIIpUMep,
ornpee/ieHre CTPOSHUS HECIOXHBIX OpPraHMYEeCKHUX COeIUHEe-
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HU 110 TAaHHBIM (DU3NKO-XUMUICCKUX Y XUMUISCKIUX METOIOB,
KOHCTPYMPOBaHNE BO3ZMOXHBIX TIyTeil CUHTE3a OCHOBHBIX KJIac-
COB OpPTaHMYECKUX COEAMHEHMI 3aIlaHHOTO CTPOEHMUSI, CPaBHU-
TeJbHasl OlLIEHKA aJlbTEePHATUBHBIX IMyTe C TOYKU 3PEHUST UX
5 (HEKTUBHOCTU U BHIOOP ONTUMAJIBHOM CXeMbl CUHTE3a, TIpe-
CKa3aHWe pe3yJbTaTOB HECIIOXHBIX IMOCIeI0BATEbHOCTEN XU-
MWYECKUX peakinii. A B TOM cilyyae, KOrJa CTyJeHTY He XBaTaeT
CBEICHUI JUISI PEIIeHUS 3ala4y, OH TOJDKEH HAayYUThCS CaMo-
CTOSITEJIbBHO MX HAXOOUThb C MCHOJIb30BAaHUEM COBPEMEHHBIX
WCTOYHUKOB MH(MOPMAIINN U KPUTUISCKU UX aHAJIM3UPOBATh.

CT01b 3Xe OYEBUIHO, YTO TIEPeCcKa3arh B JICKIINHU TaKe OCHOB-
HOI (akTUYeCKUil MaTepuas Mo TeMe HeBO3MOXHO. s Gosee
palMoOHAIBHOTO MCIOIb30BaHUSI JIEKIIMOHHOTO BpEMEHHU, BpeMe-
HU TIPSIMOTO OOIIEHMS TIpocheccopa Co CTyAeHTaMU, HEOOXOIUMO
CYIIECTBEHHO YMEHBIIUTH MH(MOPMAIIMOHHYIO Harpy3KY JICKIIHA.
IIpocToii criocob WISt 3TOrO XOPOIIIO W3BECTEH, OH aKTMBHO WC-
MOJIB3YeTCST BO MHOTUX YHMBEpCUTEeTaX Mupa. SI cam ¢ ycriexom
TMPUMEHSUT €0, YMTasl CTyAeHTaM JIEKIIMU 0 Pa3HbIM pasieiam
opraHmyeckoit xumuu, AMP, xuMun MeTaIoopraHM4eCcKmux coe-
OIUHCHUA M (PU3NIEeCKON XWMHUU B KauyeCTBE ITPUTJIAIIICHHOTO
npodeccopa B CIIA, Iseitmapuu, 'epmanuu, ®OpaHnum u
SInonuu. C OCHOBHBIMU (haKTaMu IO TeMe JICKIIMM CTYIEeHThI
3HAKOMSITCS 10 JIEKIIMM CAaMOCTOSITEJIbHO, UCTIOJIb3YSl Crelalb-
HO TIONTOTOBJICHHBIE U 3apaHee MPeaoCTaBIeHHBIE UM ITpodhecco-
POM y4eOHO-METOMNICCKIE MaTepraIbl (ITOJTHBIN TEKCT JIEKIIUHN
WU ee KPaTKUii KOHCITEKT, BKITIOYAIOIINIA BCe CTPYKTYPhI, YpaB-
HEeHUST peaklnii 1 KOPOTKUI KOMMEHTapHii, KOIMU HEKOTOPHIX
TEKCTOB U3 YUYEOHUKOB U OPUTMHATbHBIX HayYHbBIX MyOJMKaLIMiA,
KOHTPOJIbHBIE BOIIPOCHI U T.1.). OOBIYHO 3TU MaTepHaIbl MOKHO
ckadath yepe3 MHTepHeT ¢ caiita jekropa. Ceifyac Takue ITOI-
0OOpKM YUeOHBIX MATEPUAJIOB, 8 UHOT/IA U TIOJTHBIE TEKCThI JISKITA
€CTh Ha caliTaX MHOTUX YHUBEPCUTETOB MUPA.

Ecnu cTyneHT NpuXoauT Ha MOIO JIEKIIUIO, MPeaBapUTEIbHO
TMO3HAKOMUBIIMCH ¢ (DAKTUICCKUM MaTepUaIOM U OCHOBHBIMU
KOHIICTIIUSIMUA, TO MOSI 3amada CYIIeCTBEHHO VYIIPOIIAcTCS.
B stex1inu s MOTY COCpeIOTOUNTHLCS Ha pa3dope JIUITL HanboJee
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TPYIHBIX BOIIPOCOB, ITOKAa3aTh, KaK HYKHO MCITOIb30BaTh OC-
HOBHbIE€ KOHLIENIIUY MPU pelIeHnU O0Jiee CIOXHBIX 3a1a4, U 1a-
XK€ MO3HAKOMUTh MOUX CIyllIaTeseli ¢ HEKOTOPIMU HauboJiee
WHTEPECHBIMU TTOCTIETHUMU COOBITUSIMM Ha mepeaHeM (ppoHTe
Hayku. TakuMm oOpa3oM, LIEHTP TSKECTU B OCBOEHUM OpraHuve-
CKO¥ XMMUW TIEPEHOCUTCSI HA CAMOCMOSMeAbHyI0 pabomy cmy-
denma BHE JIEKIIMOHHOM ayTUTOPUU.

Taxoii moaxon MMeeT U Apyrue OUYeBUAHbIE TPEUMYIIIECTBRA.

o CyliecTByeT ompenejeHHas KaTeropusl Joaeil, KOTopbie
IJTOXO BOCIIPMHUMAIOT MH(bOopMaLuio Ha ciyx. [1o moeit
OIICHKE, TAKMX JIOACH IMPUMEpPHO TPETh, U I caM M3 UX
yrcia. MHe nHOTAa HEOOXOAUMO ellle pa3, a TO U IBa pa3a
MPOYUTATh TEKCT, COMOCTaBUTh HOBYIO MH(OpMaLIMIO C
yxe umetonierics. He ycreBasi ciiemoBaTh 3a JIGKTOPOM,
TaKWe CIIyIIaTeNIn TOBOJBbHO OBICTPO TEPSIIOT C HUM KOH-
TaKT, MOCJ€ Yero JIEKUMs I HUX CTAaHOBUTCSI COBEp-
1IeHHO Oecmnofie3Hoi. Ho mocne npeaBapuTeIbHOrO 3Ha-
KOMCTBa C MaTepUaJioM OHU, HAIIPOTUB, NTPEBPAILalOTCs B
HauboJsiee aKTUBHO pabOoTaloIIMX CyllaTeIei.

o MHTEpeCH U YCTPEMIICHUS Y Pa3HBIX CTYACHTOB pPa3HBIC.
OnHu B OyaylleM TJIaHUPYIOT 3aHMMAaTbCsl UMEHHO TOM
00J1acThIO HAYKU, JIEKIIUU 110 KOTOPO# ciyiiatoT. OHa UM
WHTEPECHAa, OHM XOTST MOJIYYUTh MaKCUMYM HOBBIX 3HA-
Huii. JIpyrue, HalmpoTUB, XOTAT MOCBSITUTDH Ce0sI COBCEM
IPYTOil HesITeIbHOCTH, WHOTHA MaxXke HE CBSI3aHHOM C
npoduieM obpazoBaHusi. UM HeoOXoquM JIUIIb ONpese-
JICHHbII MUHUMYM 3HaHUH 110 TUCUMIUIMHE, YTOOBI MIPU-
JIMYHO caaTh 3k3aMeH. CoBpeMeHHas CTyAeHYecKas ay-
IUTOPHS B 3TOM OTHOIIICHWM OYeHb HEOmMHOpoaHa. B Te-
YeHNe MHOTHX JIET TIepel HadaJoM 3aHATHI S IIPOBOXY
AHKETUPOBAHME CTYIEHTOB CBOEI TPyIIbl. AHAJIU3 OTBE-
TOB IMOKAa3bIBAET, YTO 3aHUMAThCS HAYYHBIMU UCCIIENOBA-
HUSMU B XMMUU WM NIPENIONABaTh €€ B OyoylleM IIaHU-
PYIOT JIMIITH OKOJIO TIOJIOBMHBI CTYACHTOB. MOUM mpeame-
TOM, OpPraHMYECKON XMWMUEH, CEepbe3HO HHTEPECYCTCS
MPUMEPHO TATad YacTh caymateneil. OcTaJibHbIM U30bI-
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TOYHAas MH(pOpMALIMS He HYXXHa. MeXIy TeM OCTPOEeHUE
YUeOHBIX TUTAHOB U IIPOrpaMM Y HaC TaKOBO, YTO KasKIbIiA
JIGKTOP CTPEMHTCSI 3aCTaBUTH CTYICHTOB <«IIPOTJIOTUTH»
KaK MOXHO 00Jibllie (haKTOB 1 KOHLIEIIUH 110 CBOe auc-
LMITIMHE, HAUBHO T10JIarasi, YTo TeM CaMbIM MTOBBICUT MH-
TepeC K HEW.

e Jlenas yrop B jekuusax Ha 20 % ciyuiaTteneil, KOTOpbIe
MHTEPECYIOTCSI OPTaHUYEeCKOM XUMUEH, s HeM30eXKHO Te-
pSII0 KOHTAKT € OCTaJbHBIMU. OpUEHTUPYSICh «Ha cepel-
HSYKa», ST Tepsi0 KOHTAKT C JIYIIIMMHU. A UMEHHO OHH
IJIST MEHSI HanboJiee MHTEPECHBI, B YACTHOCTU U TIOTOMY,
YTO OHM MOTYT CTaTh YjeHAMU MOCH HayJYHOU TpYIIIIHL.
Tekcr nexuuii yxxe He JUMUTHUPYET MEHS 10 BPEMEHMU.
B HeMm s MoTy naTh 1OCTaTOYHO MHOT'O HOBOTO MaTepuaia
IJIST HamOoJiee TPOIBUHYTBIX, a T€, KTO IPEIMETOM Ce-
PbE3HO HEe MHTEPECYeTCs, OTPAaHNIATCS TeM, YTO BXOIUT
TOJIBKO B TIPOTPaMMY 2K3aMeHa.

BonbIMHCTBY XMMUKOB-UCCAea0BaTeIe U XMMUKOB-MHKe-
HEPOB MPUXOAUTCS ceifyac HEOTHOKPATHO MEHSTh 00JIacTh UC-
CJICIMOBaHUT 1 paOOTHI Ha TIPOTSKEHUU Kapbephl. [1oaTomy pas-
BUTHE CITOCOOHOCTU W HABBHIKOB K IIPOOYKTUBHOUM CaMOCTOSI-
TEJIbHOU paboTe MOJIKHO CTAaTh OMHOM M3 BaXKHBIX 3a/1a4 JIIOOOTO
JIEKIIMOHHOTO Kypca, B TOM YMCJIe Kypca OpraHMYeCKOU XUMUM.

st Toro 4TtoObl camMOCTOsITeNIbHAsl paboTa CTyneHTa Oblia
3G GeKTUBHOI, OYeHb HYKEH XOPOIINi YICOHUK, COmepKaHHNe
KOTOPOTO COTJIacyeTcs ¢ mporpaMMmoii Kypca. CoBpeMeHHBIe
YYeOHUKM TI0 OpraHWYEeCKOW XUMHMU uMeloT obbeM 1500—
2000 cTpaHMII M MHOIJA U30Al0TCS B HECKOJIbKMX ToMax. CTpe-
MUTEJIbHOE Pa3BUTHE 3TOM O0JACTM XMMMHM BBIpaKaeTcs He
TOJILKO B YBeJIMUCHUN 00beMa (hakThuecKoro Marepuajua. OHo ¢
HEM30eXKHOCTBIO TTPUBOIUT K TTOSBJICHWIO HOBBIX KOHIICIIIINIA,
HOBBIX ITOAXOJI0B K MHTEPIPETAIINN YKE M3BECTHBIX (DAKTOB, a
WHOT/IAa U K CMEHe 0a30BbIX MapaaurM. B cBsi3u ¢ aTuM yuyeOHuU-
K1 ObicTpo crtapetoT. 1o olleHKaM aMepMKaHCKUX U €BpOIIeii-
CKHUX 3IYKOJIOTOB, «BpeMsI aKTMBHOM XW3HN» YIeOHUKA TI0 OC-
HOBHOMY KYypPCY OpTaHMUYECKOIl XMMUM COCTaBJIsieT ceituac 10—
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12 ner. Harmmucanue yye6Huka B 2000 cTpaHUIl M ero M3gaHue
3aHUMAET IISITh-IIECTh JIET HAPSIKEHHOM paboThl. Tak BO3HM-
KaeT IMapajoKcajbHasi CUTyalldsl — y4eOHUK YaCTUYHO ycTape-
BaeT, e1Ba MOSIBUBIIMCH Ha KHUXKHOI TTOJIKE.

B nHameit ctpaHe OCHOBHBIM YUeOHUKOM IO OpPraHMYECKOI
XUMHAM Ha XUMUIECKUX (DaKyJIbTeTaX KIaCCUICCKUX YHUBEPCU-
TeTOB octaercs uyeTbipexToMHUK O.A. PeyroBa, A.JI. Kypua u
K.T1. Bytuna «Opranudyeckast XMMUs», BILLIEAIINAI IEPBbIM W3-
naHueM B 1999 r. B mzmatenbctBe MI'Y M mepeusnaHHbIN B
2004 r. TaM Xe B HEM3MEHHOM BUJe. ABTOPHI, KOTOPBIX YK€ HEeT
B JXKMBBIX, pab0OTaIM Hag HUM B TeUCHHUE IIECTH JeT, ¢ 1992 1o
1998 r. B nmocnenyolue roabl MOSBWICS psii COELMATU3UPO-
BaHHBIX YYEOHMKOB, CPEIM KOTOPBIX CJIEIyeT OTMETUTH XOPO-
I TBYXTOMHBIN YYEOHUK IJII XUMUKO-TEXHOJIOTUYECKUX BY-
30B (TpaBenp B.®. Opranuueckas xumus. M.: AKameMKHUTA,
2004) 1 OBYXTOMHBIN Yy9eOHUK 11T (papMalleBTOB M MEIUKOB,
HaITMCAaHHBIA KOJIJICKTUBOM aBTOPOB ITOA  PYKOBOACTBOM
H.A. TwokaBkuHoit (Opranuueckas xumus. M.: JIpoda, 2002).
B EBporie u B CIIIA 3a 10O 3ke BpeMsI BBIIIIO OKOJIO AeCITKA HO-
BBIX 0a30BBIX YUCOHMKOB, a CYIIICCTBEHHO IIepepabOTaHHBIC pe-
JAKINU KJIACCHMYECKNX YICOHUKOB TIEPEM3IaroTCs, KaK IpaBH-
J10, yepe3 ABa-Tpu roga. Hu ogrH 13 cOBpeMeHHBIX 3apYOeKHbBIX
YYEOHMKOB MO 00IIeMY KypCcy OpraHM4YeCKO XMMUM B MOCEa-
Hee JecATWIeTHe He ObLT MepeBeleH Ha PYCCKUM SI3BIK, U HU
OIMH W3 HHUX II0 CBOEMY COIEPXKAHWIO HE COOTBETCTBYET IPO-
rpaMMe MOETO Kypca. DTO 1 MOOYINIIO MEeHS TIPUHSATHCS 3a TPYI,
repBast YaCTh KOTOPOTO Ceivac JISKUT Mepel BaMM.

Kypc oprannyeckoii XuMuu, KOTOPBIi 1 YT, COCTOUT U3
63 Jexiuii, OXBaTbIBAIOIIMX 36 TeM, KOTOPbIEe TPYIIIUPYIOTCS B
7 KPYITHBIX TeMaTUYECKUX OJIOKOB (Momyseii). TeKCThI JIeKIINiA,
OTHOCSIINXCS K KaXKIOM 13 TeM, MOXHO IOATOTOBUThH B OTHOCH-
TEJLHO KOPOTKUIA CPOK M OMYOJIMKOBATh B BUIIE OTHEIBHBIX OpO-
IIIOp WM HEOOJIbIION KHUTM, OOBEIUHSIONIEH TeMbl OIHOIO
Monyst. Torma, ecii 1o 3aTPOHYTOM TeMe TTOSIBIISIeTCS TIPUHITN -
MUAJTbHO BaXXHBIN HOBBIM MaTepHasl, HET HEOOXOIUMOCTH pe-
JMAKTUPOBaTh U Tiepen3aaBaTh OOJbIION yueOHUK. JlocTaToOuHO
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OTPEeIaKTUPOBATh U TIePEU3IaTh TOJIBKO OTHY OPOIIIOPY MU Ha-
nucath IoIoJHeHue K Hell. [IporpaMma Kypca TnpeacTaBieHa B
npuioxeHuu 1.

DTa KHUTA COOCPKUT TEKCTHI TEPBOI JIEKIIMU, TTOCBSIICH-
HOI TIpeIMeTy OpraHMYeCKON XMMUM M OCHOBHBIM 3TallaM ee
MCTOPUUYECKOTO Pa3BUTHUSI, a TAKKE TEKCTHI BOCHMU JIEKIINIA, KO-
TOPBIE COCTABJISIIOT TaK Ha3blBacMbIil BBOOHBIN KOHLIEHTP. OHU
TMOCBSIIEHBI OOLIUM BOIMPOCAM CTPOEHUSI OPTAaHUYECKUX MOJIe-
KyJI ¥ CTI0co0aM OMMCAaHUS MX 3JICKTPOHHOM CTPYKTYPHI, TUTIAM
MEXMOJIEKYJISIPHBIX B3aMMOIECMCTBUI M OCHOBAM CTEPEOXUMUM.

S BbIpaxalo UCKPEHHIO MPU3HATEIbHOCTh MOUM KOJLJIEramM
akanemuky U.I1. beneuxoit, mpodeccopam E.K benornaskunoii,
B.T'. Henaitnenko, O.H. Temkuny, H.®. CrenanoBy, E.B. ba-
6acBy 1 DOKTOPY XuMHnIecknx Hayk FO.®. OnpyHeHKO, KOTOpEIE
TMPOYWIN TEKCThI 3TUX JIEKIIUI U CeaTi MHOTO LIEeHHBIX 3aMeyva-
Huii. S Oyny G1arogapeH BCeM YUTATENsIM 32 OT3bIBbI, KpUTHYE-
CKHe 3aMeUYaHUs U MPeUIOKEeHUsI, KOTOPBIE IIPOIITY HAIIPABIISITh
M0 2JIEKTPOHHOMY afpecy ustynyuk@nmr.chem.msu.ru.

PasMbiunenns o 3agavax npodgeccopa
M HEKOTOPbIX MOME3HbIX NeAarornyecknx
npuemax

DeltHMaHOBCKME NeKUMM MO U3MKE CTafii MOUM /IIOGUMBIM y4eGHUKOM cpasy nocne
TOro, Kak A C HAMW nosHakoMunca. Ha Moit B3rnag, 3To GnecTAwmin NnpUMep Toro, Kak
MOXHO 1 Kak JO/KHO U3/1araTh OCHOBbI CNIOXHOW AUCLMNIMHBI ANA 3aUHTEPECOBAHHOM
ayautopun. B ceoem npegucnoeum k 31uM nekumnam Pudaps @eitiman, naypeat Hobe-
nesckoi npemun no ¢pusmnke 1965 r., nprBoAUT 3aMeyaTesbHOE BbickasbiBaHue [16-
60oHca: «...0by4eHre pesIko NPUHOCKT NNOZbLI KOMY-M60, KpOMe TeX, KTO Npepacro-
NOXEH K HEMY, HO UM OHO NOYTU HeHyxHOY». Nepea KaxAbIM NpenosaearenieM BO3HM-
KaeT 3Ta HeMpoCTas 3ajja4a — OMNpefesnTh, KTO U3 ero CTy/IeHTOB OTHOCUTCA K 3TUM
«NPe/ipPacrofioKEHHbIMY, K TEM, U3 KOTO B KOHEYHOM cHeTe 1 HPOPMUPYETCA UHTENEK-
TyafibHas 3/1Ta MUpa.

[na Toro 4to6bI NONY4MTE NEpBOE NPeACTaB/IEHNe O CBOWUX HOBbIX CTYAEHTax, A
3apaHee MPOCMATPUBAIO CBE/ZIEHNA 06 3K3aMEHALMOHHbIX OLIEHKAX, MOJTyYeHHbIX UMU B
npeabizyLme rofpl, n 6eceayto 0 KaXAOM M3 HUX C Npeno/jaBaTeNaMu, KOTOpble Npo-
BO/ZWIN 3aHATUA B rPynne Ha npeaplaylumnx Kypcax. O6bIuHo B Xoze 3Tnx Geces cpasy
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BbIAB/IAIOTCA NMPOONeMHble CTyZEeHTbl M NAepbl. A HaYMHAIO HALLM 3aHATUA C 4aCOBOW
BBOAHOM Gecefpl, B X0/l KOTOPOW 3HAKOMJIO CTYAEHTOB CO CBOWMU KOJieraMu-npe-
nojasaTenaMu, KOTopble ByAyT BeCTV B 3TOW rpyrne CeMUHapbl U NPaKTUKYM, paccKa-
3blBal0 O MpOrpaMMe NeKUMit U CEMUHApOB, 06 OCHOBHbIX TPeGOBaHUAX, KOTOpble
NpeAbABNAOTCA K CIyLUATENAM, O TOM, KaK OLieHMBaeTcA paboTa Kaxzoro, u T. 4. 3a-
TeM CTy[EHTbl 3anONHAIOT aHKEeTy (MPUNOXeHUe 2) U B TeYeHWe BTOPOro akajeMuye-
CKOrO Yaca OTBEYAIOT Ha BOMPOCHI MUCbMEHHOro BxoAHoro Tecta. CofepikaHue Bo-
MPOCOB 3TOro TecTa MEHAETCA OT rofa K rofdy. B kauectse npumepa B npunoxerun 3
NpUBEZieH TecT, KOTOpbI A JaBan cTygeHtam B 2014/15 y4ebHoM rogy. He TpyaHo
BUETb, YTO MepBblit 650K BOMPOCOB HampaBneH Ha TO, YTOObI BbIACHUTb, KaKOB YpO-
BeHb MPefjBapuUTENbHON eCTECTBEHHO-HAyYHOM NOArOTOBKM cryluaTtenei. Bropoii 6ok
NO3BOJIAET MHE OLIEHUTb UX OBLLMIA KyNbTYPHbI YPOBEHb.

CryneHTaM Ha NepBoit NieKuumn A 06bABNAID, YTO NPOdECcCOp MHOTAa MOXKET Aony-
CKaTb OLUMOKN WAM HETOYHOCTW B W3MIOXKEHWUM MaTepuana v TpakToBke ¢akTos. Kak
NpaBusIo, BMOJHE O4eBUAHbIE OLLIMOKK A feNato OAuH-ABa pasa B TeHeHWe akajeMuye-
cKoro Yaca. 3ajaqa ayAUTOpUM COCTOUT B TOM, HTOObI BOBPEMA UX 3aMETUTL U 06 3TOM
HeMeAneHHO coobLwmTb. Te, KTO 3TO cAenan, MosyHatoT AOMOSHUTENbHblE Gannbl B
PEMTUHT 1, KpOMe TOro, MOTYT MOJTYUUTb LieHHbIM npu3. OBbI4HO Takue Mpu3bl (Hampu-
Mep, KHUIM U3 Moel GUBNMOTEKN) A BPyYato NYHLIMM Ha KaXKAOWM TpeTbeit nekuun. 1o
co3ZjaeT B ayAUTOpPUM aTMOCGhepy MOBbILEHHOrO BHWMAaHUA M COPEBHOBAHUA YMOB.
B paborty BknioyatoTca Aaxke NepBOHaYaNbHO Manio MOTUBMPOBaHHbIe CTyAeHThl. B pe-
3ynbTaTe yxe nocsie Tpex-4eTbIpex JIeKUUit A ACHO NpeCTaBnAlo, KTO ecTb KTo. [lna
TOro 4Tobbl 060APUTL TEX, KTO HE OYEHb XOPOLLIO YCNEBaeT MM HECKOJbKO 3aTOpMO-
XKEH B MbILUNEHUM, A MO XOAY NeKUWM MpeAsiaralo JOCTaTOYHO MPOCTble BOMPOChI,
aApecyAch K KaXoMy M3 HUX NM4HO. Kaxxabli npaBunbHbIA OTBET B 3TUX CJy4asX OT-
MeyaeTc ocobo. Takoii Auanorosbiit pexxuM obecneynBaeT MOCTOAHHYIO O6paTHyto
CBA3b MEX/ly NIEKTOPOM 1 ayAUTOPUEA, HTO UCKIIOUUTENBHO BAXXHO ANA YCMeLHOM pa-
60Tbl. Ho cnesyeT NOMHWTB, YTO OH NpeAbABNAET MOBbILLEHHbIE TpeOOBaHMA U K NpO-
deccopy.

B mMoeit rpynne uz |5—20 ctyaeHTto B nocneguune 4—5 net Bcerga Haxoaunoch
2—3 opapeHHbIX, OT/IMYHO MOZArOTOBJIEHHBIX Y MOTMBUPOBAHHbIX CTYAEHTa, yXe Jo-
CTaTOYHO XOPOLLIO 3HABLUMX MpeJMeT B obbeMe nporpaMmbl Kypca. Kak npasuno, sto
ObINM B MPOLLNOM Npu3epbl U NobeanTenn MeXAyHapoAHbIX M HaLMOHASbHBIX LUKOb-
HbIX onuMnMaz. OcHoBY rpynnbl cOCTaBNANM 6—7 CMOCOGHbIX CTyZEHTOB, KOTOpbIE C
OpraHU4ecKon XMMMel paHee Cepbe3HO He GbinM 3HaKOMbI, HO BbINM rOTOBbI CUCTeMa-
TYecku paboTaTb Hag NpeaMeToM. Y1cno oTKpoBeHHO Cnabbix CTyAeHTOB ¢ npobena-
MM B 6a30BOM 06pa3oBaHMM He MpeBbILLano AByx-TpeX. Ecniv B Balueit rpynne nonosu-
Ha ClyluaTernei roToBa k cepbesHol paboTe, 370 Gonbluas yaaqa.

Moit onbIT NokasbiBaeT, YTo aTMOcdepy aKTUBHOWM paboTbl M HaMpAXEHHOrO BHU-
MaHWA GOMBLUMHCTBO CTY/IEHTOB BblJepXuBatoT He 6onee 20—25 MuHYT. 3aTeM BHU-
MaHWe ayUTOPUM HauMHAET OC/labeBath, CyLIATENIN YCTAlOT U TEPAIOT HUTL U3MIOXKe-
HuA. [o3ToMy A 06A3aTeNIbHO BBOXY B CEpPeAMHe KaXJOoro 4aca AByX-TPEXMUHYTHYLO
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naysy, nepeksiioyas BHMMaHWe ayAWUTOPUM Ha COBEPLUEHHO ApYrol npeaMer. To
MOXHO [leNlaTb pasHbIMK cnocobamun. HanpuMep, nokasbiBas NOpPTpeT U3BECTHOIO yye-
HOro, MMcaTena UM KOMMNO3WUTOPa U NPUBO/AA OAHO W3 €ro BbICKa3bIBaHUiA, A Npe/sa-
ralo CTyZleHTaM OTBETWUTb Ha BOMPOC, KTO 3TO. MHorga A 4uTalo CTUXU M NpOLLy Ha-
3BaTb aBTOPA, @ MHOI/]a MOKa3bIBAlO MHTEPECHBIN CHUMOK, CAeMaHHbI B OHOM U3 My-
TELLEeCTBUM, U Jato KOPOTKWI KOMMEHTapUit Kk HeMy. Yepes ABe-TpU Hefenmn 3aHATUM A
yXe [JOCTaTO4YHO XOPOLUO 3Hato, YeM UHTepecyeTcA GOMbLUMHCTBO MOUX CTY/[EHTOB.
HanpumMep, B npolunom yyebHoMm roay AnekcaHzp, OAUH U3 NyuLIMX CTYAEHTOB, yKa-
321 B aHKETE, YTO OH MHTEepPEeCyeTCA KUTACKOW KyNbTYPOM U U3yHaeT KUTAWCKWIA A3bIK.
Bo BpeMa oziHOM 13 Nays A pacckasan CTyZIeHTaM UCTOPUIO 3aMeYaTeNTbHOro KUTancKo-
ro nosta Llao “hxu, npountan ero cTMXoTBOpeHMe, U3BECTHOE KaK «CTUXM 33 CEMb
Laros» v nonpocun AnekcaHzpa B c/ieZlyloLLmit pa3 NpoYUTaTh ero no-kutaicku. Ye-
pe3 HeAemnto OH C yAoBonbcTBMeM 3TO czenan. ComnocTasfieHne 3ByYaHWn Ha ABYX
A3bIKaX BbI3BANIO AMCKYCCMIO O MPUHLMMAX MO3TUYECKOro nepeBoja, KOTOpas Mpo-
JoshKanach B fMepepbiBe U Mocsie fekumn. AnekcaHap MosyuuMn B KayecTe Mpusa
c6opHuk cTuxos Jln Bo.

A He ntoGnto, KOrAa CTyAEHTbI OMNasAbIBalOT HA MOM NIEKLUM, U KaK-TO CKasasl, 4To
B Ka4yeCTBe HaKasaHWA onasjbiBatolye OyayT o6a3aHbl B NEKLUMOHHBIX May3axX 4uTaTh
cTuxu no-aHrnuickn. OaHa U3 CTy4eHTOK B nepepbise obpatunack KO MHe C MpoCh-
6oii paspelunTb eit ono3jath Ha CrieAyioLLyto Nnekuuto. A cnpocun ee, B 4eM NpUYMHa
OrMo3AaHua, U NoMy4nn oTeeT: «Toraa A CMOry MpoYUTaTh JIKOGMMOE CTUXOTBOPEHUe
Sarapa Moy. KoHeyHo, Takas BO3MOXHOCTL Gbia Malle npeagocTaBneHa, v oHa npe-
KpacHO npoynTana 3HaMeHutoro «BopoHa». A A nocne s3Toro NpeAnoXun cTyAeHTaM
CPaBHWTbL [jBa MepeBoja 3ToM MosMbl, caenanHbix K. banbMoHToM 1 M. 3enkeBuuem,
TEKCTbl KOTOPbIX B TOT e /JeHb pa3oc/ian MM MO 3/IEKTPOHHOM nouTte. 3aMedy, 4TO
YMCNO OMO3AaHMIA B pe3ysibTaTe 3TOM aKLMM CUIIbHO COKpaTUNOCh. YBaxatoluii cebs
XWUMUK-KNacCUK BrpaBe CMpOCUTb MeHs, Kakoe 3TO MMeeT OTHOLUEHWE K npenojaea-
HUIO opraHMyeckoin xumun. CMeto yTBepxzaTh, 4TO camoe npaMoe. [onHas cMeHa
npesMeTa CHUMaeT yCTanocTb, U ayJUTOPUA CHOBA J1erko BKItoYaeTca paboTy no teMe
nekumm.

M ele gpa 3aMevaHms. XuMuio, Kak 1 BCAKYIO [PYrytO CepbesHylo Hayky, Aena-
tOT He pO6OTbI, @ XUBble NIIOAN. DTO apeHa COPEBHOBAHWA YMOB, 3/1eCb CTasIKUBatOT-
CA XapaKTepbl U KUNAT cTpacTu. M A He ynyckato crlyHqas pacckasaTb CBOUM CTyZAeH-
TaM, Kak COBEPLUASIUCh BaXKHble OTKPbITUA, KAKOI XOZ MbIC/IU NPUBEN UCCNneAoBaTeNs
K HOBO/ MAee M Kak OHa Obina AoKasaHa. A eciiM Ha 3TO He XBaTaeT BPEMeHU Ha
NeKuMK, A NpeAJiarato earoLyM CaMUM NpoYuTaTh 06 3TOM TEKCT, BbINIOXKEHHbIN B
MHTepHeTe 1nm 3anncaHHbiil MHOO Ha dnalike. C Hee CTyAeHTbI CMUCIBAIOT TEKCTbI
NOArOTOB/IEHHbLIX MHOIO JIEKUMIA, KOHCMEKTbI, pyrne MaTepuansl 1 HOBble UHTepec-
Hble CTaTbU.

Ecnm y koro-To us cywiateneit octannck BONPOChI, UX MOXHO BbIACHUTb B JINHHOM
6ecefie co MHOM. [151s1 3TOrO A BbIAENAIO CreLmManbHOe BpeMs AnA KOHCY bTaumit (2 va-
ca B Hefjleso, O6bIYHO B MATHULYY BO BTOPOI NosioBuHe AHsA). OTMedy, YTO Takyto BO3-



IIpeducnosue Iﬁ

MO>HOCTb 3HAYUTESIBHO Yallle UCMONb3YIOT CUMbHble CTyAeHTbl. OHM MHOrAa NpUXoAAT
06CyaUTh MHTEpeCHble 3aJja4, KOTOpble He UMEIOT OTHOLLEHUA K TeMaMm nekuuid. He-
PEAKO B 3TW 4acbl MEHA MOCELLAIOT U Te, KTO MPOCSYLLIAN KyPC OPraHUYecKon XuMum
roA 1 Aaxe [Ba-Tpu Hasaj,

KoHTponbHble Bonpock! (06bIMHO WX TpM), COCTaBNAIOLiME AOMALLHEE 3a/jaHue,
dbopMynmpytoTca No XoAy NeKuun. DTO AOCTATOYHO MPOCTbIE BOMPOCHI, U OTBETHI Ha
HUX He AOJKHbI TpeboBatb Gonee 10—I5 MuHyT paboTtbl. Mos uenb cocTouT He B
TOM, 4TOGbI MyTeM aHafn3a Mosy4eHHbIX OTBETOB (OHM CAAIOTCA B MUCbMEHHOM BUAE
nepe/, Ha4asnoM crieflytoLlei NeKUMn UM MPUCHINAIOTCA MHE MO 3JIEKTPOHHOM MouTe)
NPOKOHTPOIMPOBaTh, HACKO/LKO MOJIHO U MPaBUIbHO YCBOEH BeCh MaTepuan. STo Je-
natoT NpenojaeatesM Ha CeMUHApCKUX 3aHATMAX. OTBeYas Ha 3TV BOMPOCHI, CTYAEHT
ellie pa3 BCMOMHUT, O YeM wiia pedb. OH Kak Gbl MPOSIUCTAET B MaMATU COAEPXKaHWe
MPOLLJION NIEKLWM, YTO OYeHb BAXXHO ANA 3aKpenseHns MaTepuana.

A1 oTcnexwBalo ycrexu KakAoro U3 MOUX CTyAEHTOB B TE€YeHUe rofa, UCnosb3ys
A5 3TOrO PEMTUHIOBYIO cucTeMy. B Gannax oueHWBatOTCA pesynbTaTbl TEKYLUErO KOH-
TPONA: BbIMNOJIHEHWE AOMALLHNX 33J]aHNiA, KOTOpble AAtOTCA NOCE KaX0N NeKLm, pe-
3yNbTaThl JIEKTOPCKUX KOHTPOJIbHBLIX paboT, KOTOpble s OBbIYHO MPOBOXY Mocsie 3a-
BEPLLEHWS KXKAOM BAXKHOM TEMbI UM MOZYA, @ TAKXKE aKTUBHOCTb Ha NIEKLMAX, O YeM
A yxe ckasan sbiwe. K 31uM 6annam fobasnstoTca pesynbTaTbl KypCOBbIX KOHTPOJb-
HbIX paboT, KOTOpbIE NPOBOAATCA OAHOBPEMEHHO AN CTYAEHTOB OCHOBHOIO MOTOKA M
Bcex crieurpynn. CymMMa Bcex GannoB 1 COCTaBNIAET NEPCOHANbHbIA PERTUHT CTyAeHTa.
[na Toro 4tobbl CpaBHMBaTL pe3ysnbTaThbl, MOMyYeHHbIE CTYZEHTaMW B pasHble rogpl,
pesyrbTaT HOPMUPYETCSA Ha MaKCUMarlbHbIN Gasi.

ConocTasnenne peiTVHroB 3a NoYTU ABafLATUNETHUIA NEpUOA NO3BONAET OTMe-
TUTb BaXXHYLO TeHAeHumto. B Havane 1990-x rr. cpeHuit peiTUHroBbIi 6ann cTyaeHTOB
3TOi 3nuUTHOW rpynnbl cocTasnsn 47,7 (ycpeAHeHHble AaHHble MO TpPeM rpynnam
1991—1993 rr., MakcuManbHO Bo3MOXHbIM 6ann — 100). 3ateM B By3bl NpULLO «MO-
koneHue EMD», n aTo nprBeno k gpamMatnyeckoMy nafeHuto cpegHero 6anna go 37,8
(ycpeaHeHHble AaHHble Mo YeTbipeM rpynnam 2003—2006 rr.). N nuwwb ceityac nono-
XKEHUe HaumMHaeT MeHATbcA K nydwemy. Cpeguuit 6ann no asym rpynnam 2013—
2015 rr. cocraun 43,1.

A1 He pa3 BbicKasbiBa/l CBOIO TOUKY 3peHua oTHocutenbHo EMD (cM., Hanpu-
mep, [1]). Cama cucteMa opMasnbHbIX TECTOB, OCHOBbI KOTOPOW pa3paboTaHbl B Ha-
weit ctpaHe B.MN. S¢ppomnmcorom (1908—1989) (cm., Hanpumep, [2]), BecbMa nonesHa
KaK CpefiCTBO KOHTPOSIA 0bLLero ypoeHs LWKONLHOro obpasoBaHusa B cTpaHe. MMeHHo
OHa MoKasana, YTo MU O MUPOBOM NPEBOCXO/CTBE HALLIEN CpeAHEN LUKOJbI ceityac He
6onee 4eM Mud u yto Poccus npespatunach B cTpaHy TpoeyHukos. Ho ucrnonbsosa-
Hue pesynbTatoB EMD kak ocHO6HOz20 Kpumepus npodeccroHansHoro otéopa npu
npveMe B By3bl Cpasy BMECTO PasBUTMA HABBLIKOB JIOTMHECKOrO MbILLSIEHUA CAENMaNo oc-
HOBHOW 3a/ja4el y4ebbl B CTApLUMX KJIAaCCaX LUKOJbI HATACKUBAHME LUIKOJIbHUKOB Ha Mo-
nyqeHne MakcuManbHoro Ganna B notepee MiOXo MPOAyMaHHbIX (HOPManM30BaHHbIX
BonpocoB. be3ycnioBHo, 3TO 1 NpyBENO K pe3KOMy NafieHNIO YPOBHS LLIKOJSIBHOrO o6pa-
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B rocrsix y Capsl bpayHn u I'epoepra Bpayna 13 utonst 1991 r.

30BaHMA, KOTOPOE Tak APKO MPOABMIIOCH AaXe Ha BbIGOPKe JlyULLINX CTy/€HTOB, CyMeB-
wmx noctymute 8 MI'Y, nyuLumit yHUBEpCUTET CTpaHbl.

Bosspatljasnce k Haubosee NOArOTOBNEHHbLIM U MOTUBUPOBAHHBIM CTY/ZIEHTaM, XO4y
3aMeTUTb, YTO B KaXAOM MOMyNALMM MPUCYTCTBYET OHEBUIHO HEKOTOPas A0NA Ntofen,
KOTOPbIM FeHeTUYeCKN MpeAHAa3Ha4eHO 3aHMMaTbCA HayKoi. DTO WMMEHHO Te, KTO
«Npe/pacrnofiox)eH K 06y4YEeHUIO 1 KOMY OHO MOYTU He Hy>kHO». OHU B NtobbIX ycnoBu-
AX HANAYT MyTb K 3HAHMAM W HalAYT AOCTOMHBIX yYUTENeN, ec/iv MOMECTUTb UX B COOT-
BeTcTBytOLYto cpefly. KakoBa e fomkHa GbiTe 3Ta cpepal B ceAsm ¢ 3tuM A xouy
pacckasaTb 3fiecb 06 OHOM 3nM3oAe.

Jletom 1991 r. A coBepLuan 6onbluyto NoesaKy ¢ neKUUAMA U JOKNagaMu no yHu-
Bepcutetam CLUA. B yHusepeutet [Mapabio (Jladpaiter, wrat MHauaHa) a npuexan no
npurnalleHuio cTaporo Apyra naypeata Hob6enesckoit npemun no xumun 1976 r. 'ep-
Gepra bpayHa v npoBen Tam Hegento. 3a ob6eaom epbepT, 3HaKOMA MeHA C DUMTU
Hervwmn, ckasan: «tfOpwii, 3To Mol nyyLmit yqeHuk. 3anoMHmn a1o uMa. OH obasaTenb-
Ho nonyuut Hobenesckyto npemmioy. 3a ob6efeHHbIM CTONIOM pa3BEpHyfach >KapKas
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Eitutn Herumm T'ep6ept Bpayn

(Mronb 1991 r., hoto aBTOpa)

AMCKyCCuA O TOM, 4TO HeobxoauMo ans nogrotosku Hobenesckux naypearos. bpayH,
KOTOPpbIi 06/1aAan yAVBUTENbHOM CNOCOBHOCTLIO YeTKO OpMYNIMPOBaTL UAew, nepe-
4ncnun, 3arnbas nanblipl Ha OAHON pyKe:

«Bo-nepBbIx, Hy>xeH XopoLmit y4eHnk. OH JormkeH ObiTb OYeHb TanaHTvB. na
MEHSA 3TO 3HAYMT, YTO OH JOMKeH 06najaTh ACHOCTLIO yMa U GbICTPOTON MbILLINEHNS,
pa3BuTbiM BoOGpaxkeHMeM U aHTacTU4eckon paboTtocnocobHocTbio. OH JormkeH
6bITb OYeHb yBrieveH Haykoit. Ko BceMy 3ToMy Hago 6bl 406aBUTL XOPOLLIYO MOPLMIO
Yectomobus. A ele nydwe, ecm pagoM GyayT paboTaTb B COPEBHOBaHUM APYr C
[ipyroM [iBa-Tpu TakMX MapHs!

Bo-BTOpbIX, Hy>KEH O4EHb XOPOLLIMI HACTABHWK, HACTOSLLMIA y4UTENb. DTO [OJDKEH
GbITb aBTOPUTETHBIN yUeHbIi, yCMellHO paboTatoLLmil Ha CaMOM NepeAHeM ppOHTe Hay-
Kku. K ToMy >Ke OH JomKeH o4eHb NoBUTb CBOEro yHeHWKa Ui yHEHUKOB, CTPOTO C HUX
cripaluvBarth, noMorath, npogeuratb. .. OuYeHb TPYAHO 3aBOEBATb aBTOPUTET B Hay4YHOM
Mupe 6e3 Takoi MOMOLLM.

Ho ectb ewe oaHo BaxHoe ycnoeue. Pagom ¢ HactasHukom 6yayuiero Hobenes-
CKOrO flaypeara A0KHbI paboTath NATh, a Nyulle AeCATb €ro py3eil, y4eHbIX TOro xe
MMpOBOro YpOBHs. B yHVBepcuTeTE AOMKHA NPUCYTCTBOBATL OMpefeneHHas KKpUTUYe-
CKan Macca MHTEeNeKTay, YTOObI KaX /bl MONTOAOM yUeHbI B TAKOM YHUBEpCUTETE MOT
HanTW Ana cebs keannbuLMpoBaHHoro cobecegHuka no ntoboi TeMe. Opnbl B KypAT-
HMKaX He POXJAAIOTCA M B HUX XUTb He MoryT. («Eagles can’t be born and live in
henhousey.) KoHeuHo, ko BceMy 3ToMy HeobxoaunMo fo6asuTb U Apyrue ycroBua —



@ IIpeducnosue

MosHOE TexHU4eckoe obecrneyeHne 1 JOCTaTO4HO KOMPOPTHbIE yCroBUsA XU3HW. Begp
TONMBKO B 3TOM C/ly4ae MOXHO MOJIHOCTBIO COCPEAOTOUUTLCA HA HayYHbIX UCCNeoBa-
HUAX.

Bot ecnu Bce 3T ycnoBus cobntofeHbl, si YBEPEH, B TaKOW CPeAe BbIPacTyT yye-
Hble CaMOro BbICOKOTO ypoBHa. HerT, He Bce oHu monydat Hobenesckyio mpemuto.
A pymalo, NULWb OAMH M3 [ecATKa PaBHO JOCTOMHbIX ee nosnyyaer. Ho Beab camoe
rnasHoe — He npemus. CaMoe rnaBHoe — Ka4yecTBO HayKu!»

Mpopouecteo MNepbepra BpayHa cbbinock yxe nocne ero cMeptu. B 2010 r. cpasy
fga ero yuyeHuka — Eint Hervwm n Akupa Cysykn — pasgennnu Hobenesckyto
npemmto no xummmn ¢ Puiapaom XekoM.

A Ha BClO XM3Hb 3aMoMHUN 3TO ero: «Eagles can’t be born and live in henhousey.
C HapacTatoLLielt TpeBOroi A HabNoAAo 32 TEM, KaK B MyKaX YMUPAIOT B HAaLLMX YHU-
BEPCUTETAX U MHCTUTYTaX Hay4Hble LUKOJIbl, COCTABAIOLIME FOPZOCTb HE TONbKO pOC-
CUIACKOW, HO U MMPOBOWM HayKW, KaK TaeT «KpUTU4eCKasa Macca MHTENNIeKTa» B HUX.
B 3T1x ycnosusx «opnioB» HEBO3MOXKHO BblpacTUTb. C ropeybto criexy s 3a TeM, Kak
OAVH 32 [pyrM MOKMAAIOT CTpaHy MoM Jiyylme yveHukn. Oropuatock, HO W rop-
XKyCb — Befb MHOTME MX HUX CeM4ac yXxe BO3MMABAIOT HayuHble KOJEKTUBbI B
CLUA, T'epmanun, ®paHumm, Uranum, LLieeruapumn. OanH 13 HUX, GbIBLUMIA CTyZAEHT
DU3NKO-XMMUHECKO TPYMbl, HbIHE MPOPECCOP OAHOrO W3 aMEpUKaHCKUX yHUBEpPCH-
TeToB, HeAaBHO Hanmcan MHe: «CeroaHa ucnonHunock posHo |5 net ¢ Toro AHs, Kak
A yexan u3 Poccun. OHa BbITONKHYIa MEHA M MHOMUX ApYrX 3a BopoTa. Ham He Ha-
LUMIOCh B POAHOM CTpaHe MecTa, rae Obl MOXKHO ObINo JOCTOMHO paboTaTh U XUTb.
PasMbiunss HaZ MpUYMHOM TOrO, MOYEMy 3TO MPOUCXOAWT, Mbl MPUXOANM K yBexae-
HUIO, YTO K PYKOBOACTBY CTPaHO MPULLI JIOAM, Y€l UHTENIEKTYaslbHbIA MOTEHLMaN
1 MOpasibHO-3TUYECKME MPUHLMMbI (A3, UMEHHO OHU mpexae Bcero!) He nossonstoT
OTHECTU WX K 3NUTe OBLLeCTBA. DTO BPEMEHLLMKM, MMaBHAA Lieflb KOTOPbIX — no6oi
LieHoM yaepxatb BiacTb. OTcloAa Mbl ACHO BUAMM, KaK CTpaHa Bce GbicTpee KaTuTcA B
CTpALLHOE CTA/IMHCKOE MPOLLIIOE, KaK LUMPUTCA MPOMACcTb MEX/Y BIIACTbiO U UHTENN-
reHuuen...»

Ho noka poccuiickas 3eMNis poXXAAeT TaNaHT/IMBbIX, YBIEHEHHbIX HAYKOM, KCKIIOH-
HbIX K OBYYeHMIO» MONOABIX JOAEN, ELUe COXPAHACTCA HAAEXKAA, YTO NPUAYT Apyrue
BpeMeHa. M Mos 3aJja4a, Kak A ee BUXKY, COCTOUT B TOM, YTOObI B MEpy MOWX CUI MOMO-
raTb STUM JIOAAM MOMYHUTb MAaKCMMYM 3HaHUI M OBUTLCA YCMEXOB B HayKe.

I. Ycrbinok FO.A. «loToBa nn Poccusa uHeectmposats B ceoe 6yayuee? (O co-
CTOAHUM cUcTeMbl 06pasoBaHuA M Hayku B cTpaHe) // CoBeplueHCTBOBaHME
3aKoHoZaTenbHoM 6asbl KaAPOBOro obecneyeHns POCCUMIICKON Hayku U Hay-
KOEMKOrO MPOU3BOACTBA C y4ETOM onbiTa Haykorpaga O6HuHcka: mamepua-
bl 8ble30H020 3acedaHus Komumemos [ocydapcmeerHol [ymel no Hayke u
HAyKOeMKUM mexHos102uamM u ob6pasosaHuto & 2opode O6HUHcKe 8 dekabps
2008 2. N3daHue [ocydapcmeenHol dymbi. M., 2009. C. 49—66.

2. DdpoumcoH B.IM. MeHnanbHocTs 1 reHetmka. M.: Pycckuin mup, 1998 r.

7 aszycma 2015 e.
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[NporpaMMa Kypca Nno opraHMYecKon XuMmm
ANA cneunannsnpoBaHHOM
PU3MKO-XMMUYECKOM MPYNMbl

Ilpunoxcenue 1

ITporpamma mucumruiMHbl «OpraHndeckass XMMUSI» I CTYAeH-
TOB CHEIMATU3UPOBAHHON (DU3NKO-XUMUYECKON TPYMIIBI CO-
cTaBieHa B cooTBeTcTBUU ¢ TpeboBaHusmu PIOC BITIO
CTPYKTYpe U pe3yJbTaTaM OCBOEHHSI OCHOBHBIX O0Opa3oBaTelib-
HBIX TIPOTPaMM CIEHHAIUTETa MO0 MPO(heCcCUOHATBHOMY LIUKITY
110 HanpaBJIeHUIO MOAroTOBKN «DyHIaMeHTaabHas U TIPUKJIIaI-
Hasi XUMUST», a TAKKE 3aa4aMu, CTOSIIIUMHU Tieper MOoCKOBCKUM
rocyqapcTBEeHHbIM yHUBepcuTeromM nmeHu M.B. JlomoHocoBa
no peanusauuu [Iporpammel passutust MI'Y.

OcHoBHbIe 0JIOKH (MO/IYJIN) JIEKIIMAOHHOTO Kypca

Ne Kou-Bo
Tema .
n/n JIEKIUi

Modyae 1. [Ipedmem u 3adauu opeanu4ecKoll Xumuu.
OcHosHble 3manst ucmoputeckoeo pasgumus — 1 aexyus

1 | peameT u 3a1a4n opraHuYecKoil XuMur. OCHOBHBIE STarTbl 1
HUCTOPUUYECKOTO PA3BUTHST

Modyab 2. Beoonvtii konyenmp. Obujue npedcmagaeHus o CmpoeHuu
U peaKyuoHHOl CNOCOOHOCIU OpeaHU1ecKUX coeduneHutl — 9 AeKyutl

2 | Ckenerbl M (yHKIIMOHAJIBHBIE TPYIITBI OPraHUYECKUX MOJIe- 1
KyJ

3 | MeTobl ONMCaHUS DJIEKTPOHHOM CTPYKTYPhl OPraHUYECKUX 1
MOJIEKYJT

4 | Tunbl ¥ XapaKTepUCTUKU XUMUUECKHMX CBSI3€i B OpraHuye- 2

CKHMX MOJIEKYJIax

MC)KMOJ'ICKYI[H])HI;IC B3aUMOJIEUCTBUS

OCHOBBI CTEPEOXUMUU

OpI‘aHI/I‘iCCKl/Ie KHMCJIOTBI U OCHOBaHMSI

wo| || w
— =] =

OCHOBHBIE TUITBI XUMUYECKUX peakunﬁ

Mooynv 3. Qusuko-xumuueciue memoods: UCCA006aHUS
OpeaHuHeckux Moaekyn — 6 nexyuil

9 | Criekrpockornus IMP 2
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IIpono/keHne TAOIMIbI
Ne Koa-Bo
n/n Tewa JIeKIuii
10 | Macc-cniekTpoMeTpusi 1
11 | KonebarenwpHas cnekrpockonus (MK, KP) 1
12 | OmekrponHas criekrpockorust (YO, Bunnmast o6mactsb, POC) 1
13 | Cnexkrpockornust DITP 1
Mooyas 4. Xumus yeneeodopodos — 11 aexyuit
14 | Ankanbl 2
15 | AnkeHbl 2
16 | IveHbl 1 OJIMEHBI 2
17 | AnKuHBI 1
18 | LluknoankaHbl U IUKJIOATKEHBI 1
19 | ApeHBl 1 apOMAaTUYHOCTD 3
Moodyas 5. Xumust pyHKUUOHANbHBIX NPOU3BOOHBIX — 23 NeKuu.
20 | AIKWITaIOTeHUIbl, BAHUJITAJIOTeHU/IbI, TaIOUIapEHbI 4
21 | Marauii- v TUTUOPTaHUYECKHUE COSAMHEHUS 1
22 | CriupThl ¥ (heHOITBI 2
23 | [IpocTbie 2bupbl U OKCUPAHBL 1
24 | Anbaeruabl U KETOHBI 3
25 | KapOoHOBBIE KMCIIOTBI M UX TIPOU3BOIHBIE 5
26 | HutpocoeanHeHus aandaTnyeckoro psiaa 1
27 | HutpoapeHbl 2
28 | AMuHBI anudaTuyeckue 2
29 | AMMHBI apoMaTUYeCcK1e 2
Moodyns 6. Apomamuueckue cemepoyuxabl — 6 AeKyuil
30 | [TaTuuneHHbIE reTePOLIMKIIbI 2
31 | Uumon vt uHAMTO 1
32 | LlecTuuaeHHBIE TeTEPOLIUKITBI 2
33 | XMHOMWH U U30XUHOJIUH 1
Modyas 7. Hauanvhvle ceedenus 0 6uoa02uecku 8aNcHbIX
0p2aHUHeCKUX COeOUHeHUSX — 7 NeKyuil
34 | YraeBonbl
35 | AMMHOKUCIIOTBI, TIENTUIBI U OeIK1
36 | Jlunumabl, TEPIIEHBI, CTEPOUIBI
Bcezo 63
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Moayab 1. IIpeamer u 3axaun opranmdeckoii xumun. OCHOBHbIE
3Tanbl KICTOPUYECKOTO PA3BUTHS

ITporpamma Kypca

Tema 1. IIpedmem opeanuueckoii xumuu. Mecmo opeanuueckoil Xu-
MUu cpedu Opyaux XUMU4eCcKux u ecrmecmeeHHO-HAYYHbIX OUCYUNAUH

[Ipenmer opranuyeckoit XumMuu. OCHOBHbBIE UCTOPUYECKUE
MepUoabl Pa3BUTHUS (AHAUIMTUYECKUI MEepuo, Mepruoa CTaHOB-
JIEHUS Y pa3BUTHS KJIACCUYECKOM CTPYKTYPHOM TEOPUU, IIEPUOLL
Gu3NYecKoil OpraHuvYecKoi XMMUM, COBPEMEHHBIN MEPUOL, Cy-
MpaMoJIeKyJIsIpHoil xuMnun). OCOOEHHOCTU MOHITUITHOTO arria-
paTa OpraHU4YeCKOU XUMUMU.

VYraepon B mipupone. AJJIOTPOITHbIE MOAMMUKALIMHU YIJIEPO-
na. OpraHn4YecKre COeNMHEHUs B IIPUPOJIE.

Moayan 2. Obmue npeaACTABIEHNS O CTPOSHUH U PEAKIMOHHOM
CIHOCOOHOCTH OPraHUYECKHUX COeTHHEHHIt

Tema 2. Cocmas u cmpoenue opeanuueckux coedunenuii. Tuno
cKenemos U QQYHKUUOHANbHBIX 2DYNN 8 OP2AHUMECKUX MOACKYAaX

MonekymnsipHble U CTPYKTYpHbBIEe (hopMymbl. Tumsl yriepon-
HBIX CKEJIETOB B OpraHuuYecKux moJiekynax. CoequHeHus C OT-
KpBITOH 11eTblo. ['oMonmornyeckue psiabl. TUIbl n13omepun opra-
HUYECKUX MOJIEKYJI: CTPYKTYpHasl, MPOCTPAHCTBEHHAsI, OTITHYE-
ckast. KapOonukibsl U KapkacHble yriieBogopoasl. CoenquHeHus
C KPaTHBIMU CBA3SIMU. AJIKeHbL. Z, E (yuc-mpawnc)-u3oMepus ai-
KEHOB. ANIKUHBI. JIUeHbI U TOJIUEHBbl. ApOMaTUUYECKUE YTIIEBO-
nopoabl. KateHaHbI U poTaKCaHbl — COEAMHEHMUSI C TOMOJIOTHYE-
CKOJ CB43bIO.

OcHOBHbIE (DYHKIIMOHAJIbHBIE TPYTIIBI B OPTAHUYECKUX MO-
JIeKyJiax U IIaBHbIe HaMpaBJIeHUS UX XUMUUECKUX TpaHCdopMa-
1uit. ['amoreHsl B opraHMyeckux MoJiekyaax. ['pyrmsl, cogepxa-
1IMe KUCIopoa, B CUpTax, eHonax, MpocThiX a(hupax, OKCHU-
paHax, ajbaeruaax, KEeTOHaxX, KapOOHOBBIX KHCIOTaX M UX
MPOU3BOAHBIX. ['pymIibl, conepxamme a3oT, B aMMHaX, UMUHaX,
HUTPOCOEIUHEHUSIX, HUTPO30COECINEHUSIX, TUIPOKCUIAMUHAX.
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I'pyniibl, cogepsxkaliue cepy, B MepKanTaHax, cyjibdumax (THo-
a¢upax), THOKAPOOHUJIBHBIX COCAMHEHUSX, CYIb(POKUCIOTAX,
CYIb(MEHOBBIX U CYTB(MUHOBEIX KMCIOTaX U CYIb(POKCHIAX.

Tema 3. Memoob: onucanus 31eKmMpoHHOL CMPYKMYpbl OpeaHu4e-
CKUX MOACKYA

OcHoBHbIe nojoxeHus: Merona MO. IlpencraBneHus o mo-
BEPXHOCTSIX ITOTEHIUAIbHOM HEPTUU MOJIEKYISIPHBIX CHUCTEM.
Monekyna Bogopoaa v uon Hj. Monekynsipubiii non Hf. Opro-
U Tapa-Bojopon JByxaToMHbIe TOMOSIIEpHbIE MOJIEKYIbI. [IBY-
XaTOMHBIE T€TePOsIIEPHbIE MOJIEKYJbl. DJIEKTPOOTPULIATEIb-
HOCTb aTOMOB M aTOMHBIX rpyIil. [TojsipHoCTh cBsi3eii. Dddek-
TUBHBIC 3apsiAbl Ha atomax. [IpuOIMXKeHUe JTOKaTM30BaHHBIX
cBs3eil. [mopunuzanusa AO.

Tema 4. Tunvl u xapakmepucmuky Xumu4ecKux ceszeil 6 opeanute-
CKUX MOAEKYNAX

DHepruy KOBaJCHTHBIX XUMUICCKUX CBsI3eil. JITMHBI XUMM-
YECKHUX CBsI3ell, BaJleHTHbIE U IBYrpaHHble yIibl. [lonsipHOCTb
XUMHWYECKHX cBs3eit. [1omsipr3yeMoCcTh MOJIEKYT U XUMUIECKUX
CBS3EH.

MosgexkynsipHble OpOMTaIM MHOTOATOMHBIX MOJIeKyJd. Me-
TaH, 3TaH, otuiieH. Mon metonuss CHZ. Komrnekcsl aqkeHoB ¢
nepexogHsiMu Metaiamu. Conb Lleiize. Heknaccuueckue ru-
npunsl Kybaca m KOMIUIEKCH aIKaHOB C MEPEXOTHBIMU METal-
nmamu. JIOHOPHO-aKIETITOPHBIE CBSI3U. KOMIIIEKCH «KHMCIOTa
JIptonca — ocHoBanue JIponca». CeMUIIoasIipHbIe CBA3U. Tpex-
LIEHTPOBBIC YETHIPEXDJICKTPOHHbBIC CBS3H. [ MIepBaJIcHTHBIE CO-
enuHeHUs. BomopomHbIe cBSI3U

OmnucaHue 3JeKTPOHHBIX 3 (HEKTOB B MOJIEIH C JTOKAIU30-
BaHHBIMU CBS3sIMU. MHIYyKTUBHBINA 2hdekT u apdexr mons.
Dddexr compsskeHms. [MMepKOHBIOTAIUS U OTpULATEIbHAS
TUTIEPKOHBIOTALIHS.

Tema 5. MexcmonexyaapHole 63aumooeiicmeus

KynoHoBcKOe, MOH-TUTIONBHOE, TUTIONb-IUIIOIBHOE U THC-
TMEPCUOHHOE B3aMMOACHCTBUS. MOJIEKYISIpHBINA 3J€KTPOCTATU-
yeckuit noteHuMan (MOCIT). Xumusi pbIXJIbIX JbIOMCOBBIX Tap.
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Tema 6. Ocrogvl cmepeoxumuu

Koundurypauus m xoHdopmauus. XupajabHble OOBEKTHI.
DJIEeMEHTHI XUPATbHOCTH (XUPaTbHBIA IICHTP, XMpallbHAS OCh,
XUpabHas TUIOCKOCTb, XWpaJbHasl CHUpaib, TOIIOJOTMYECKast
XUPAIBHOCTB). OnTUYecKask akTUBHOCTh. [IpoekiinoHHbIE HOp-
mynel @umrepa. CTepeoOXUMUIECKUN PSIT TIIULIEPIHOBOTO allb-
neruga. CrepeoxuMmuyeckasi HomeHkiatypa Muronbna — Ilpe-
Jora — KaHa.

MeTonbl onpenejieHus: aOCOMIOTHON KoHduUrypamuu. Parie-
MaTBl 1 METOIbI MX pacIleruieHusl. [ OMOTOMHbBIe, 3HAHTHOTOII-
HbIE U TMACTEPEOTOIHbIE OTHOIICHUS TPYNI B MojeKyJax. Io-
MOTOITHEIE, SHAHTUOTOIHEIC W TNACTEPEOTOITHBIE TTOBEPXHOCTH
B IJIOCKMX MojieKysnax. CTepeoXuMusi COeIMHEHUI ¢ HECKOJIb-
KUMU XUpaJbHBIMU 3JieMeHTamMu. Me3ogopmbl. OO11IMe cBene-
HUS 00 SKCIIePUMEHTAIbHBIX METOAAX U3YYEHUST XUPATbHBIX Op-
TraHUYECKUX MOJIEKYJT (CIIEKTPOIIOISIPUMETPUSI, CIIEKTPOCKOMUS
K u 1OB). Paniematsl 1 KoHrnomepathl. O01IMe mpencTabie-
HUS O METOJax pa3iesieHUs] SHAHTUOMEPOB U OIpeAeICHUsI OIl-
TUYECKOM YUCTOTHI.

JuHamMnueckasi crepeoxuMusi. bapbepbl BpallieHusT BOKpYT
MPOCTHIX U KPAaTHBIX YIJIEPOA-YIJICPOMHBIX CBsI3eii. DTaH, H-0y-
TaH, KOH(GOPMAIIUS «IUIOCKOTO 3Ur3ara» HOpMaJIbHBIX aTKaHOB.
Crepeoxnmus KapoouukiaoB. LIukionponaH, IUKI00yTaH, 1A~
KJIOTICHTaH M LMKJIoreKcaH. KoHbopMammy 3Tux MOJIeKyI 1 6a-
pbephl KOH(POPMAIITMOHHBIX TIEPEX0NO0B. s-1[uc- n s-mpauc-KOH-
(opMepsI COTTPSKEHHBIX TUCHOB.

Tema 7. Opeanuueckue Kucaomol U OCHOBAHUS

Kucnotel u ocHoBanus (bpencren, JIntonc). ConpsokeHHbIE
KUCJIOThI U OCHOBaHUS. KMCIIOTHO-OCHOBHBIE paBHOBECUST Ha
MpUMepe CIUPTOB, ANbAETUIOB, KETOHOB, aMUHOB M KUCIOT.
KoHctanTel kucinotHocTM pK, OpraHWYECKUX COEIMHEHUA.
BaustHre 3amMecTuTeNeil Ha KUCIIOTHOCTh M OCHOBHOCTD. I1pnH-
LIMIT JIMHEHHOCTU CBOOOMHBIX 3Hepruii. KoppeisiimoHHbIe
ypaBHeHus I'ammeTra — TadTa v rpaHUIBI UX TTPUMEHUMOCTH.
AP dexTl cpenbl. KUCIOTHOCTh 1 OCHOBHOCTD B Ta30BOI (hase.
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KoHmenums XecTKNX W MSITKMX KUCIOT W ocHoBaHuil (ITup-
COH). DIEeKTPODIIIBI X HYKJICODUITBI.

YraeBomoponsl Kak C— H-kucimoTel. MeTonpl TeHepupo-
BaHMs KapOaHMOHOB, UX CTpOCHUE M cTepeoxumus. PaBHOBe-
CHSI C y9aCTHUEeM MOHHBIX TIap M METOIBI MX M3ydeHUs. PakTo-
pBI, OMNpeesIoNNe YCTOWUUBOCTh U PEAKIIMOHHYIO CIOC00-
HOCTh KapOaHMOHOB. KapOaHUOHBI, CTaOMIN3UPOBAHHbIE
3JIEKTPOOTPULIATETbHBIMU 3JIEMEHTOOPraHMUECKUMM TpyMIia-
mu. Penokc-mporecchl ¢ yuactueM KapobaHMOHOB. AHUOH-pa-
JUKaJIbl apoMaTUYeCKUX COoeNuHeHUui. MeTonbl reHepupoBa-
HUSI U UccaeaoBaHus. PeakuimoHHas CrocOOHOCTh aHMOH-pa-
JIUKAJIOB.

Tema 8. Ocrogrble Munvl XUMUHECKUX PeaKyuil

ATTpaKTUBHBIC W PEITYJIbCUBHBIC B3aMOICIICTBHUS MOJICKYII.
[MpuHTIMTIBL OPOUTATTEHBIX B3aUMOAEUCTBUI. MOJIEKyISIpHBIN
3JIEKTPOCTAaTUYECKUI MOTEHIUAT. 3apsiioBbI U OpOUTATIbHBIN
KOHTPOJIb B OPTAHWYECKUX PEaKITUSIX.

OO6paTuMble U HeOOpaTUMBbIE peakiuu. ['eTepoauTuyeckre u
TOMOJIUTUYECKHE TTPOLIECChl. DIEKTPOLIMKINYECKUE PEAKITNH.

OpHocTaauiiHbIe 1 MHOTOCTaJIMITHBIE XMMUYECKHE TTPOIIEC-
cbl. KnHeTnueckuii mopsmoK peakinu. MOHOMOJIEKYJISIpHbIE U
OMMONIEKYJIsIpHBbIEe peaklu. XUMUUecKoe paBHOBecue. Tepmo-
IUHaMU4YecKue napamMeTpsl paBHoBecust AG, AH, AS.

OO011Me TpeACcTaBAeHUSI O METONaX U3YYeHUST KUHETUKU Op-
raHmyeckux peakuuii. Koncrantel ckopoctu. Teopust mepexom-
Horo coctosiHus. [IpencrapieHue 0 MOBEPXHOCTU MOTEHLIMATIb-
HOI 3HEpPruyd CHCTeMbl M KoopauHate peakiuu. IlepexomHbie
cocTtosiHUS 1 nHTepMmenuatsl. [Tocrynar Xommonna. KnHernye-
cKMe MU30ToIHbIe 3 dekThl. KnHeTnyeckne mapamMeTpbl XMMU-
yeckoit peakumu. AG™, AH*, AS™ u crmocoObI UX ONpeaeIcHHUSI.
VYpaBuenue Bant-T'odda u ypaBHeHue Appenuyca. Tepmonu-
HaMUYEeCKMI1 1 KHHETUYECKUI KOHTPOJIb.

KaTanu3 B oprannueckoit xumuu. Crioco0bl akTUBAILlUKA Ma-
JIOPEaKIIMOHHOCTIOCOOHBIX MOJIeKY1. ['eTeporeHHble U TOMOTeH-
HbIEe KaTaau3aTopbl. DAEeKTPOGUIbHBIN KaTalu3.
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Knaccudukanus opranndyeckux peakiuii. Peakiiuu npuco-
eNMHEeHUS, 3aMellleHUs, SMUMUHUpOoBaHUus. PparMeHTalusl.
[TeperpynnupoBKu.

OCHOBHbIE TUITbI BBICOKOPEAKIITMOHHOCITOCOOHBIX MHTEPME-
IMATOB B OpraHMYecKux peakuusx. KapoeHreBblie HOHBI U Kap-
O0anvoHbl. MonHbie mapel. Panukansl. AHUOH-paauKalbl U Ka-
TUOH-paUKasbl. DJIEKTPOHHOBO30YXIEHHbIE COCTOSIHUSI MOJIe-
Kyl B CHUHIJICTHOM W TPUIUIETHOM COCTOSTHUSIX. YacTWIel C
CEKCTETOM 3JIEKTPOHOB — KapOEHbI U HUTPEHBI.

MOle.le 3. ®u3uKO-XUMHYECKHE METOAbI UCCJICA0OBAHUA
OPraHn4eCKux MOJICKYJ1

Tema 9. Cnexmpockonus SIMP evicokoeo pa3peuienus

MarHuTHble MOMEHTBI aTOMHBIX siep. Pacierienue ypos-
Heil SHepPIrUM Siipa BO BHEITHEM MarHUTHOM TIoJie. YCJIOBUE pe-
30HaHca. Pemakcammsa. OOIIne MPUHIIMITEL YCTPOMCTBA COBpE-
MEHHBIX UMITYJIbCHBIX criekTpomeTpoB AMP. YcnoBus Habmo-
IeHus creKTpoB SIMP BBICOKOTO pa3pellieHUsI B XKUAKOCTIX U
rasax M IpaBujia MOATOTOBKM 00Pa3IIOB ISl U3MEPEHUIA.

XUMHWUYECKUE CABUTU M KOHCTAHTBI CITMH-CITMHOBOTO B3au-
mozeiicTBus B criektpax 'H-IMP u BC-S4MP opranuueckmx
coenuHeHU. CBSI3b 3TUX ITapaMeTPOB CO CTPOCHUEM MOJICKYJI.
AMP u cTepeoxuMusi OpraHMYEeCKUX MOJIEKYJI.

IIpaBuna nnrepnperauuu criekTpos IMP niepBoro nopsiaka.
DddexTh He nepBoro nopsiaka. HayanbHble cBeneHUsT O MpPo-
cthix n1ByMepHBIX criekTpax IMP COSY, HETCOR u NOESY.

BnusHue nuHaMuyecKux mpoieccoB Ha BU criekTpoB AMP.
M3zyuenue ¢ nomoubto A MP nipolieccoB XuMUueckoro ooMeHa.

OrnpeneneHre CTPYKTYPhl OpTaHMIECKUX COSTMHEHUI METO-
oM AMP.

Tema 10. Macc-cnekmpomempusi

YeTpoiicTBO  Macc-CeKTpoOMeTpoB. THIIBI  aHAIM3aTOPOB
(MarHUTHBIN, KBaIPYIOJAbHBIN, BpeMSIIPOIeTHBII). Macc-crek-
TPOMETPBI C IBOMHON (DOKYCUPOBKOM, CIIEKTPOMETP MOH-1IM-
KJa0TpoHHOro pe3oHaHca. Cucrembl [2KX-MC u BOXKX-MC.
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MeToapl MOHM3ALMK MOJIEKYJ B Ta30Boii (pasze. Macc-crnekTpbl
MOJIOKUTEIBHBIX M OTPULATEIBHBIX MOHOB. KilacTtep Mojeky-
JIIPHOTO MOHA W TOYHOE OTpeiesieHNe MOJIEKYISIPHON MacChl.
BiusiHre M30TOIMHOIO COCTaBa Ha BU MacC-CIIEKTpa.

OCHOBHbIE HarnpaBieHHUs (hparMEHTALIMU OPraHUYECKUX MO-
JIEKYJI Pa3HBIX KJIACCOB B MacC-CIEeKTpax 3JeKTPOHHOTO yiapa.
CTpyKTypHBIIt aHAJIN3 TI0 JAHHBIM MacC-CITEKTPOMETPHN.

Meronbl MCCIIeIOBaHUS HMOH-MOJIEKYJISIDHBIX peakluii U
oIpe/ieJIecHe OCHOBHOCTHA OPTaHMYECKHMX COCAMHEHWII B raso-
BOI1 (ha3e.

Tema 11. Kosebamenvuas cnekmpockonus. UK- u KP-cnekmpoi
0peaHu4ecKux coeOUuHe Uil

KonebarenbHast crnekrpockornuss B MK-o6aactu. Ilpowc-
XOXJIeHUe KojiebaTelbHbIX crieKTpoB. [1paBuia oroopa B UK- u
KP-cnekrpockonuu. MHTEHCUBHOCTbh CUTHAJIOB TOJIOLIECHUSI.
DKcnepuMeHTanbHble MeToabl mamepeHus MK- u KP-crek-
TPOB.

XapakTeprCTUIECKIE YaCTOTHI (DYHKIIMOHAIBHBIX TPYIIT B
OpraHM4YecKrUxX MosieKynax. CTpyKTypHBI aHajld3 OpraHude-
ckux coenuHeHuii ¢ momoubio MK- u KP-cniekrpockonuu.

Tema 12. DnexmporHble cneKmpbl NO2AOWEHUS 0PAHUHECKUX COe-
Odunenuii 6 Y@ u eudumoii oonacmsx cnekmpa. Pomosnexkmpounas
CHeKmpoCcKonus

OCHOBHOE U 3JIGKTPOHHOBO30YXICHHBIE COCTOSTHUSI MOJIe-
KyJ1. PaspellieHHbIe 1 3ampelleHHbIe TiepeXoabl. XpoModopsl 1
ayKcoxpoMmbl. CBsI3b MOJOXEHUS] MAKCUMYMOB TIOTJIOIIEHUS U
WHTEHCUBHOCTE CO CTPOEHMEM OPraHWYEeCKMX COCIMHEHW.
KauecTBeHHBII W KOJWYECTBEHHBI aHaAJM3 C TOMOIIbIO
VY®-CcreKTpoCKON1H.

Cxema (OTO37IeKTPOHHOTO criekTpoMeTpa. MOD-creKTpshl
MPOCTHIX OPraHWYEeCKUX MOJIEKYT (MeTaH, STWJIEH, alleTHJICH,
OCH30J1) ¥ UX MHTepIIpeTaLIus.

Tema 13. Cnekmpockonus D11P
MarHuTHbBI MOMEHT 3JIEKTPOHA. YPOBHU SHEPIUU DJIEKTPO-
Ha BO BHEIIHEM MarHUTHOM I10Jie. DKCIIEPUMEHTAIbHbIE METO-
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bl peructpauuu cnektpoB DITP. ITapamerpsl criekTpoB DITP —
MHTEHCUBHOCTh CUTHAaja, g-pakTop U KoHcTaHThl CTB. CBs3b
napameTpoB DITP co cTpoeHrMeM mapaMIHUTHBIX YacTULL (paau-
KaJbl, aHUOH- M KaTHMOH-PaIUKaJbl, TTapaMarHUTHEIC HOHEI).
Hzyuenue MerongoM DIIP cTaGUIBHBIX a30T-LIEHTPUPOBAHHBIX
(runpasuiabHble, HUTPOKCUJIbHbIE, UMUHOKCUJIbHbBIC), KUCIO-
pPONI-LIEHTPUPOBAHHBIX (apPOKCUJBHBIE) U YIJIEPOA-LIEHTPUPO-
BaHHBIX (TpUAPUIMETUIbHBIC) pannKaioB. CIIMHOBEIE METKU U
CITMHOBBIE 30HIbI. McclienoBaHue paanoin3a OpraHu4ecKux co-
ennHeHnit MetonoM DIIP.

Moayab 4. XuMus yIj1eBoa0pOI0B

Tema 14. Ankanbl

Howmenkmatypa ankaHoB. CTpyKTypHast M ONTHYECKas M30-
Mepust. Kondopmauuu ankaHoB. CrHekTpajlbHble XapaKTepu-
CTUKU aJIKAaHOB.

[TpupomHble UICTOYHUKU YTIIIEBOIOPOIHOTO CHIPhS — He(Th
1 ra3. MeraHoreHes B mpupoje. OCHOBHbIE HAIIPaBJIEHUS MPaK-
TUYECKOTO UCITOJIb30BaHUS aJIKaHOB.

Mertonbl MoOJyYeHUsT aJKaHOB B JJaOOPaTOPUU U ITPOMBIII-
JICHHOCTU: TePMUYECCKUA U KaTATUTUICCKUI KPEKWHT YIJIEBO-
nmoponoB HedTH, mporecc Pumrepa — Tpomia, TMIPUPOBAHUE
HETIpeIe/IbHBbIX COSIMHEHUI, aIKMIMPOBaHUE 0J1e(hMHOB, peaK-
st Kojbbe, BOCCTaHOBJIEHME KapOOHWMJIBHBIX COCIMHEHUIA,
CHUHTE3bI C UCIIOJIb30BAHMEM TaJIOMIHBIX AJIKUJIOB U ApYyTUe pe-
aKIMM.

XyUMUYeCcKre CBOMCTBAa ajKaHOB. Peakiuy pamuKalbHOTO
3aMelneHus. [anonnnpoBanme, cyIbhOXIIOPUPOBAHNE M HUTPO-
BaHue. AJIKWIbHbIE pamuKajbl U (haKTOPhI, ONpEAe/IsIOIe UX
OTHOCUTEJIbHYIO YCTOMYUBOCTbh U PEAKIIMOHHYIO CITOCOOHOCTD.
OKucIieHre aJIkaHOB. broormueckoe oKMcIeHNE.

WMonHbIe peakiuy alKaHOB. Peakiny OKUCIUNTEIbHOIO K-
COCIMHEHMSI aJIKAHOB K MOHAM 1 KOMIUIEKCaM IePEXOIHbBIX Me-
TaJUTOB W TIpobjieMa akTtmBaumy cBsa3eit C—H B ankanax. Co-
BPEMEHHbIe TEHIECHIUU PA3BUTUsI XUMUU TpeaebHbIX YIJIEeBO-
JIOPOJIOB.
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Tema 15. Anxenoi

Howmenkmnatypa ankeHoB. CTpyKTypHast M TeOMeTpHUecKast
n3omepust. OTHOCUTENbHAsE YCTOMYMBOCTH M30MepoB. Crek-
TpaJibHbIE XapaKTePUCTUKU ATKEHOB.

MeTtonpl cuHTE3a alKeHOB. Peakliuy 371MMUHHAPOBAHUS B
PSIIY CIIMPTOB, TAJTOMAHBIX aJTKWIOB, YeTBEPTUIHBIX aMMOHUE-
BBIX OCHOBaHWUii. PermocenekTMBHOCTH, TIpaBWja 3aiilieBa U
Tl'opmana. CrepeoceleKTUBHOE BOCCTAaHOBJIEHHE alKMHOB. Pe-
akius Burtura. Peakuust MakMyppu. Peakuus Xeka.

Peakuiuy npucoenuMHeHMs1 K ajlkeHaM. MexaHU3Mbl 2J1eK-
TPOMWIHLHOTO M pagUKaJIbHOTO IIPUCOSANHEHUS TAJIOTCHOB, Ta-
JIOTEHOBOAOPOIOB, Boabl, cojieit prytu (II), 6opoBoaOpPONOB.
IlpaBuwiio MapkoBHUKOBa U MepeKUCHBIH 3ddexr Xapaiia.
[Iporieccrl, comytcTBylomme AyE-peakuusaM: conpsikeHHOe
MpUCOeNVMHEHNUE, TUAPUAHbIE U aJKUJIbHbIe Murpauuu. Peak-
LIUU TI0 AJJTUJIBHOMY TTIOJIOKEHUIO.

Peakiium mpucoequHEHMSI K ajKeHaM, KaTaJu3upyeMble
KOMITIEKCAaMU TIEPEXOMHBIX METAIJIOB. DHAHTHOCEICKTUBHOE
TUAPUPOBAHME AIKEHOB C UCIOJIb30BaHNEM KOMILJIEKCOB PO
W pyTeHUs ¢ xupajdbHbIMU (ochuHamu. Peakumst [MTocona —
XaHa.

OkuclieHre aJIKeHOB: ruapokcuinpoBanue (Barnep), smok-
cunupoBaHue (ITpunexaes), o30HOMM3. OKUCIUTENIbHOE pac-
mweruieHue KMnO, u Na,Cr,0,, Bakep-mnpoiiecc.

IMpucoennHenue KapOoeHOB K ajkeHaM. MeTobl reHepupo-
BaHMSI KapOeHOB (DOTONMM30M M KaTaJIUTUYECKUM TEPMOJIU30M
Ma30COCIMHECHUI, CHHTE3 U3 TO3WITUIPA30HOB (peakius bam-
dopna — CruBeHca), MoJiyueHUe B peakLUsIX A-2JIMMUHUPOBA-
HUSI TaJIOMIOBOIOPOJOB M3 TOJUTAJIOTEHUIOB TION TEWCTBHEM
CMJIbHBIX OCHOBaHHUil. CTpoeHUEe M CBOiiCTBa KapOeHOB. Tpu-
IUIETHbIE M CHHIJIETHbIe KapOeHbl. PAaKTOPhI, ONpeaessioiie
ycToitunmBocTh. CTaOMIBHBIC KapOeHBI. Peakumy mprcoeqnHe-
HUSI 10 KpaTHBIM CBSI3IM 1 BHenpeHus 1mo C — H-cBs3saM.

AJIKEHBI B peakiusx 1,3-IuImoasipHOro MPUCOSTMHEHMSI.

qi- KoMIIIeKChl aJIKEHOB ¢ MepeXoaHbIMU MeTa/uiaMu. MeTa-
Te3uc ajJkeHoB. ['mupodopMuIMpoBaHue aIKeHOB U Ipyrue pe-
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akuM¥ (PyHKUMOHAIM3ALMU, KaTalU3UpyeMble KOMILIEKCAMU
MTePEXOIHBIX METAJIJIOB.

PanukanbHasi 1 MOHHAsI MOJMMEPU3ALUs U TeJIOMEPU3aLits
ankeHoB. CtepeocelleKTUBHAS TIOJMMEPU3allNsl Ha METaJUIo-
KOMIIJIEKCHBIX KaTanau3atopax Llurnepa — Harra.

Tema 16. /luenst

Homenknarypa, kinaccudukauusi 1 uzomepust nueHoB. Ky-
MYJICHBI, COMpPSDKEHHBIE W W30JIMPOBaHHBIE AWeHBbI. OTHOCHU-
TeJIbHAasl CTAOMIBHOCTh M30MEPHBIX MeHOB. CIIeKTpaIbHbBIC Xa-
PAKTEPUCTUKY TUECHOB.

MeTonpl cMHTE3a KymyJeHOB U aueHoB-1,3. Crepeoxumusi
1,3-mm3aMenieHHbIX auteHoB. OCOOEHHOCTH CTPOCHUS Iue-
HOB-1,3. Monekynsipable opoutamu u OD-criekTpsl. Peakimm
1,2- u 1,4-npucoenuHeHus K aueHaMm. KnHetuyeckuit 1 TepMo-
ITUHAMWYECKUIT KOHTPOJIb B peaKIIUsIX IIPUCOCTNHECHUS.

JAMeHOBBIII CHHTE3 KaK IMpUMEp NMEePULIMKIMYECKON peak-
uun. Pors B3AMO 1 HBMO B nepexogHoMm cocTossHuU. Brims-
HHE CTPYKTYPHI I¥ieHA U JUeHO(pIa Ha peTHO- 1 CTepeoHaIpaB-
JICHHOCTh TIpoliecca. Mcrmonb3oBaHHWE AUWEHOBOTO CHUHTE3a B
CHHTETUICCKUX IIEJISIX. PeTpoameHOBEII pacma,.

Cneuuduueckue cpoiictBa 1,4- u 1,5-gueHon. Ju-m-mera-
HOBas TeperpyninupoBKa u reperpynnupoBka Koyma. BaneHr-
Hast TayTOMEePUSI TIPOU3BOIHEBIX OyJIbBaJICHA.

Tepmuueckue U GHOTOXMMUYECKUE PEaKLIMU 3aMBIKAaHUST U
PacKpBITHS IIMKJIOB B AMeHaX U moyMeHax. [IpaBuia coxpaHe-
HUs opOuTanbHoOi cumMeTpuun BynBopna — XoddmaHa.

IMonumepuzarus gueHos-1,3. CTpoeHUe KayuyKOB U COBpe-
MEHHBIC TTPOOJIEMBI XMWY 3JIACTOMEPOB.

Tema 17. Ankunbl

Homenknatypa u musomMepus aakuHoB. CrieKTpajbHble Xa-
PaKTEPUCTUKH aJIKUHOB.

Mertonsl CUMHTE3a ajJKUHOB. KHMCIOTHOCTb TePMUHATBHBIX
AJIKMHOB. MeTOIbl MOJYYeHUsI METaUIOOPTraHUYECKUX ITPOU3-
BOJHBIX aJIKNHOB U MX UCIIOJIb30BaHUE B OPraHUYECKOM CUHTE-
3e. Mi3oMepu3anust aTKWHOB 1O AeHCTBHEM OCHOBaHWIA. Alle-
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TUJIeH-aJUIeHOBasT n3oMmepusanus. CMmelleHue TpOHOM CBSI3U B
TEPMUHAJILHOE TTOJIOKEHMUE.

Peaxktiinu mpucoenuHeHusi K ankuHam. Permo- u crepeoce-
JIEKTUBHOCTh B PEaKIUsIX TUAPUPOBAHUS, TaJIOTeHUPOBAHUS,
TUAPOTAJIOTEHUPOBAHUS, TUAPOOOPUPOBAHUS, TUApaATALlUU,
MPUCOENVNHEHUS CIIUPTOB U TUOJIOB. AJTIKMHBI B peakuu Juib-
ca — Anbaepa.

KonaeHcanum ankuHOB ¢ anbaerugamMyu u ketoHamu (Pa-
Bopckuit). KapboHunupoBaHue ankuHoOB. [u-, Tpu- U TeTpame-
puszanusl auetusieHoB. KoMIieKchl alkKUHOB C MEepeXOIHbIMU
metaiaMu. OKUCIUTENbHAsE KOHAEHCALIMSI TEPMUHATbHBIX ajl-
KMHOB Mof AeiictBueM cojeit Menu. CoueTaHue TepMUHATbHbIX
QJKUHOB C apwi- M BUHWITAJIOTEHUIAMU, KaTaJIU3UPyeMoe
Pd(0) (peaxius CoHoramupa).

TpoitHas cBSI3b B MAJIOM ITUKIIE.

Tema 18. Lluknoankarsl u YUKAOANKEHDL.

O6mas knaccudukauuss 1 HOMEHKIATypa LUKIOATKAHOB.
M3omepus 1 KoHOpMallMOHHBIE 0COOEHHOCTU. THITBI HATIPsI-
KEHUM B IMKJIMIECKUX MoJieKynax. CrieKTpaJbHbIe XapaKTepH-
CTUKU ITUKJIOATIKAHOB.

Luknonponanbsl. OCOOEHHOCTU 3JIEKTPOHHOM CTPYKTYPHI.
CrekTpaiabHble XapakTepucTuku. OOIIre MEeTOIbl CUHTe3a 111 -
kyonpornaHoB. [IpucoenrHeHre KapOEeHOB 1O KPaTHBIM CBSI3SIM.
PeakuiroHHast cmocoOHOCTh HUKJIOMPONaHoB. LIuKIonporneHsl.

Luknooyranbl. CrnekTpajbHble XapaKTepUCTUKU. MeTonbl
cuHTe3a uuKiIooyraHoB. Peakiuu [2+2] npucoeauHenus. Ile-
PerpymnIupoBKU CKeJleTa ¢ YIacTUEM TPeX- 1 YeThIPEXWICHHBIX
LIUKJIOB.

HuknoneHTansl U LUKIOreKcaHbl. CrieKTpajabHbIe XapaKTe-
PUCTUKU. METOIbl TMOCTPOCHUS MSATU- M IIECTUYWICHHBIX IIHM-
k710B. KoH(opMaIimoHHbIN aHAIU3 U IMHAMUYECKAsT CTePEOXH-
MU TUKIT0ATKaHOB. CBSI3b CTEPECOXMMMU U PEAKIIMOHHOM CTI0-
COOHOCTH.

Hwukirel cpemHero pasmepa. MeTombl MOJMyYeHUST IIMKIAHOB
C,—C,s. AuuiounHoBas KoHIeHcaius. BoccraHoBieHue 1O
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MaxkMyppu. OcobeHHOCTH KOH(OpMaIUii cCpeaHnX KapOoin-
Ki10B. TpaHCaHHYJISIpHBIC B3aUMOICUCTBUS M TPaHCAHHYIISIP-
HBIC PCaKIINH.

Tema 19. Apenvt u apomamuunocms

Homenknartypa, nzomepust U KjiacCuuKalys apeHOB: MO-
HO- W TIOJUSNEPHBIC COCOMHEHMS. DJICKTPOHHOE CTPOCHUE U
n-MO Oen3ona, HadTanmHa, aHnTpaleHa, deHaHTpeHa. Crek-
TpaJbHBIC XapaKTePUCTUKI apEHOB.

ApOMaTUYHOCTh, TpaBuio Xiokkess. HebGeH3oumHble apo-
MaTHYEeCKME CHUCTEMBl — ITMKJIONPONCHIIBHBINA KaTUOH, IIU-
KJIOTICHTAAWECHUIbHBIA aHMOH, KAaTWMOH TPONWIWS, TUaHWOH
IUKJIOOKTaTeTpacHa. ApoMaTHdecKue aHHY/IeHbBl. PDorereBcKue
aHHYJCHBI. A3ylleH. MarHUTHBIA KpUTepHil apOMaTHYHOCTH.
DHepruu CTadMIM3alUKA apOMaTUIECKUX COCOIUHCHMI. AHTH-
apOMAaTUYHOCTb.

MeTonbl TOJlyd4eHUST YTIEBOAOPOAOB OEH30JBHOTO psina
B JJabopaTopuu U MPOMBILIIJIEHHOCTU. Peakiiuu 6eH3oma, Hadb-
TaJuHa, aHTpalleHa U (heHaHTpeHa, COMPOBOXIAIOIIMECS Ha-
pYILIEHNEM apoMaTUYeCKOi CUCTeMbI: TUIPUPOBAHUE, XJIOPU-
poBaHUue, OKHCJEeHHUe, 030HOIM3, hoTom3oMmepusaius. Peax-
MM  IUKJIONpUCOeNMHEeHUss. BoccTaHOBJIeHHME apeHOB II0
bepuy.

DnekTpoduabHOE 3aMellleHWe B apoMaTHUYECKOM psay.
O0001IEHHBIT MEXaHU3M peakluu. 7- u o- Komriekcel. MeTo-
IIbl YCTaHOBJIEHUsI MeXxaHu3Ma. KuHeTuyeckue u30TOMmHbIe (-
ekl [IporoHupoBanue apeHoB 1 H/D-u3otomnHbiit 0OMeH B
HUX. ApEHOHUEBbIC MOHbBI 1 MX MeperpynnupoBKu. BiusiHue 3a-
MECTUTEJIEM Ha HaIpaBJIEHUE U CKOPOCTU PEAKILUM 3JIEKTPO-
¢unbHOro 3amMelieHus B 0eH301bHOM psiay. CoriiacoBaHHas U
HecorjacoBaHHas opueHTalus. HutpoBaHue, rajioreHupoBa-
HHUE, CylIbdupoBaHHE, ALWIMPOBAaHMEC U AJKUIMPOBAHHUE IO
Dpunento — Kpadrey.

7t- KoMIUIeKChI apeHOB ¢ TIePEXOMHBIMU METaJUIAMU.

BaustHre apoMaTH4ecKoil CHCTeMBbI Ha COCETHMIT KapOoKa-
THOHHBIN, paTUKaJbHBIN 1 aHMOHHBIN HEHTPHI. Peakiu ¢ yga-
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cTueM OOKOBBIX LIEIeil apeHOB: HUTPOBaHUE, TaTOUINPOBAHUE,
OKUCJICHWE, TeruaprpoBanue. JIu- 1 TpuapuiaIMeTaHbl, CHHTE3 1
cBoiicTBa. TpudeHnIMeTaHOBbIE KPACUTENH.

Moaynb 5. XuMus (hyHKIMOHAJIBHBIX TPOU3BOAHBIX

Tema 20. ArkuneanoeeHuobt, aAKeHUN2AN02eHUObL, APUNEAN02CHU-
Obl. Peaxuyuu nykaeouavnoeo 3ameuieHus eanoeenos 6 coeOuHeHu -
AX pasHulx Kaaccos. Peakuuu snumunuposanus

CriekTpaibHBIC XapaKTepUCTUKN aJKVJITAJIOTCHUIIOB, ajlKe-
HUJITaJOreHUI0B U apwirajoreHuaoB. O01e MeToabl Ioayde-
HUsI TAJIOTEHAJIKAHOB, -aJIKEHOB, -aJJKMHOB U -aPEHOB.

Peakiinm HyKII€oDMIBHOTO 3aMEIICHUS Tajonaa KakK METO-
JIbl CUHTE3a COeIUMHEHUI pa3IMYHbIX KJIacCOB (CIUPTOB, (heHO-
JIOB, 3(pUPOB, THUOJIOB, TMO3(GUPOB, HUTPOCOESAUHEHUN, aMU-
HOB, HUTPUJIOB, PONAHMIOB, aMMOHUWEBBIX U CYJIb(OHMEBEIX
coJiei, a TakxkKe APYruX GyHKIMOHAIBHBIX TPOU3BOAHBIX).

OCHOBHBIE XapaKTepUCTUKU Syl 1 Sy2 MeXxaHM3MOB peak-
nuii B amudatndaeckoM psany. KmHeTnka u cTepeoxuMusl peak-
it Sy2. BiusiHue cTpoeHMsT paauKaloB M YXOISIIUX TPYII B
cyocTtpaTax. BiusiHue HykieoduiaoB U Ipupoabl paCTBOPUTEJIS.

Peaxum Sy 1. KumHernka, crepeoxumust. O0pa3oBaHMe WH-
TepMEeINaToOB KapOOKAaTMOHHON Npuponbl. TecHbIe 1 pa3nelicH-
HbIE pacTBOpHUTEJIEM MOHHBIE Taphl. [leperpynmupoBKu ckemie-
Ta, COMPOBOXKIAIOIINE peakiuu Sy 1.

HykneodpunsHoe 3aMellleHre TajoreHa B apurajloreHuaax.
3aMelleHre aKTUBMPOBAHHOTO raJloreHa 1o MeXaHu3My IpHUcoe-
TUHCHUS-OTIIEIICHUSI. AHUOHHBIC O-KOMITICKCH Mel3eHxei-
Mepa, UX CTPOeHUE W (haKTOPHI, ONPEIC/ISIONINEe YCTOMINBOCTD.
3aMellleHue HEeaKTHBHUPOBAHHOTO TajoreHa B apoMaTUYeCKOM
sape. JleruapoOeH301, CTpoeHne 1 MeToabl (pukcaluu. Bausinue
CTPOCHMS TaJIonJapeHa 1 3aMeCTUTeJIe Ha HaIlpaBJIeHUE U CKO-
pocThb nporecca. Peakiiuu Syl B apoMaTUyecKoM psimy.

Peakiinm Kpocc-codyeTaHus apI- ¥ BUHAITAJIOTCeHUIOB, Ka-
TaJlM3UpyeMble COJISIMU U KoMILiekcamu nauiaaust (Xek, Cysy-
ku, Ctunne).
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lanorenonmeBsie conu. MeTonsl cuHTe3a, (haKTOphI, Orpe-
Jesstione yCTonuuBocTb. OCHOBHbBIE XUMUYECKUE PEAKIIUU.

Peakiu E; u E, anumuHupoBaHus B amuchaTUIECKOM psIIy.
[MpaBuna 3aiiuesa u ['odmana. CrepeoxumMust STMMUHUPOBAHUSI.
CUH- U aHTU-TMMUHUPOBAHUE B COENMHEHUSIX C OTKPBITOU
LIETIbIO ¥ JIUIUKJIaX. BiivsiHue npupoabl OCHOBAHUS M YXOSIIEH
rpynmnbl. Mcnosib30BaHKE B CUHTE3€ aTKEHOB, JUEHOB U AJIKMHOB.

Tema 21. Jlumuii- u macHuilopeanu4eckue coeOUHeHus

MeTombl CHHTE3a OpTaHMYECKMX MIPON3BOIHBIX JIMTUS U Mar-
Hus. CHeKTpajabHble XapaKTePUCTUKU JUTUI- U MarHUOpra-
HUUYeCKUX coenueHuii. Tumnbl cBs3eil MeTamui-yraepon. Ctpoe-
Hue peakTuBoB I'punbspa. PaBHoBecue lllnenka. Jlutuii- u
MarHuiopraHu4yeckue COeAUMHEHUS B CUHTE3€ YIJeBOIOPOAOB,
CITUPTOB, aJbICTUIOB, KETOHOB, KapOOHOBBIX KUCIOT. Peakiius
Pedopmarckoro. Jnaakuia- U AUapUIKyIIpaThl, UX CUHTETHYC-
CKO€ MCITOJIb30BaHUE.

Tema 22. Cnupmeol u gheronsl

CnexkrpaibHble XapaKTEPUCTUKU CIUPTOB U (heHosoB. Oc-
HOBHOCTb, HYKJ1€0(WIbHOCTb Y KUCJIOTHOCTb CIIUPTOB U (heHO-
JI0B. BiaustHue cTpykTypHBIX (hakTopoB. BomopomHast cBsI3b.

OO6ure MeToAbpl CUHTE3a CIUPTOB U (peHosoB. [IpoTOHHBIE
KMCJIOTBI M KMCJIOTHI JIblonca Kak akTUBUPYIOIIME pPearcHThI
Ipy HYKJIeO(PUILHOM 3aMeIeHNH THIPOKCUJIA U B PeaKIIMsIX
Jeruapartaluu B aaudatuyeckoM psiay. PeareHTsl pervo- u cte-
peocrenMuUeckoro 3aMeIleHus] THAPOKCUIA Ha TaJloreH
(komruiekchl TpudeHwibochrHa ¢ TaTOTEHAMU U YEThIPEXXJIO-
PUCTBIM YIJIEpOaOM). DbUPbl HEOPTaHUYECKUX KUCIIOT: alKWI-
cylb(daThl, HUTPATBl U HUTPUTHL. DPupbl HoCchHOPHBIX KUCIOT.
Posib MOHO-, 1~ ¥ TpudocdaToB B OMOXMMUYECKUX Mpolieccax.

HeruapupoBaHue U oKucJieHue crnuptoB. [InHaKoIrMHOBas U
PETPONMMHAKOIMHOBASI TIEPETPYIIIINPOBKU.

1,2-Iuonbl. MeTonbl CMHTE3a U XUMMWYECKME CBOIMCTBA.
DHaHTUOCEIEKTUBHOE TMIPOKCUINPOBaHNE alKeHOB. OKucu-
TeJIbHOE paCIIeTIeHNe AUOJIOB TeTpaalleTaTOM CBUHIIA W WOJ-
HOI KUCJIOTOM. DUpbl O0PHOI KHUCIOTHI.
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®eHosbl. OKUCIUTENbHBIE MpeBpalleHuss (GeHosIoB. XUHO-
Hbl M UX CBOMCTBA. APOKCWJIbHbIE paguKalibl. MHOroaTOMHbIE
(beHONBI: MUPOKATEXWH, PE30pPLUMH, TUIPOXUHOH, (hJIOPOTIIIO-
HuH. PoJib Mpou3BoaHBIX (PeHOIOB B OMOJIOTMYECKUX IPOLIEC-
cax. OcobeHHOCTU peakIuii 371eKTPO(PUILHOTO 3aMEIleHUSI B
apoMaTUYECKOM KoJiblie (heHOoIOB. [ajloreHupoBaHue, Cyabdu-
poBaHMe, HUTPOBaHME, HUTPO3UPOBAHUE, AJTKUIMPOBAHUE W
aumnupoBaHue. KapOokcwimpoBaHue (EHOJOB:  peakIus
Konb6e. @opmunnpoBanue deHonoB. [leperpynmuposka Opu-
ca. [Teperpynnuposka KsiizeHa.

Tema 23. TIpocmoie a¢hupot cnupmoé u genonos. Okcuparul

CrieKkTpajbHble XapaKTepUCTUKU TTPOCTHIX 3(UPOB.

OO6mIMe METOIbI TTOJIYYSHUS TUATKUIOBBIX, aJTKUJIBHHUIIO-
BBIX ¥ apUJIAJIKUIOBBIX 3(UPOB (M3 aJIKWJITAJIOTEHUIOB W apuil-
TaJIOTEHUIIOB, CITMPTOB, aTKOKCUMEPKYpOBaHUEM U T. 1.). CBOIi-
CTBa MPOCTHIX 3(PMPOB. YUacTre HeMoIeIeHHEIX TTap KMUcIopoaa
B KoMmImieKcoobOpazoBannu. Coiau okcoHmsl. Peaknuu paciie-
wreHus cBsieit C—O.

KpayH-3¢hupbl, UX CMHTE3 U MPUMEHEHNEe B OPTaHWYECKOM
xumnu. KanmkcapeHsl, oo1ee IpeacTaBIeHIe O MOJICKYISIPHBIX
KOHTEIHepax U UX MCITOIb30BaHNM I (PUKCAIIMN KOPOTKOXKH-
BYIIIX UHTEPMEINATOB.

T'omonutnueckne peakuuu 1Mo o-C— H-CBSI3sIM TIPOCTBIX
2(bMpPOB: TaJOTEHHUPOBAaHHE, OOpa30BaHUE THUAPOICPEKUCEHA.
HykneodunbHble aTaku 1o a-TojoxeHuto. [leperpynmupoBka
BuTtTura B psiay 2¢pupoB 0eH3UJIBHOTO U aJIJTUJILHOTO THUTIA.

Oxucpanbl. MeToapl TOJAyYeHUsI. DHAHTHOCEIECKTUBHOE
snokcuauponanue ojeduHoB no lapmneccy. Peakuuu ¢ snek-
TPODWIBLHBIMYA Y HYKJI€O(MWIBHBIMUA peareHTaMU C PACKPBITHEM
TPEXWICHHOTO LINKIIA.

Tema 24. Anvoeeuont u kemombl
CriekTpaibHble XapaKTepUCTUKHU aIbICTUI0B U KETOHOB.
OO01IMe METOIBI MOJYYECHUST aTbIECTMIOB U KETOHOB OKHUCJIE-
HUEM CITUPTOB, U3 MPOU3BOIHBIX KAPOOHOBBIX KMCJIOT, U3 ajIKe-
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HOB, aJKWMHOB, METAJUIOOPTAaHMYCCKUM CHHTE30M. Peakium
alWIMPOBAHUS U (POPMUTUPOBAHUS APEHOB.

[TpompblilieHHOE TToTyYeHUe hopMasbaeruaa, aleTalbIer-
na (Bakep-nipouecc), runpoopMuIpoBaHue aJIKEHOB KaK Me-
TOI TTOJTYYEHUS BBICIITNX aJTbICTUIOB.

CrpoeHne KapOOHWIHHOU TpynIbl. T10ISIpHOCTD U TTOJISIpH-
3yemocTb cBsizu C=—0. Peakuuu HyKJIeo(GUILHOTO MPUCOEIM-
HEHUST TI0 KapOOHWIBHOM TpyMie: MoJaydeHue OUCYIb(OUTHBIX
MPOU3BOIHBIX, IMAHTUIPUHOB, OKCUMOB, THIPA30HOB, OCHOBA-
auil udda, rem-guranoreHaakaHoB. [IprcoeanHeHNEe BOIHI,
MojJydyeHue aleTajeid u KeTajiel M uUX TUoaHanoros. Peakiius
IIpunca. IMonyyenue enamuHoB. Peakunu bexmana u llImunra
JUTS ITUKJIMYECKUX KETOHOB.

Peaxiinu anbieruioB U KETOHOB C JIUTUI- 1 MarHUMOPTaHU-
YeCKUMU COeTUHEHNSIMU. BoccTaHOBIeHIE KOMIUIEKCHBIMU TH-
npuaamu MetajioB. Peakuust Burrura. BoccraHoBieHue anbae-
TUIOB U KETOHOB IO CITUPTOB U YIJIEBOAOPOIOB: peakius Tu-
1IeHKO, BoccTaHoBNeHue 1o KimxkHepy — Bonb(dy, paBHOBecue
Meepseitna — [longopda — Bepies — Onmenayaspa. Boccra-
HoBieHue o Knemenceny. Boccranosnenue mo MakMyppu.
BoccranoButenbHoe amuHupoBaHue 1o Jleiikapty. OkuciaeHue
aJbaeruaoB U KeToHoB. Peakuus baiiepa — Bunurepa

KeTo-eHonbHast Tayromepusi. KucioTHO-OCHOBHOM KaTain3
B peakuusix o kapooHuabHoU rpynme u a-C— H-ceg3aMm. Pe-
aKIIMU €HOJbHBIX (DOpM: raJloreHUpoBaHUE, HUTPO3UPOBAHUE,
OKUCJieHUE. AJTbI0JbHO-KPOTOHOBAsI KOHAEHCALIUS aIbIETUI0B
M KETOHOB B KUCJIOM M IIEJOYHOM cpefie, MeXaHU3M PeaKIIvii.
JBolicTBeHHas peakIMOHHAsl CIIOCOOHOCTH EHOJSIT-aHUOHOB.
HampaBneHHast aabnobHast KOHISHCAIINST pa3HOMMEHHBIX ajlb-
NETUIOB C MCIIOJIb30BAaHUEM JINTUEBBIX CHOJSITOB, OOPHBIX U
KpeMHUEBBIX 2(pupoB eHosioB. KoHaeHcalus aibAeTMI0oB U Ke-
TOHOB C MAJIOHOBBIM 3(DMPOM UM APYTUMU COCIUHEHUSIMU C aK-
TUBHOW METUJIEHOBOW IPYIIION.

Peaxius [TepkrHa B apoMaTUICCKOM PSAIy. AMUHOMETIIIH -
poBaHue M0 MaHHUXY. AIIMIMPOBaHNE U AIKWJIMPOBAHUE €Ha-
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MuHOB. KOHIeHcamy ajbIeruIoB U KETOHOB C MaJIOHOBBIM
3(UPOM U POACTBEHHbIE peaKIIUU.

a,B-HempenenbHble aabaernabl 1 KETOHBL. MeTOmbI OJTyde-
HUSl B peaklusix KOHAeHcAalMu U okuciaeHus. Peakuuu 1,2- u
1,4-tiprcoeqnHEHNS (TaJIOTEHOBOIOPOIBI, CIIUPTHI, ONCYThMOUT
Hatpusi, HCN, MmeTajioopraHuyeckue COeIUHEHUsI, aMUHbI).
Yuactue B peakKMsIX TUEHOBOTO crHTe3a. CeJIeKTUBHOE BOCCTa-
HOBJICHUE U OKUCJIEHUE.

JukapOoHuUJIbHBIE coeauHeHusl. [mMokcanb, aMALIETUII.
B-AukapOOHWIbHbIE COENMHEHMSI, UX €HOJbHbIE (DOPMBI U Me-
TaJUTMIECKIE XeJIaThl €HOJIBHBIX (DOPM.

Tema 25. KapboHogvie Kucaomol u ux npou3eo0Hble

CrieKTpaJIbHbIE XapaKTEPUCTUKM KapOOHOBBIX KUCIOT U MX
TIPON3BOIHBIX.

Mertomabl CMHTe3a KapOOHOBBIX KUCJIOT: OKUCICHHUE TTIePBUY-
HBIX CITMPTOB W alIbACTHIOB, aJIKeHOB, aJIKMHOB, aJIKUJIOCH30-
JIOB; TUIPOJIN3 HUTPUJIOB U IPYTUX NMPOU3BOIHBIX KAPOOHOBBIX
KHCJIOT; CUHTE3 Ha OCHOBE METAJUIOOPTaHMIECKIX COCTMHEHUIA;
CHHTE3bl Ha OCHOBE MajJoHOBOro 3¢dupa. [loayyeHne MypaBbu-
HOM M YKCYCHOM KHCIIOT B IPOMBIIIJICHHOCTH.

CrpoeHne KapOOKCHJIBHON Tpyribl. PU3NKO-XUMUYECKUE
CBOICTBA KUCJIOT: acCOIMAIIMS, TUCCOIMALINS, BIUSHUE 3aMe-
cTuTesieil Ha KUCIOTHOCTh. ['anoreHupoBaHue Kucior 1o Ie-
mo — Dojerapay — 3enuHckoMy. [TnpoanTaeckass KeTOHU3a-
1y, saekTponu3 mo Koasbe, nekapooKcuanpoBaHue 1Mo XyHC-
IUKKEPY.

l'anorenanruapuabl. IlonyyeHue ¢ MOMOIIBIO TaJOreHUIOB
docdopa, THOHMIIXJIOpUAA, OKCANTUIIXTIOpUaa, (pocreHa, 6eH30-
wixjgopuaa. BzaumoneiictBue ¢ HyKJIeo(pUIbHBIMU peareHTaMu
(BOma, CITUPTHI, aMMHMaK, aMUHBI, TUAPA3WH, METaJUIOOPTaHTYC -
cKMe coequHeHus1). BoccraHoBieHne 10 anbaernuoB 1Mo Po3eH-
MYHOY W KOMITJICKCHBIMM THAPHIAMHU METalIoB. B3ammomeii-
CTBME IMAa30MeTaHa C TraJIOTeHAHTHIPUIAMM KapOOHOBBIX KHUC-
JIoT (peakiust ApHara — Dicrepara).

AHTUIpuabsl. MeTomsl TTOMyYeHUs: OeTUIpaTalus KUCIOT C
nomortisio P,O5 1 draneBoro aHrunpuaa, alluiMipoBaHue coiei
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KapOOHOBBIX KMCJIOT XJIOPAaHTUIPUAAMU. Peakiium aHTUIPUIOB
KHUCJTIOT.

Kerennl. [TosryyeHue u cBoiicTBa.

CnoxHble 3¢gupbl. MeToabl MNoOay4YeHUs: 3TepUdUKaALNS
KapOOHOBBIX KHCJIOT, allMUIMPOBAaHUE CIIMPTOB M UX aJIKOTOJISI-
TOB alMUITAJIOTCHUIAMU Y aHTUAPUIAMU, aJKUINPOBaHUE Kap-
OOKCUJIAT-MOHOB, PEAKIIMU KUCJIOT C TMa30METaHOM, aJTKOTOJTN3
HUTPWIOB. MeTOIbl CUHTE3a IIMKJIMYECKUX CIIOXKHBIX 3(UpPOB —
JIAKTOHOB.

Peakiium cioxxHBIX 3¢GUPOB: TUAPOIN3 (MEXaHU3M KHCIOT-
HOTO ¥ OCHOBHOTO KaTajn3a), aMMOHOJIN3, TIepeaTepehUKaIIys;
B3aMMOJICICTBUE C MarHWi- U JUTUMOPTaHUYECKUMU COeTNHE-
HUSIMM, BOCCTAHOBJICHUE 70 CIIUPTOB U aJIbIETUI0B KOMIUIEKC-
HBIMU TUIPUIAMU METAILIIOB.

CroxxHoahupHas ¥ alluJIOMHOBAsI KOHICHCAITNN.

AIIeTOYKCYCHBII 3(bUp U ero UCIToIb30BaHKe B cuHTe3e. Ke-
TO-EHOJIbHAsT TayTOMEPUST I(OUPOB U B-KETOKUCIIOT, aMOUIEHT-
HBII XapakTep eHOJISIT-UOHa.

AMMIBI. MeToabI MOJYyYeHMS: alluJIMpOBaHe aM1UaKa U aMU-
HOB, TTMPOJIN3 KapOOKCMIIATOB aMMOHMSI, TUAPOIN3 HUTPUIIOB,
n3oMepu3anusg OKCUMOB 110 bexkmany. CHHTE3 HUKIMIECKUX
aMHUIOB — JaKTaMOB. [MIpoJin3, BOCCTAHOBJIEHUE IO aMUHOB,
nerupatanys aMunoB. [ToHSITHE O CEeKCTETHBIX MeperpynnupoB-
kax. [Teperpynmnuposku F'odpmana u Kypunyca.

Hutpuiael. MeTonbl ToydeHUs: TerupaTalnsl aMUIOB KHC-
70T (c momotisio P,Os, SOCI,, POCl;), ankunupoBaHue amou-
IEHTHOTO IMaHWI-MOoHA. [ MApoan3, aMMOHOIM3, BOCCTAHOBIIE-
HIe KOMITJICKCHBIMY TUAPUIAMU METAJJTOB 10 aMUHOB, B3aIMO-
NeHCTBYE C IUTUI- U MAarHUMOPTaHMYECKUMHU COSTMHEHUSIMMU.

JBYyXOCHOBHbBIE KMCJIOTbl. MeTOIbl CUHTE3a: OKUCIUTEIbHOE
pacleruieHre IUKI00JIe(UHOB U IIMKINIECKUX KETOHOB, OKHC-
JIeHUe TTOTNaTKWIOeH3010B. [1laBeneBast KciioTa, TMATUIIOKC CA-
JIaT B CJIOKHOR(DUPHOI KOHACHCAIIUM.

MasoHoBast KUCJIOTa, CUHTE3bl ¢ MaJJIOHOBBIM 3(HUPOM, pe-
akius Muxasis, KonaeHcauuu ¢ anpaerugamu (KxeBeHarenb).
SHTapHasa KucaoTa, ee aHTUApUI, UMK, N-OpOMCYKITMHUMMII.
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AnunuHoBas kuciaota. KonaeHcanusa JAukMaHa. AuniouHoBast
KOHIeHcans 3(UpoOB TUKAPOOHOBEIX KMCIOT KaK METOH CHUH-
Te3a CPEeAHUX MaKPOILIUKIIOB.

DdraneBast u TepedTaneBass KUCIOThI. [IpOMBILITIEHHBIE Me-
TOIbI IoxydyeHust. DTajeBblil aHTUAPUI, OTATUMUL U €T0 HC-
TOJIb30BaHNE B CHHTE3E.

a,B-HenpenenbHble KUCIOTH. MeTOAbl CMHTe3a: Aerupara-
11T OKCKUCIIOT, peakuus KHeBeHarens, peakuus Butrtura, pe-
akums IlepkuHa, CMHTE3 KOPUYHBIX KUCIOT. Peakiuu npucoe-
IUHEHUS IO MBOMHOM cBsI3U. CTEpPeOXUMMST TTPUCOCTUHEHMS
rajJioreHa U TUAPOKCUINPOBAHUS TIEPKUCIOTaMU U TI0 Baruepy
(KMnQO,). ®ymapoBast 1 MaJieTHOBasI KUCJIOTHI.

Tema 26. Humpocoedunenus arugpamuueckoeo psaoa

Hutpoankansl. CrieKTpalbHble XapaKTePUCTUKN HUTPOAJ-
KaHOB. MeTonpl CHHTe3a U3 aJKMJITaJIOTeHUIOB.

CtpoeHre HUTPOTrpynIbl. KMCIOTHOCTD U TayTOMEpUs HU-
TpoajkaHOB. Peakiiuu HUTpOadKaHOB C a30TUCTOM KUCIOTOM.
KoHnnmeHcaumst ¢ KapOOHWIBHBIMUA COeAMHEHUSIMU. BoccTaHOB-
JIEHUE B aMUHBI.

Tema 27. HumpocoeduHnerus apomamu4eckozo paoa

Apomatnyeckue HuUTpocoenuHeHus. CIeKTpajbHbIe Xa-
pPaKTEepUCTUKU HUTpoapeHOoB. [ToydeHre B peakKIluu HUTPOBa-
Hus. BoccTtaHoBieHUE HUTPOAPEHOB B KUCJIOW W IIEJTOYHOMN
cpenax. ITpomMexXyTouHbIe MPOAYKTHI BOCCTAHOBJICHUSI HUTPO-
TPyMNIbl (HUTPO30COEAMHEHUSI, apUITUIPOKCUTAMUHBI, a30K-
CU-, a30- W TUAPA30CcoeNuHeHUs). beH3uauHoBas meperpyr-
nupoBKa. BoccTtaHOBeHNE ONHOW HUTPOTPYMIIBI B MOJUHU-
TpoapeHax.

Tema 28. Anughamuueckue amuHol

CriekTpajibHBIE XapaKTepUCTHKM aMUHOB. Kiaccudukanmst
aMuHOB. OO0IIKe METOIbI MOJTyYeHUsI. AIKUIMpoBaHue 1o ['oh-
MaHy, BOCCTaHOBJICHUE a30TCOASPXKAIIINX IIPOU3BOIHBIX KapOo-
HUJIBHBIX COCAMHEHUI 1 KapOOHOBBIX KHUCIIOT, HUTPOCOEOUHE -
Huit u a3uaoB. CuHres ['abpuais. [Meperpynnuposku ['opmaHa
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n Kypuwnyca. BoccranoButenbHOE aMMHUPOBAaHUE KAapOOHWITb-
HBIX coequHeHnii. Peakiimga ManHuxa.

OcHoBHOCTh amMbaTUIECKNX WU apOMATUIECKUX aMUHOB U
(bakropsl, ee onpenensioniue. OCHOBHOCTH B ra30Boil (asze U B
pactBopax. Posb conbBaraiuu. [IpoToHHBIE TYOKM. AMUHBI KaK
HYKJIEO(WIbI, OTHO- U IBYX3JIEKTPOHHBIE TOHOPHI.

AUWipoBaHUe U aJKUJIMPOBAHUE aMUHOB. 3allUTa aMUHO-
rpynmbl. MeToabl pa3neeHus U UAeHTU(hUKAIUU TTEPBUYHBIX,
BTOPUYHBIX U TPETUYHBIX AMUHOB.

PaznoxeHue 4eTBEPTUUHBIX aMMOHUEBBIX OCHOBAaHWUI IO
Todbmany. YeTBepTUUHbIE aMMOHUEBBIE COJM KaK KaTaau3aTo-
PbI Mexba3zHOTro MepeHoca.

ITeperpynnupoBku CtuBeHca U CoMMJjie B YETBEPTUUHBIX
AMMOHMEBBIX COJISIX MOJ IEHCTBUEM CUIJIBHBIX HYKJIEO(UIIOB.

Tema 29. Apomamuueckue amuHuvl

OCOOEHHOCTH PeaKIIMOHHOM CITOCOOHOCTH aMHHOB apoMa-
TUYECKOTO psaa. BiausHue 3aMmecTuTeseil B apoMaTMYeCKOM
sIApe Ha KKUCJIOTHBIE U OCHOBHBIE CBOICTBA apujiaMuHOB. Oco-
OEHHOCTM peakluil 3JIeKTpOo(UILHOrO 3aMellleHusT (HUTpoBa-
HUe, cylb(pupoBaHue, raJoreHUpoBaHe, HUTPO3UPOBAHHUE).

Jua3oTupoBaHUe MEPBUYHBIX apuaaMUMHOB. KuCIOTHO-OC-
HOBHBIE MpeBpalleHus] cojieil apuiara3oHus. Peakiuu nuaso-
COEIMHEHUI C BbIIEIEHUEM a30Ta; 3aMeHa 11a30TrPyMIibl Ha BO-
JIOPOJI, TaJIOTeHbI, TUAPOKCUJI, LIMAHO-TPYMIy. ApWIaMa30Hue-
Bble COJM KakK TIPEAIIeCTBEHHUKU METaJIOOpraHUYeCKMUX
coenuHeHuit (A.H. HecmesaHOB) M peareHTbl paauKaabHOTO
apUIMpOBaHUs apeHOB U HEIpeAesIbHbIX COSAMHEHUM. Diek-
TPODWIBHBIN XapaKTep apWIAMa30HUEBBIX COJCH B peakIIusIX
0e3 BbIIEJeHUS a30Ta: Mepexon K apwiruapa3suHaM, a30coueTa-
Hue. TpuaseHsl, UX TayTOMEepHs, IIPpeBpallleHue B COIU TUA30-
HUS. YCIOBUSI a30COYETAaHUs, a30- M JAMA30COCTABIISIOIINE.
AB30KpacuTeNu, 3aBUCUMOCTh UX cTpoeHust oT pH cpenwl. Unan-
KaTOPBHI.

HnazoankaHpl. MeTonpl CMHTE3a, CTPOCHUE M XUMHUICCKHUE
CBOICTBA TMAa30METaHa.
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Moayib 6. ApoMaTHYECKHE TeTepOIUKIbI

Tema 30. [lamuusennsie apomamuueckue eemepoyuK.abl

IIpupona apoMaTUYHOCTH MSATUUIEHHBIX T€TePOLIMKIIOB.
CriekTpaibHBIe XapaKTepucTuKu. OOIIUe CcTpaTeTnH IOCTPOe-
HUS TIATUWICHHBIX TeTePOLMKIIOB (CMHTE3 M3 TNKApOOHIHHBIX
COENUHEHU, Q-TaIouIKapOOHUIBbHBIX COeAMHEHUH, 1,3-aurmo-
JngpHoe TipucoeanHeHne). Cunrte3 ¢ypaHa, TuodeHa, muppoa.
IMupazon u umupaszon. ['ucruauH.

Peakumy rvapupoBaHus W OKUCJICHUS TeTepOILINKITOB. Jdue-
HOBBII CHHTE3 C yJyacTHMEeM TeTepolUKIoB. Peakiiuu anekTpo-
(upHOTO 3aMeIIeHUST B PSOy TMATUWICHHBIX TETEPOIMKIIOB.
HurpoBanue, cynbhupoBaHKe, TaTOMAUPOBAHUE, allUINPOBa-
Hue, hopMuaMpoBaHre. MeTaainyeckKue Mpor3BOAHbIE MUPPO-
JIa ¥ UX peaKIInu.

Tema 31. Unooa u unoueo

Cunre3 uHnoma o @uirepy. XuMuueckre CBOMCTBa. DJeK-
TpodWIbHOE 3aMelleHre. PeakKIny MeTauTM4eCKUX TTPON3BOJI-
HBIX UHAoJa. OKCompou3BOIHbIe MHAOA. JIakTaM-JIaKTUMHAas
TayroMepusi. UHANTO M MHIUTOMIHBIC KPACUTEIIH.

IMopdupnH, morydeHUEe, CBOMCTBA M CIIEKTPaJIbHBIC XapaK-
TEpUCTUKU. MeTainyeckue KOMILIeKChl mopdupuHoB. [1pu-
ponHbIe TOphUpUHBI — XIopoduiut u rem. OOIIMe TIpencTaBie-
HUS 00 MX poJu B XWBOU Tipuponae. DrarourmaHHEL: CUHTE3 U
CBOWCTBA.

Tema 32. Illecmuunennbie eemepoyuK.ivl

OO0111e CUHTETUYECKUE CTPATEeTK MIOCTPOSHUSI IIECTUYUJICH -
HBIX TETePOLIMKIIOB.

IMupunnH. CrekTpalbHBIE XapaKTepUCTUKNA. DIIEKTPOHHOE
crpoeHne. CUHTE3 MPOM3BOIHBIX NMUpUIMHA. Peakuuu c¢ an-
KWIraJJOreHUIaMu, KOMILIEKChI C GPOMOM U CEPHBIM aHTUAPHU-
JIOM.

DnekTpoduibHOe 3aMelleHUe B MTMPUANHOBOM KOJIblie (HU-
TpoBaHuUe, cyiabpupoBaHue, ramorenuponanue). N-Okcung
NUpUOMHA U €T0 WCITONb30BaHME B OPraHMYECKOM CHHTE3e.
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Peakiiun mupunnHa ¢ HyKieodpuiaamu (peaknus YnmunbdbaduHa,
peakius C eAKUM KaJlk, peaklus C TUTUHOPraHUYEeCKUMHU COe-
JTUHEHUSIMU ).

Tayromepusi a- M Yy-OKCU- U O- M Y-aMMHOIIMPUINHOB.
C — H-xucioTHOCTh MUKOJIMHOB U MUPUANHUEBBIX cojieil. Pe-
aKINY MMPUAVHA U TUPUINHUEBBIX COJIEI ¢ paCKPBITUEM ITHK-
Ja. Penuknusanus npou3BoaHbIx upuanHa mo Kocty — Caru-
TYJUIUHY.

[lecTruneHHbIE TETEPOLIMKIIBLI ¢ aTOMOM KHcaopoaa. o-I1u-
POH U €Tr0 KCIIOJb30BaHUE B NTMEHOBOM cUHTe3e. Y-IIupoHbl 1
METOIbI MX CUHTe3a. [IuprreBsie Cou, X CTPOCHUE U CBOM-
CcTBa. 3aMeHa KUCJIopoaa MUPUJUTMEBBIX CoJiell Ha a30T U IpyIi-
ny CH.

Tema 33. Xunoaun u uzoxunoaun

CrieKTpaslbHBIE XapaKTepUCTUKN. MeTOIbl CUHTE3a XMHOJIM -
Ha 1 u3oxuHoaMHa. OKuciaeHne U BocctaHoBineHne. Hurposa-
Hue, cyiabbupoBanne. HykireopuabHbIe peakKIMA XWHOJMHA.
KongeHcauuu ¢ y4acTUEM Q-METUJIbHOM IPYIIIbl B XMHOJIMHO-
BOM DSIyY.

Moayab 7. HauaavHbie ceéedenus o Ouoao02u4ecKu 6aicHbIX
OpeaHUYeCcKuX coeOUHeHUAX

Tema 34. Yenresodwt

Ponb yrieBomoB B mpupone, MX KiacCMUKALMS U HO-
MeHKJIaTypa. MoHocaxapuabl, TPUHIWIL JTOKa3aTeJIbCTBa
crpoeHus. IlupaHo3sl u ¢ypaHo3sl. KoHpopMauuu nupaHos.
Dopmynel Ouniepa u Xeyopra. [TMKO3UIHBIN TMAPOKCHII, €r0
crienuduueckre cBoiicTBa. CIIeKTpalibHBIC XapaKTEPUCTUKH
MOHOCaXapuIoB.

CeleKTUBHBIC peaKIIMy MOHOCAXapUIOB: MePeXo K albIo-
HOBBIM M CaXapHBIM KHUCIIOTaM, K MHOTOATOMHBIM CITHP-
TaM, TpUMEPbl M3MEHEHMUsT KOHGMUIypaluuud HEKOTOPBIX XU-
pPaJbHBIX LIEHTPOB MOHO3, 00pa30BaHUE TUAPA30HOB U 03a30-
HoB, pacuerieHue C—C cBga3eit mo Pyddy, mo Bomo, ¢
MOMOIIbIO MOAHON KUCHOTHI. YIJUHEHUE YIJIEPOAHBIX Lerneii
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G

yriieBogoB: Mmetoabl Kunnanm — @uinepa, KouetkoBa — JIMu-
TpreBa. MOHO3BI KaK XHMpaJIbHBbIE CUHTOHBI IIPU TOJIYICHUU
Pa3IMYHBIX OMOJIOTHYECKN aKTUBHBIX COCIMHEHMI (aHTUOMO-
TUKH).

Hucaxapuabl, ux ocHOBHbIe TUMbI. Caxapo3a, J1aKTo3a, MaJlb-
TO3a, WX OTHOIIIEHUE K OKUCIUTENSIM, KUCIOTHOE U (hepMeHTa-
TUBHOE pacllleTIeHUeE.

TTonucaxapuael. Kpaxmarn, 1eitono3a, NIMKOTEH, UX POJib B
MpUPOJE U TMPAKTUYECKOE HCMOJIb30BaHUE (IMUIIEBOE CHIPBE,
MCKYCCTBEHHbBIE BOJIOKHA, B3pbIBYATHIE BELIECTBA U T. 1.). XU-
TUH U XUTO3aH.

Tema 35. Amunoxuciomot, nenmuovl u 6esKu

a-, B-, y- 1 O-AMIHOKUCTOTEL. CTpoeHNEe M OCHOBHBIC M-
Tombl cuHTe3a. CBOMCTBA aMWHOKMCIIOT: KUCIIOTHBIC M OCHOB-
HBIC; M303JICKTpUYeCKasl TOUKA; aIKIJIMPOBaHNE U alllJINPOBa-
HUe aMUHOTPYIIEI, 3TepudnKkanusg. O0pa3zoBaHNe OCHOBaHMI
Muddpa. Huknnyeckne aMmuabl — JakKTaMbl U IUKETOIMUIIEpa-
3uHBIL. Peakuum ¢ azotucroil KuciaoToil. CrieKTpaabHbIe XapaK-
TEPUCTUKN aMUHOKHCIIOT.

[MpupomHble 3aMeHUMBIC W HEe3aMEHHUMBIE O-aMUHOKMCIIO-
Thl. CTepeoxuMust a-aMUHOKUCIOT. Peakiiuu a-aMUHOKUCIIOT €
2,4-TUHUTPOXTIOPOEH30I0M, (PEHWIM30TUOLIMAHATOM, KCAaHTO-
MIPOTEWHOBasE U OMypeToBast peakun. KauecTBeHHas LIBeTHAs
peakuusi ¢ HUHTUIPWUHOM. bHojormdyecku BaKHBIE peaKLMU
0-aMUHOKMUCJIOT C y4yacTueM nupuaokcaibdocdara. OO1me
MpeacTaBieHUsT 0 OMOCUHTE3e aMUHOKUCIOT. OKUCIUTEIbHOE
Je3aMUHHUPOBaHNE aMUHOKKCIIOT.

Ilentunnas cBs3b. [lepBuyHas CTpyKTypa MeNTUAOB U Oe-
KOB. XMMHMYECKME METOAbl YCTAHOBJICHUS aMUHOKUCIOTHOIO
cocTaBa M moclieaoBateibHOCTU. MDepMeHTaTUBHBIIA THAPOIN3
0enkoB. BropuuHas cTpyKTypa OEJIKOB: O-CIIUpallb, [3-CTPYKTY-
pa. GubpWLISIpHBIE U MIOOYJIsIpHbIe Oeaku. TpeTuyHas U 4eT-
BepTUYHASI CTPYKTypa O0enKoB. AucynbhunHbe MOCTUKUA U TH-
npocdobHbIe B3auMoaeiicTBsI. OCHOBHBIC MIPUHITUITB (DYHKIIM-
OHMPOBaHUS (PEPMEHTOB.
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Tema 36. Jlunudv:

OMbuIsieMble JUNUOBI UM MX Kiaccupukanus. IlpocTbie
OMbLUISIEMbIe JIMIUABI — 3KUPbI, Macia U Bocka. CIIOXHBIE
OMBUIsIEMbIE JTUNTUABI — (hochoaunuabl, COUHTONUITUIBI, T~
komunuabl. OCHOBHBIE XHUPHbIE KUCIOTHI, CTPYKTYPHBIE KOM-
TOHEHTHI OMBLISIEMbIX JUMUA0B. CBOWCTBA OMbBLISIEMBbIX JIUIH-
noB. O61IMe peAcTaBlIeHUs 00 X OMOJOTrMYeCKUX (DYHKIIUSIX.

BuocuHTe3 XUPHBIX KMCIOT B OpraHU3Me M OMOJIOTHIECKOe
OKUCJIEHUE XKUPHBIX KUCIOT. [lepekncHoe OKMCIIeHUE JTUTTHIOB.

ApaxuoHOBast KUCJIOTa, TPOCTarJlaHANHBI, JISUKOTPUEHBI.

Tema 37. Tepnenwvt u cmepoudst

Knaccudukauus TeprneHoB. ALUKIAYECKUE TeprieHbl —
MUPIIEH, TepaHNOJI, IIUTPajb, CKBaJieH. OCHOBHEIC MOHO- 1 OM-
OUKINYECKUE TEPIICHBI: CTepEOXUMUS TepIIeHOB. MeEHTON U
kaMmdopa. KapoTruHoubI.

BuocuHTe3 TeprieHOB 1 XojlecTeprHa. MeBaJToHOBas KMCIIO-
Ta, u3oneHTUwInupodocdar u guMeTUIAIUIAIMpodocdar Kak
MIPEIICCTBEHHUKY TePIICHOB 1 TePIICHOUIOB.

Crepounnl. Ctpoenue, ctepeoxumust. Kimaccudukanus cre-
pouIOB. AHIPOTEHBI U 3CTPOTEHBI.

Jlumepamypa
OcHoBHas:

1. Bekkep X., Jomaiike I'., @anrxenens D. Opranukym. T. 1, 2. M.:
Mup, 1992.

2. beno6oponos B.JI., 3ypabsu C.3., Jlysun A.Il., TrokaBkuHa H.A.
Opranunyeckas xumus. KH. 1: OcHoBHOIT Kypc. M.: [Ipoda, 2002;
KH. 2: CneuuanbHblii Kype. Ipoda, 2009.

3. JIu JIx.JIx. UMeHHbIe peakunu. MexaHU3Mbl OpraHUYeCKMX peak-
umit. M.: bunowm, 2006.

4. PeyroB O.A., Kypu AJl., byrun K.I1. Opranuyeckasi XuMMSI.
T. 1—4. M.: Mup, 1999—2002.

5. PoGeprtc Ix., Kaccepuo M. OcHoBbl opranudeckoii xumuu. T. 1, 2.
M.: Mup, 1978.

6. Cumbsepcreitn P., Beocrep @., Kumna JI. CriektpoMeTpuyecKas
UIeHTU(UKALIMS OpTaHUYECKUX coeuHeHuid. M.: bunowm, 2011.



@ IIpeducnosue

7. Tepenun B.W., JluBanos M.B., JluBanuosa JI.B., Marseesa E./I.,
WBuenko I1.B., Hudaurbe M.D. TlpakTukym 1o opraHuyecKoi
xumuu. M., bunom, 2010.

8. Tepnueit A. CoBpeMeHHas1 opranmdeckast xumus. T. 1, 2. M.: Mup,
1981.

9. YcrbiHIOK F0.A. JIeK1IMu 1o CIIeKTPOCKOIUU SIIEPHOIO MAaTHUTHOTO
pesonanca. Yacte 1 (BBomHblii Kypc). M.: Texnocdepa, 2016.

10. JIebeneB A.T. Macc-crieKTpOMeTpUs B OpraHU4YecKoi XuMuu. M.:
TexHocdepa, 2015.

JlonosHuTenbHas:
1. Unuan 3., Baitnen C., loitn M. OCHOBBI OpraHUYeCcKOi CTepeoxu-
mun. M.: bunom, 2009.
. Jlacno Il. Jloruka opranunyeckoro cunresa. T. 1, 2. M.: Mup 1998.
. Mapu JIxx. Opranuueckas xumust. T. 1—4. M.: Mup, 1987—1988.
. [lotanos B.M. Ctepeoxumusi. M.: Xumus, 1978.
. [Ipeu B., bronmeman @., Abdonerep K. OnpeneneHue ctpoeHus op-
raHW4YecKux coeaqnHeHmii. M.: bunowm, 2006.
6. Caiikc I1. MexaHu3Mbl peaklii B opranndeckoi xumun. M.: Xu-
must, 1991.
7. Cmut B.A., Auibman A.JI. OCHOBBI COBPEMEHHOTO OPraHUYECKOro
cuHTe3a. M.: bunowm, 2009.
8. Clayden J., Greeves N., Warren S., Wothers P. Organic Chemistry.
Oxford Univ. Press, 2001.

WA W N

Ilpunoxcenue 2

AHKeTa cTyAeHTa PUNKO-XMMUYECKOW
rpynnbl (2014/15 y4ebHbiit roa)

daMuinst, UMst, OTYECTBO

Topon

DIIEeKTPOHHBIN aapec

KomrnbloTepHasi rpaMOTHOCTB*

O067acTh HAYYHBIX UHTEPECOB

Kadenpa (1abopatopusi),
HayyHas rpyIina, pyKOBOANUTEb
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AHITIMIACKUI SI3BIK,
CTEereHb BIaIeHUsT**

[pyrue si3bIKu,
CTeTeHb BIageHUsT**

YBieueHus

* | — aKTUBHBIN MTOJIB30BATEIb, 2 — YMEIO IPOrPAMMUPOBATb.
** | — pa3roBOPHBIN, 2 — YUTAIO U TIEPEBOXKY.

Ipunoxcenue 3

BxopHolt TecT ans cTyaeHTOB

(PU3MKO-XMMUYECKOW FPYynMbl
(2014/15 y4ebHbiit ropn)

1.

Kiapk — KOHCTaHTa paclipoOCTPaHEHHOCTH 3JIEMEHTA B 3eM-
Hoil Kope. [lepeuuciuTte TATH CaMbIX PacCIpPOCTpaHEH-
HBIX Ha 3eMJie 2JIEMEHTOB B MOPsIIKe YObIBAHUS UX KJIAPKOB.
HazoBute camblii pacipocTpaHeHHbBI 3J1eMeHT Bo BceseH-
HOM.

Hamra nanera o cBoeit (hopme 01m3Ka K 3JUTATICOUTY Bpa-
meHusi. Kakoit u3 AByX 3eMHBIX painycoB (3KBaTOPUAIbHbBIN
WJIN TOJISIpHBIN) Oonbine? KakoBa MpUMEpHO BeJIMYMHA 3K-
BaTOpPUAJILHOTO paauyca 3emau?

3aBUCUMOCTh BEJIUYMHBI JIEKTPOHHOW TIJIOTHOCTU OT pac-
CTOSTHMSI [0 siipa JJIsi aTOMHBIX OpOUTAel ¥ BOIOPOAOIIO-
IOOHOro atoMa 3amaercs BhipaxeHueM 4qry2. Hapucyiite
BuU 2THX 3aBUcuMocTeit 1t AO 2s, 3s, 2p, 3p u 3d. Ykaxute
TIPUMEPHO PACCTOSHUS B A I HM, COOTBETCTBYIOIIME MaK-
CUMyMaM 3JIEKTPOHHOM TIJIOTHOCTH Ha 3TUX rpadukax.
IMocrpoiite nuarpammel 3Heprun MO 1151 ABYXaTOMHBIX MO-
nekyn O,, CO, B, u N, u3 coorBerctBytomux AO. Ykaxure
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YUCIIO 3aHSITHIX, CBSI3BIBAIOIIMX W paspbixisiommx MO, a
TaKKe TOPSITIOK CBSA3U B KAXIOW M3 MOJIEKYJ. YKaXuTe, Ka-
K€ U3 3TUX MOJIEKYJ TTapaMarHUTHBI.

5. CKOJIBKO CTPYKTYPHBIX MU30MEPOB, HE COMEPKAINX KPATHBIX
cBsa3eit, umeeT coenunenue CsH,y?

6. Kakue 13 nMpuBeIeHHBIX HUXKE COeTMHEHUI XupanbHbI? Jls
XMPATbHBIX MOJIEKYJT YKaXKUTE YMCIIO ONITUIECKUX U30MEPOB,
YUCJIO U TUI XUPATIbHBIX 2JIEMEHTOB.

CH,CHBrCHCICH;; C,H,CH=CH—CH=CH,;
HOOCCH(OH)CH(OH)COOH
(CH,),CHCOCH;; CH,CH,CH(NH,)COOCH;;
CH,CH=C=CHCHj;
C,H,(C;H,)NCH,CHs; C4H;P(CH,)CH,CH;

7. PacrionoxuTte B psn 1o yosiBaHuio pK, B BOMHOM pacTBope
ClIeayIOLIe COSIMHEHMSI.

C¢H;OH, CF,COOH, CF;SO;H, C;H;NH,, NH;,
CH,OH, CH(NO,),, HCI

8. KakoBbl pa3aMepHOCTH KOHCTAaHT CKOPOCTH peaKIInii TIepBO-
ro ¥ BTOpPOTO nopsiaka?

9. Kakue 13 TIpuBeACHHBIX HMXKE aTOMHBIX sep MMEIOT Mar-
HUTHbIE MOMEHTBI U KBaJPYTOJIbHbBIE MOMEHTHI?

lZC, 13C, ZSSi, IOB’ ZH, 14N, 15N’ 37C1, 31P’ 180, 325'

10. ITIpuBenuTe pa3sMEepHOCTH CIEAYIOINX (YyHIAMEHTAJIBHBIX
TIOCTOSTHHBIX.

IMTocrosinHas Ilnanka, mocrostHHast BojbliMaHa, MOCTOSIH-
Has Xab0s1a, yHUBepcabHasl ra30Bast IOCTOSTHHAS

ITpuBenuTte npruMepbl ypaBHEHUM, B KOTOPBIX UCITOIb3YIOTCS
3TU TIOCTOSIHHBIE.

11.YeM oTnnyaeTcss TapMOHMYECKUI MaxXop OT MeJoauue-
ckoro?

12. KoMy mpuHaaiexaT 3TU CTPOKU?
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Bnaneit coboit cpenu ToNbl CMATEHHOM,
Tebs KISIHYLIEH 3a CMSITEHBE BCEX.

Bepb cam B cebs1 HarepeKop BCEJIEHHOM,
A MaJIOBEpPHBIM OTITyCTH UX IpeX.

Ilyctb yac He TpoOuUI, XU, He ycTaBasl,
ITycTb AryT JIKE1bl, HE CHUCXOAU 0 HUX.
YMeii mpoluaTh U He KaXXuCh, Ipouiasi,
BenukonyiHeit u Myapeit apyrux.

HarmnosiHu cMBICIOM KaxX10€ MTHOBEHbE
MUHYT 1 [HE HEeYJTOBUMBIIA Oer —

Torna Becbh MMp ThI IPUMEIIb BO BJIaJICHBE,
Torna, moii cbiH, Thl Oyneib Yeaosek!

13. TlepeBenuTte Ha PYCCKUIA SI3BIK.

Kennst du das Land, wo die Zitronen bliihn,
Im dunkeln Laub die Goldorangen gliihn,
Ein sanfter Wind vom blauen Himmel weht,
Die Myrte still und hoch der Lorbeer steht?
Kennst du es wohl? Dahin!

Dahin mocht’ ich mit dir,

O mein Geliebter, ziehn.

Je te I’ai dit pour les nuages

Je te I’ai dit pour ’arbre de la mer

Pour chaque vague pour les oiseaux dans les feuilles
Pour les cailloux du bruit

Pour les mains familieres

Pour I’oeil qui devient visage ou paysage

Et le sommeil lui rend le ciel de sa couleur
Pour toute la nuit bue

Pour la grille des routes

Pour la fenétre ouverte pour un front découvert
Je te I’ai dit pour tes pensées pour tes paroles
Toute caresse toute confiance se survivent.

If you can keep your head when all about you
Are losing theirs and blaming it on you,
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If you can trust yourself when all doubt you,

But make allowance for their doubting too;

If you can wait and not be tired by waiting,

Or being lied about, dont deal in lies,

Or being hated, don’t give way to haiting,

And yet don’t look too good, nor talk too wise.....

14. 3anoranTe TAOMMIly, TTOHOOpaB MMEHA W3 IIPUBEICHHOTO
HITKE CITHCKA.

IToaThI Xy/10KHUKH Komno3sutopst

Munuit bamakupeB, Anekcannp binok, Bamentnn Cepos,
Kion Mowne, ®pancya Buiton, Anekcannp boponus, Pomn-
oH Illenpun, bopuc Kycronues, Dayapn Mane, MoranH
Boabgraur I'ere, McukaBa Taky6oky, JIxysernne Bepau,
Puxapn Barnep, 2Kak Ilpesep, @pancucko I'oiist, [Iuero Be-
nackec, Ilabno Ilukacco, Hukonait I'ymuneB, AHTOH Py-
ouniTeitH, Mukaemoc Yiopnenuc, 3unanga CepebpsiKoBa,
Bacunuit Kannunckuii, IToap Dawap, ['asraHo JloHuLeTTH,
Horann CebactesaH bax, Darap I1o, Podepr ®poct, Kasn-
mup MaieBny, PemOpanar XapMmenc BaH Peitn, ®@penepuk
Iomnen, Topy Takemuiry, Huxkomnait 3a6ononkuii, Koncran-
™H KoposuH, Padasne Cantu, Bmagumup Koctpos, Cep-
reii IMpokodpnes, Amutpuii Illocrakosnu, Canapo borTu-
yeun, ITaomo Beponese, Mopuc Pasens, Pepenn Jlucr,
I'eapux I'eitne, Koncrantua bamemonT, Dasapn ['pur, de-
nepuko lapcua Jlopka, Urops I'pabaps, Dnyapmac Mexe-
JIAWTUC
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MPEOMET OPFTAHMYECKOW
XM, OCHOBHBbIE STATIbI
EE PASBUTNA. OCOBEHHOCTH
MOHATUMNHOIO ANMMAPATA
OPIFAHMYECKOUM XM

CopepixaHue nekuum
I.1. TpeaMeT opraHnyeckoi XumMum.
1.2. Yrnepog u opraHuyeckue BellecTsa B MpUpoze.
|.3. OcHOBHblE UCTOpUYECKUE MEPUObI PA3BUTIA OPraHNYECKON XUMUM.
1.3.1. AHanutuyeckuit nepuog.
1.3.2. lMeprop cTaHOBNEHUA U PasBUTUA KNACCUHECKON CTPYKTYPHO TEOpUM.
1.3.3. TMepuop Ppusnyeckoin opraHU4ecKomn XuMmm.
1.3.4. CoBpeMeHHbiit nepuog, (c cepeantbl 80-bix roaoe XX Beka). Cynpamone-
KynsipHas XUMMA.
1.3.5. 3akntounTtenbHble 3aMeyaHm.
1.4. OcobeHHOCTM NOHATUIMHOIO annapaTa OpraHU4eCcKOW XUMUK.

|.1. MNpeamMeT opraHnyeckol xummm

O0beKTaMU U3YYEeHUS] XUMUYECKON HAyKU SIBISIIOTCS XUMUYE-
CKU€ cCoeMHEeHUs U ux B3aumomnpeBpaieHus. Ha koner 2010 r.
ObLIO OnucaHo MPUOAU3UTENBLHO 20 MIH UHAWBUIYATbHBIX XU-
MMYECKHUX BEIIECTB, U3 KOTOPBIX 0K0JI0 80 % COCTaBISIOT coe-
IUHEHUS yriiepoaa ¢ TakKuMu aneMeHTamu, kKak H, O, N, S, P,
raJloreHbl. YHUKaIbHas CITOCOOHOCTh aTOMOB yIJIepoaa 00pa3o-
BBIBaTb MPOYHBIE MPOCThIE U KPATHBIE CBSI3U HE TOJIBKO C Mepe-
YUCJIEHHBIMU BBILIE J4eMeHMAMU-0P2AHO2EHAMU, HO U NIPYT C
JIPYTOM, cO3/1aBas P 3TOM JJIMHHbIC JIMHEHbIE U pa3BEeTBIICH-
HbIC IIEMM, IUKJIBI PasHOrO pa3Mepa M CIOXHBbIE KapKacHBbIC
CTPYKTYpPBI, 00CCITeYBacT BO3MOXKHOCTD CYIIIECTBOBaHUS Oec-
YHCJIEHHOTO MHOKECTBA YIJIEPOICOACPXKAIINX coeqnHeHmit. Ta-



Jlekyus 1. Ilpedmem opeanuueckoil xumuu,
OCHOBHble IMansl Pa3eUmus

Mepap LLapne ®dpepepuk
(21.VIIL.1816—19.VIII.1856)

Pogunca B Crpacbypre, yuunca B Bbiciuen
TexHu4eckon Lkone B Kapncpys, 3atem B
INeiinuure,  McceHckoM  yHuBepcuteTe  y
lO. JTnbuxa (1836—1837 rr.) u Cop6onHe.
B 1841 r. cran npodeccopom yHuBepcuTeTa B
Motnense, B 1855—1856 rr. — npodeccop
Crpacbyprckoro yHuBepcuteta. ABTOp YeTbl-
pextoMHoro «Kypca opraHu4eckon XuMmum,
usganHoro B [Mapwke B 1853—1856 rr. Ycra-
HOBW MpaBusbHble GOPMY bl NPUPOAHBIX CU-
JMKaTOB, paseuBan Hesasucumo ot A. Asora-
[IPO MeTOAbI Onpe/eNieHna MONAPHOTO obbe-
Ma BeLLIeCTB B ra3006pasHOM COCTOAHWM, BBEN

HOBYIO (MPaBUIIbHYIO) CUCTEMY SKBUBAJIEHTOBR
(H=1;,0=16; C=12; N = 14; S =32; Cl = 35,5) u ycTaHoBUn npaeunbHble GOpMysbl
BOAbI, OKCMAA W Cynbdata Kanus, CEPHOM KMCOTbI, a30THOM M YKCYyCHOM KiucnoT. Been
MOHATAE FOMOJIOMMM, Pa3BUII TEOPUIO TUIMOB, NOJTYMIT aMMUAKaTbl PTYTU U MNTaTUHbI.

KHE COCOMHEHMSI COCTABJISTIOT OCHOBY OPTaHM3MOB PACTCHUI U
JKMBOTHBIX M IO CBOMM CBOMCTBAM CYILIECTBEHHO OTIMYAIOTCS
OT CBOMCTB COeOIUHEHMI IPYTHX 3JIeMeHTOB. [1oaTOMY OHM T1O-
JIYYUJTA Ha3BaHWE «OpraHWYECKHe COeIWHEHUsI». B ogHOM m3
MEePBBIX YYEOHUKOB MO OPraHWYECKOW XMMUM, HAIIMCAHHOM B
1853 r., IlTapab ZKepap nan cienyroliee onpeneseHue ITon 1nc-
LUIUIMHBL: «OpraHudyeckas XMMUsI 3aHMMAeTCsl U3yYeHUEM 3a-
KOHOB, TI0 KOTOPBIM TIPeBpaIlaloTCs BEIIeCTBA, COCTABISIONINE
OpTaHU3MBI PACTeHUIA U XXKMBOTHBIX. Ee 1Ieblo SIBJIsIeTCs ITo3Ha-
HHUE CIIOCOOOB TOIYYeHUsI OPTaHMYECKUX BEIECTB BHE KUBOM
MpUponbl». EXEeromHo 4mcio opraHuYecKux COeIMHEHMI yBe-
muunBaetcsa Ha 300—400 teic. ITomaBnsiolniee OOJBIIMHCTBO
9TUX HOBBIX BEILECTB HUKOIIA HE CYILIECTBOBAJIM B IPUPOIIE.
OHM CUHTE3MPOBaHbI B XUMUUYECKUX TabopaTtopusix. OpraHuye-
CKasg XMMHUSI CTPEMUTEILHO pACIIMpPSIET CBOM IIPeIMET U CBOM
0COOBII PYKOTBOPHBIN MaTepUaJIbHBII MUP, YTO TIPUHIINITAAIb-
HO OTJIMYAET ee OT OOJBUIMHCTBA IPYTUX €CTECTBEHHBIX HayK.

B cocraBe no60ii opraHn4eckoil MOJIEKYJIbl MOXXHO BBIJe-
JIATh YeAepoOHblil CKedem — RnocAe008ameabHOCb NPOCMbIX U



1. 1. I[Ipedmem opeanuueckoil xumuu

LUopnemmep Kapn
(30.1X.1834—27.V1.1892)

Popunca 8 Japmwragre. OkoHums Bbiciuyto
peMecrieHHytlo KoMy, paboTan anTekapem.
C 1853 r. B cBOGOAHOE OT paboThbl BpeMs
nocewjan nekumu P. ByHseHa no xumum B
leiipensbeprckom yHusepcutete. B 1859 r.
okoHuun lMcceHckuin yHuBepcuteT, pabotan
accucteHtoM y I. Pocko B OysHs-konnegxe
B Manyectepe. B 1874 r. ctan nepsbiM B
Anrnum npocdeccopoM B 0651acTu opraHuye-
ckoit xuMmun. Mccnegosan npogykTbl nepe-

FOHKM KaMeHHoro yrna u Hedptn (1862—
1863), nokasan, 4to npefenbHble yrnesogo-
pO/bl MOXHO paccMaTpuBaThb Kak OCHOBY [niA OGpa3soBaHWA BCeX [pYruX Klaccos
OPraHU4eCcKMUX COEAUHEHWNM, NCCIe0BaN MPEBPALLEHNA KPACUTENA aypuHa B PO3AHMIMH
1 TpudeHnn-n-posannnuH. Ynen JToraoHckoro koponesckoro obuectsa (1871).

KPAMHbIX Yenepo0-yenepooHbix cessell, ¢ KOmopbiM C8A3aHbl Amo-
MblL 6odopoda u eemepoamomsl. UHBIMM CJIOBaMU, OPraHUYECKYIO
MOJIEKYJIy MOXHO IpPEACTaBUTh KaK YIJIEBOLOPOA, B KOTOPOM
4acTh aTOMOB BOA0OpO/a (a MHOIIA U BCE OHM) 3aMeILEHbl JPYTH-
MM aToMaMu U TpyrmamMu. [1o3ToMy BBIIAIOIIUIACS HEMEIKUA
xumMnK Kapn Illopiemmvep oIpefevy OpraHWYECKYI0 XUMHIO
KaK «HayKy 00 yeneeo0opodax u ux npou3gooHsix». DTO orlpeaesie-
HUE Yallle BCEro UCI0Ib3yeTCsI U CETOIHSI.

3HAaYUTEIbHOE YUCIO COSOMHEHUI yIrjepoaa TPaguLMOHHO
OTHOCST K MUPY HEOPraHMYECKUX BEIIECTB (OKCHI U TMOKCUI,
yroJIbHAsI KUCJIOTa M ee COJIM, IIMaHuABI U T. 11.). Ho uncio Heop-
TaHWYECKUX COCOTUHEHWI YIiiepoa HUITOXKHO MaJjio TT0 CpaBHe-
HMIO C YMCJIOM OpraHMYecKux BelecTB. [1o onpeneneHuo apy-
rOro BbIIAIONIErocss Hemelkoro xumuka Jleomonbaa I'mennHa
(1788—1853), «opeanuueckas Xumus — 3mo Xumusi COeOUHeHUll ye-
snepoda». HekoTopast yCIIOBHOCTh TOIO ONpeAeIeHUs OYeBUIHA.

M CcKITIOUNTEIbHO OBICTPHIN IIPOTPEeCC B Pa3BUTHHM OpTaHWYE-
CKOI1 XUMUU B TIOCJIEIHEE CTOJIeTHE ObUT 0OYCIOBJIEH HECKOJIb-
KUMM NpudrMHamMu. [1aBHas U3 HUX — MpPaKTUYECKHME MOTPed-
HOCTH pa3BuTus uBwiIn3annu. Ceifuac, B Ha4ajie TPeThero Thi-
CsIuesIeTUS] OpPraHMYeCcKast XMMUSI CTajla OCHOBHBIM MCTOUHUKOM
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TMOJIy4eHUsT HOBBIX MaTepUAaNIOB, JIEKAPCTB, CPEACTB 3alINTHI
pacTeHMii, KpacuTeyeil, TOTIMB U APYTUX BEILIECTB, XXU3HEHHO
HeOoOXOIMMBIX IS OOIIeCTBA.

MpbI )KMBEM B OpraHMYeCKOM MUPE U CaMU SIBJISIEMCSI €T0 He-
oTheMJIeMOl YyacTbio. Kakaast KjeTka XKMBOro opraHu3Ma Ipe-
cTaBIsieT co0OM CIOXHENIINI MUKPOCKOMMUYECKUI peakTop, B
KOTOPOM €XKECEKYHIHO MPOTEKAIOT IO/, IeiiCTBMEM OMOJI0TnYe-
CKMX KaTaJn3aTopoB-(EePMEHTOB 1 B COOTBETCTBUU C 3aKOHAMU
oprannyeckoit xumuu co 100 % CeneKTUBHOCTBIO U KOJIMYe-
CTBEHHBIMU BBIXOJAMU ThICSIYM TapalljieIbHbIX U TOC/eI0Ba-
TEJIbHBIX XUMUYECKUX PeaKIUil TIpU OOBIYHBIX TeMIlepaType U1
JIaBieHUU. XUMUKU-OPTaHUKU B COIPYXKECTBE C OMOXUMUKAMU
W MOJIEKYJIIPHBIMU OMOJIOTaMU YK€ CYMEJIM BBISSICHUTH MeXa-
HU3MBbI 0OJBIIMHCTBA TAKUX MPEBpalleHUI U MPOMOAEIUPOBATh
ux in vitro. Ilony4eHHBIe TP 3TOM PE3YJIbTAaThl OTKPBLIBAIOT UC-
KJIIOUUTEbHO 3aMaHYMBbBIE TIEPCIEKTUBBI CO3/1aBaTh, MoApaXKas
JKMBOW MpUpPOIE, NUCKYCCTBEHHbBIE KaTaJanu3aTOPhI, HE YCTYyITalo-
1I1e MO0 aKTUBHOCTU U CEJIEKTUBHOCTU (pepMeHTaM, a B Mep-
CNEKTUBE U IpeBocxondmne ux. C ropaIocTbio MOXKXHO 3aMETUTh,
YTO 3TU MEPCIEKTUBDI YK€ BOIUIONIAIOTCS B KU3Hb.

|.2. Yrnepopg v opraHuyeckue BelecTBa
B MpupoJe

Vraepon — 3JIeMEHT C aTOMHBIM HOMepOM 6 1 Maccoit 12,011 Ia
MMeEET IBa CTabWIbHBIX M3oTona: 2C (mpupoaHoe coaepKaHue
98,892 %) u 13C (1,108 %). Yrnepon-13 uMeeT MarHUTHBII MO-
MeHT U cniuH [ = 1/2, moaToMy 3TO SIpO MOXKHO MCIOJb30BaTh
JUISL U3YYEHUsI CTPOEHUsI OPraHMYeCKUX COEAMHEHUI METOIOM
AMP. PaguoaktuBHbiil usoron “C (B-u3ayyaresib) UMEET Iie-
puon nonypacnana 5570 neT.

Conep:xaHue yriaepoaa B 3eMHoi Kope cocrapisieT 0,023 %.
OxkoJ10 10'3 TOHH ero HAXOAWTCS B HEW B BuIe KapOOHATOB. AT-
Mochepa conepxut okojio 0,03 % (1o oobeMy) yIJIEKUCIOro ra-
3a. KoiyecTBo yriieKucIoro ra3a, paCTBOpeHHOTo B Bojgax Mu-
pPOBOTO OKeaHa, MpUMepHO B 60 pa3 MpeBHIIIaeT ero oo1ee co-
JiepxkaHue B aTMocdepe.
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Oxkodo 1,5-10'3 ToHH yriepoaa coaepKUTC B 36MHOI KOpe B
BHUIe KaMEHHOTO YIS, HeT! 1 Ta3a. OCOOCHHO 3HAYUTEIbHEI,
COTJIACHO TIOCJIETHUM JaHHBIM, 3aTIaChl 2A308bIX 2UOPAMOE, KOTO-
pBIe TIPEACTABIISIIOT COOOM KAaampamHble cOeQUHeHUst MeMAaHA ¢ 60-
doii. 3amackl yriaepona B OpraHMIeckKoM BEIIeCTBE OLEHUBAIOTCS
npubausuteabHo B 4102 ToHH. M3 Hux okoio 8-10'" ToHH
MPUXOIUTCSI HA HA3eMHYIO0 M MOPCKYIO pacTUTEIbHOCTh. B mo-
CTOSIHHBIN KpYroo0opoT BKJII0YEHO oKouio 51010 ToHH yriepo-
Jla, TIOTpebIsieMOoro U BblaeasieMoro (hJjiopoit u (ayHoi Halei
TJIAHETHI €XKEeTOHO B BUJE Pa3IMUHBIX CoeAUHEeHU. PacTuTennb-
HOCTH CO3[a€eT €XeromHo okojo 2-10'' Tonn 6momaccerl. Ilpu
pa3yMHOM HCITIOJIB30BAHUU 3THX OTPOMHBIX BO30OHOBIISIEMBIX
OOTaTCTB YEJIOBEUECTBO BITOJTHE MOXET 00ECIeUMTh CeOSI BCeM
HEoOXOIMMBIM Ha MHOTHE BeKa. B TIpupome pacripocTpaHEHBI
JIBE aJUTOTPOITHBIE MOAM(UKAIINM YTepoia — ajiMa3 U Tpadur.
AJIMa3 XxapaKTepu3yeTcsl UCKJIIOUNTEIBHO BHICOKOI TBEPIOCThHIO,
BBICOKOI TJIOTHOCTBIO (3,51 1/cM3), BBICOKOI OTpaXaTebHON 1
MPEJTOMJISTIONIEN CITOCOOHOCTBIO. DTO XOPOIIWIA JTUIJIEKTPUK.
B kpuctannuyeckoil CTpyKType ajiMa3a KaxIblif aTOM CBsI3aH C
YEThIPbMS COCENSIMU, PACIIONIOKEHHBIMU OTHOCUTEIHLHO HEro B
BEpIIMHAX TPABWILHOTO TeTpasapa Ha paccTostHusx 1,54 A.
B nipupone HaiineHsb! 1Be MOJUTOITHBIE MOAM(DUKALIMY aliMa3a —
Kybnueckas (aJiMa3) U TeKcaroHajgbHas (JloHcaeiut) (puc. 1.1).

YKJanka cjoeB B JIOHCIEHIUTE

VYKJanka cioeB B aimase

Puc. 1.1. Anma3s u JOHCAEUHIUT
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142 um I'padut mpexacraBisgeT co-
0ol Haubosiee TepMOJUHAMMU-
YeCKU YCTOWYMBYIO Moaudu-
Kaluio yriaepojga. OTOT MsITr-
i 335um KW, TEMHBINA, IPOBOIALINIA
J_ 3JIEKTPUYECKUI TOK MaTepuall
WMEeT CJIOUCTYIO CTPYKTYpYy
(puc. 1.2). CyuiecTByOT ABe
TMOJIUTOMHBIE  MomuduKauu
rpacduTa — rekcaroHajbHas U
poMOo3IpuYecKas. Buytpu
KaXJI0TO CJIOS aTOMBI yIjieponia
VJIOXKEHBI B TIpaBUJIbHBIC IIIe-
CTUYTOJIBHUKH C MEXAaTOMHBIMU paccTosiHusimu 1,415 A. Cron,
HAXOIAIIMECS HA pacCTOSHUSAX 3,35 A, cBA3aHBI CIaGBIMU
BaH-/Iep-BaajbCOBbIMU cJIaMU. O4eHb MHOTHE BeIleCTBa CIO-
COOHBI TIPOHUKATh MEXIY 3TUMU CJIOSIMM, 00pa3ysl UCKITIOUU-
TEJIbHO UHTEPECHbIE coeqHeHUsI BHeapeHus. [L1oTHOCTh rpadu-
ta (2,265 r/cM3) 3HAUUTENTEHO HIIKE, YEM TIJIOTHOCTD aIMasa.

B konue 1970-x rr. B nadoparopun MHOOC PAH O6bina
TMOJTydyeHa TPEeThsl aJUIOTporHass Moaudukanus yriepoga —
KapouH, wiu nojukymyseH [1, 2]. Kpucraminueckas cdopma
KapOWHA JOKHA COCTOSITh U3 MAPAJIEIbBHO OPUEHTUPOBAHHBIX
LIETTOYEK YIJIEPOAHBIX aTOMOB B BUE MPSIMOJMHEMHBIX MaKpO-
MOJIeKyN TTouuHOBOTO (—C=C—C=C—...) WmIm KymyJe-
HoBoro (=C=C=C=...) tuna. MexaToMHOe paccTOsIHUE
C—C B HMX JOJDXHO COCTaBIISITh OKOJIO 1,3 A. Onnako Belwe-
CTBO HE yIaJoCh MOJHOCTbIO oxapakTepu3oBath. [Toka HET moJi-
HOI YBEPEHHOCTHU B TOM, UTO MOJTYyY€HHbIE MTpenapaTsl 1eiCTBU-
TeJbHO SIBJISIIOTCS KapOuHoM. MccienoBaHus B 9Toil obnacTu
WHTEHCUBHO TIpomoiikaioTcs. C COBPEeMEHHBIM COCTOSTHHEM
Mpo0eMbl MOXXHO IMO3HAKOMUTLCS 1O OHOM U3 MOCAEAHUX ITy-
onmukanuii [3]. CBemeHMUsT 0 HAJIMYUKM 3TOM MOIM(MUKAIIUM B
MPUPOJIE TPOTUBOPEUUBHI.

Hob6enesckast mpemust o ¢pusuke B 2010 1. 6bu1a IPUCYKIE-
Ha AHnpeto KoncrantuHosuuy I'eiimy u Koncrantuny Cepree-
B4y HoBoceoBy «3a OCHOBOTIOMATAIONINE SKCIICPUMEHTHI IT0

Puc. 1.2. I'pacpur
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Puc. 1.3. I'pacdeH Ha moioxkKe

HCCIIEIOBAHMUIO IBYMEPHOTO MaTepuaia rpadet». Ipaghen — HO-
Basi ayjutoTporHasi Moaudukanus yriaepoaa. OH TpeacTaBisieT
c000#1 MOHOCJIOI aTOMOB YIJIepoa, YJIOXEHHBIX B TPABUWIbHYIO
reKcaroHaJIbHyIo peeTky (puc. 1.3). DTOT ype3BbIUaifHO TPOY-
HBIH, JIETKUI Y TIOYTU NPO3payHbIi MaTepural SIBISIETCI OTINY-
HBIM IPOBOJHUKOM TeIlIa U 3JIeKTpuyecTBa. Ero moayyalor pac-
HIeIUIeHneM TrpaduTa Ha MOHOCIOU. MccnenoBaHne yHUKAb-
HBIX CBOMCTB rpacdeHa OBICTPO MPEBPATUIOCH B OMHO U3 CaMBIX
MHTEHCUBHO Pa3BUBAIOIINXCS HATIPABICHUI HAYKH.

B cepenune 1980-x rr. 6bu1a OTKpPHITA €1e OJHA, a MO CYIle-
CTBY, HECKOJIbKO HOBBIX aJIJIOTPOITHBIX MOAM(DUKALIUNA yTaepo-
na — cdhepuueckre MOJeKyIsipHble Kiactepbl C,, Tme 4ucio
yriieponoB n udmeHsiercst ot 50 go 90, monyyusiue odlee Ha-
3BaHNE @hyatepensvl. DTO OTKPhITUE ObLIO oTMeueHO Hobenes-
CKOI1 mpeMueil, npucyxaeHHoi B 1996 r. Xapoabay Kpoto, Pu-
yapny Cmosun u Pobepty Képiy. IlepBbiMu npeactaButeasiMu
3TOro Kiacca BeuectB sBisttoTcst Cqy u C; (puc. 1.4). Cy nipen-
CTaBJIsIET COOOM yCeUeHHBIN MKOcadap U3 Yyepeaytommxcs 12 ms-
TUYTOJILHUKOB 1 20 IIeCTUYTOJBHUKOB, 110 (DOpMe HAITOMUHAIO-
muit pyToonbHBIN MY, LIlecTUYTONIBPHUKN MOCTPOSHBI U3 Yepe-
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(e) SWNT (0) MWNT

Puc. 1.4. ®ynnepenst Cg (a), C7q (0), «aHn0dyuiepen» La@Cg, ¢ aToMOM JiaH-
TaHa BHYTPU KJIETKU (8) U YIJIepOIHble HAHOTPYOKM (2) 1 (J)

OYIOLIMXCS OBOMHBIX cBszeil (1,386 A) U TIPOCTBIX CBSI3eit
(1,434 A), KoTOpBIE COCTABIISIOT MSATUYJICHHBIE LINKITBI. C,o ume-
eT (popMy Ms1Ua 111 UTPhHI B perou. B HacTosIIee BpeMs yxKe 1mo-
JiyyeHsl U npyrue dyiepeHsl (Cyg, Crg, Cqy, Cqy), OTKPBITHI TAK-
K€ TaK Ha3blBaeMble YIJIEpPOAHbIE HAHOTPYOKH, IMpEeACTaBIsIIO-
mue coboit mmmmHIpel auamerpoM 30—100 A, COCTOSIINE U3
OJTHOTO WJIM HECKOJIbKUX CJIOEB yIjiepoaa, HEKOTOpble U3 KOTO-
pBIX 3amevyaTaHbl ¢ KOHIIOB KPBIIIKaMu (KyMoJlaMu), TOCTPOEH-
HBIMU 110 IIPUHIUITY PYJUIepeHOB. DTa 00J1acTh XUMUU YIJIepoaa
pPa3BUBACTCSI UCKIIOYUTEIBHO OBICTPO U MpUBEa K MOJYYSHUIO
MHOTMX YpPE3BbIYAfHO HWHTEPECHBIX pE3YJIbTaTOB, HMMEIOIINX
MpsIMOE OTHOIIEHUE U K OPTAaHUYECKOW XUMUU.

Bo Bcex opraHMyeckux COEAMHEHUSX MOXHO BBIIEIUTH
CTPYKTYPHBIC (PparMEeHTHI, BCTPEYAIOIINECs B aJZIOTPOITHBIX MO-
nubuKanusax yriaepoaa, — TeTpasApUYeckue, MIOCKUE TPUro-
HaJlbHbIE U JIMHEHHBIC, B KOTOPBIX CBOOOIHBIE BaJ€HTHOCTHU
aTOMOB YIJIEpOIa HACHIIIAIOTCS 3a CUeT 00pa30BaHUs CBA3EH C
aTOMaMM IPYTUX 2JIEMEHTOB.
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|.3. OcHoBHble UcTOpUYecKre nepuoapl
PasBUTMA OPraHU4ECKON X1MUM

MHoTrHe opraHMYecKHe BellleCTBa OBLIM M3BECTHHI YEJIOBEKY M
LIIMPOKO UM HCIOJb30BAJIUCh YKe B TJYOOKON ApeBHOCTU [2].
B XVII u XVIII BB. U3 00bEKTOB PACTUTEIBLHOTO M KMBOTHOTO
TIPOVMCXOXICHUSI OBUTM BBIICJICHBI OCCATKM WHIWBUAYATbHBIX
XUMUYECKUX COeMUHEeHUI. IX cBOMCTBa CUJIbHO OTJIMYAIMCh OT
CBOMCTB MUHEPAJIbHBIX (HEOPraHMYECKMX) BellecTB. sl HUX,
HaIlpUMep, He COOMIomalics 3aKOH KPATHBIX OTHOIICHWNA 3JIe-
MEHTOB, 1 ITOATOMY BIUIOTH 10 MepBoii yeTBepTH XIX B. XMMUKU
CUMTAIM, YTO KMBBIE OPraHMU3MBI CO3MAIOT UX C ITOMOIIBIO
«Spiritus vitae», 0COOON «KW3HEHHOW» CWIbI (6umanrucmu4eckas
meopus). Jlonroe BpeMsl TakoKe MoJiarajiv, YTO MPUHLIMITUATbHO
OTJIMYHBI IPYT OT APYTra XMUMUS PACTEHUN U XUMUS XXUBOTHBIX.
Opnako k koHity XVIII B. cTtano sicHO, 4TO OOJIBIUIMHCTBO Opra-
HUYECKUX BEIECTB BCTPEYarOTCsl KaK B XKMBOTHBIX, TaK 1 B pac-
TuTenbHbIX Kietkax. Henc ko6 Bepuenmyc oKOHYATEIbHO yT-
BEpAWJI MHEHHME O TOM, YTO NMPUHIIUTINAIBHON Pa3HUIIBI MEXITY
XMMUEH XUBOTHBIX U PAaCTEHUI He cylecTByeT. JIBe BETBU Hay-
K1 OObEIMHUINCH B OOIIYIO HAYKY OpeaHu4ecKas Xumusl.
BrimeneHne OoTOeIbHBIX TIEPHOIOB B ICTOPUM HAyKM BCETIa
BechbMa ycjaoBHO. Kak mpaBuio, Hayaao KaXJa0ro HOBOro nepu-
0Jla CBSI3BIBAIOT C MOMEHTAMU MPUHIUTUAIBHBIX U3MEHEHU B
TIOHATUITHOM aItapaTe HayKu, ¢ U3MEHEHNEM WX CMEHO na-
paduembi. DTO TOUTU BCErAa COIMPOBOXAAECTCS IEpecTpOKoit
CTPYKTYpPBI HayKH, U3MEHEHNEM TIPUOPUTETOB HAyUYHBIX HCCIIC-
MIOBaHW, BOSHUKHOBEHHEM HOBBIX 00JIaCTEi MMPUMEHEHHUSI T10-
JlydaeMbIX HayJYHbIX 3HaHU. B Halty 3agady He BXOOUT MOAPOO-
HOE M3JI0KEHNE NCTOPUU OPTAaHUIECKON XUMMH, KOTOpast TIpe-
CTaBJIIET COOOM CaMOCTOSITEIPHYIO WHTEPECHYIO HayKy. MBI
JIUITb KOPOTKO OXapaKTepU3yeM OCHOBHbBIE MEPUOIbI 3TOTO pas-
BUTHSI, HAYMHAsI OTCUET BPEMEHU C MOMEHTA BBIIEJICHUS Opra-
HUYCCKON XWUMUM B CAaMOCTOSITCJIbHYIO HAYUYHYIO TUCIUTLIAHY
(konen XVIII B.). Ml npocieauM, Kak MEHSJIMCh OT Tieproaa K
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Bepuenuyc Menc Ako6
(20.VIIL.1779—17.VIII.1848)

Pogunca B BesepcyHpe Ha tore Llseuum.
OkoHnumnn B 1802 r. Yncanbckuit yHuBepcu-
TeT, paboTan B MeAUKO-XMPYPrU4eCKOM UH-
ctutyte B CrokronbMe (npodeccop ¢
1807 r.), npesugent (1810—1818 rr.) u ce-
kpetapb (c 1818 r.) Koponesckoii Llsea-
cKoit AkaZeMuu HaykK. DKCrepUMeHTaslbHO
[loKa3an CnpaBeAsIMBOCTb 3aKOHOB MOCTOAH-
CTBA COCTaBa W KPaTHbIX OTHOLLEHU ANA He-
OPraHNYECKUX OKCUZOB U OPraHUYeckux Co-

€AVHEHWU, OMpejenun  aTOMHble  MacChl
45 XUMUYeCKMX 3NEeMEHTOB, BBEN UX COBpe-
MeHHble 0603HaueHusn, otkpbin uepui (1803 r.), cenen (1817 r.) u Topun (1828 r.).
BriepBble nosy4nn B cBO6OAHOM COCTOAHWUM KPEMHUI, TUTaH, TaHTan U LuupkoHuit. Co-
3/]an 3NeKTPOXMMUYECKYIO TEOpUIO CpoACTBa. PasBun npeacrasnenns o6 usoMepun u
nonumepun. Been TepMuMH «KaTanuzatopy M pasBui yH4eHue O KaTannse, B TOM 4ucie
4718 KuBbIX OpraHuaMoB. Ony6nmMKoBan NATUTOMHbIA y4eBHUK XuMUM 1 0630pbI ycne-
XOB XUMUM U du3mnku (27 ToMoB). MIHOCTpaHHbIN NoYeTHbIN YneH Metepbyprckoin Aka-
Aemum Hayk (c 1820 r.).

nepuoay €€ MeTOAMYECKUI apceHall, IIaBHble HampaBJIeHUs U
00BEKThI UCCIIEIOBAHMIA, COCTOSIHUE HAYYHOI TEOPUHU, XapaKTep
MEXIUCLUTUIMHAPHBIX CBS3e# 1 00J1aCTU MPUMEHEHUST XMMUYE-
CKUX 3HaHuI. Mbl OyaeM MMEHOBAaTh IMEPUOIbI B COOTBETCTBUU
C IOMWHUPYIOIIUMU HATIPABJICHUSMU UCCJIENOBAHUNA B KaXIOM
U3 HUX.

1.3.1. AnaMTHYECKHUIi TepHo
(konen XVIII B. — 60-e rr. XIX B.)

bnarogapst 66ICTPOMY COBEPILIEHCTBOBAHUIO METOJIOB BbIjEJIE-
HUSI M1 OYMCTKM WHIMBUIAYAJIbHBIX COENMHEHWH (IKCTpaKilus,
KpUCTAJITN3a1us1, TIePeTOHKA, BO3TOHKA) U3 MPUPOAHBIX UCTOY-
HUKOB B 3TOT IIE€PUOJ ObLIN BbIIEICHBI I€CITKY HOBBIX MHIVBHU-
JyaJIbHBIX OPTaHUYECKUX BEIIECTB — MOYEBMHA, MAaHHUT, acra-
parvH, HUKOTHH, TJII0K03a, XMHUH, XJ1opodui, ¢peHos, 0eH30/,
MUPPOJ, XUHOJIWH, aHUJIMH, TUPO3WH, KapOOHOBBIE KUCIOTHI U
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Benep ®puapunx
(31.VIL.1800—23.1X.1882)

Pogunca B Dwepcxeiime 6nm3 Ppankdyp-
Ta-Ha-MaitHe. OkoHuMn MefuuMHCKUA  da-
kyneteT [eiifjlens6eprckoro yHuBepcuteTa
(1823 r.). Yuunca y J1. T'menmna u M.9. Bep-
uennyca. C 1836 r. — npodeccop leTTuH-
reHckoro yHmsepcuteta. OTKpbIN oaumaH u
umaHosyto kucnoty. Brnepsble nonyunn wa-
BENEBYIO KUC/IOTY U MOYEBMHY. YCTaHOBWN
(coemectHo c O. JTnbuxom) popmyny Gen-
30/HOM KWCNOTBI U BMeCTe C HWM MoKasarn,
yro rpynna C;H5O (6eHsoun) nepexoaut
6e3 M3MeHeHMn M3 OAHOrO COeAuHEeHMA B

apyroe. Monyuun gustuntennyp (1840 r.),

ruapoxuHoH (1844 r.), MuHgansHyio kucnoty (1847 r.), MeTannuyeckue antoMuHUiM
(1827 r.), 6epunnmit n urtpuin (1828 r.), docdop (1829 r.) us docdara Kanbuus,
KPEMHUIA, CUMaHbl U XNOpuapl, Kapbuy KanbLms W auetuneH u3 Hero. [purotosun u
UCMbITan MeJHO-XPOMOBbIN KaTanusatop Ana okucneus SO,. Mpesngent Hemeukoro
xumMmyeckoro obuectsa (1877 r.). ViHocTpaHHbiii uneH MNetepbyprckoit Akagemun Ha-
YK ¥ MHOTUX APYrUX aKaZleMUii 1 Hay4HbIX OBLLecTB.

MHorue apyrue. [To Mepe Toro Kak u3y4ajauch UX CBOIMCTBA, X1-
MUKU TIOCTETIEHHO HAaXOAWJIU MYyTH OCYIIECTBICHUS PA3TUYHBIX
TpeBpalleHnii 3TUX COSTMHEHU B HOBBIE BEIIECTBA. DTO HABO-
JIAJIO Ha MBICIIb, YTO BUTAJIMCTUYECKAsI Teopys HeBepHa. Perra-
IOIIUI yoap HaHEC/IU 1o Heit a1Be paboTsl ®puapuxa Benepa. U3
HEOPTaHWYECKUX BEIIEeCTB OH TMOJIyYMJI IBA XOPOIIO U3BECTHBIX
OpraHMYEeCKMX BEIleCTBa — IIABEJIEBYIO KUCJIOTY TMIPOJIU30M
muunana (1824 r., ypaBHeHUe 1) 1 MOUYEBUHY TepeTpyHITMpPOB-
Kolf m3omnranaTa aMmmMoHus (1829 r., ypaBHeHUE 2):

HO 0
y
N=Cc—c=N1°% ;c—c< )
o OH
NH.CNO — H;N—C—NH, )
0

Bcaen 3a 3TUM yCUITUSIMA MHOTMX XUMUKOB B JTAOOPaTOPUSIX
B KOPOTKOE BpeMsl ObLIM CMHTE3MPOBAaHbI U3 HEOPTaHUYECKUX
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MPEeAIeCTBEeHHUKOB 1 APYrMe OpraHUYeCKUe COeIUHEHUST pas-
HBIX KJIACCOB — TIpeAeIbHbIE YIJIEBOIOPObI U UX TAJIOTEHOIPO-
W3BOIHbIC, CHUPTHI, AMUHBI, AJIbAETUIbI, KAPOOHOBBIE KUCJIOTHI,
CJIOKHBIC 3(UPHI, XJIOPAHTUAPUILI, HUTPWIBI U APYyTHUe Bellle-
cTBa. P Mosiekys ObUT IPpU 3TOM CUHTE3UPOBAH U3 JIEMEHTOB.
HekoTopbie U3 TaKMX CUHTE30B, OCYIIECTBICHHBIX B TO JaBHEe
BpPEMSsI, M CETOMIHSI KaXyTCsI COBCeM He TpMBUAJIbHBIMU. BoT, Ha-
IpuUMep, NATUCTAOUMHBIA CUHTE3 YKCYCHOM KUCJIOTBI U3 BJIE-
MEHTOB, BbINOJTHEHHBIN Anoiabdom Koawde B 1845 1., KOTOphIi
MOXKHO OIMCATh CIEAYIOLIEN CXEMOW:

C+ F682 e CSZ + C]2 - CC14
ccl, - cL,e=ccl, 222 ccl,cooH
CCl,COOH 225 CH,COOH

Haub6oaee 6ajxcuvim nanpasaenuem 6 pazgumuu op2aHu4ecKoll
Xumuu 6 3mom nepuood 6vL10 onpedeienue KaHeCnMEEeHH020 U KOAU-
4eCmeeHH020 cocmasa opeanu4eckKux coedunenuii. B ero ocHOBY
OBLT TIOJIOXEH co3naHHbIl AHTyanoMm Jlopanom JlaBya3be B KOH-
e XVIII B. MeTom KOIMYECTBEHHOTO 3JIEMEHTHOTO aHaJI3a Op-
TaHNYECKNX BEIIECTB ITyTEM CXXUTaHUS B TOKE KHACIIOPOIA C T0-
CJICIYIOIIIM BECOBBIM OITpeAeICHIEM YIJIEKUCIIOTO T'a3a M BOJIEI.
DTOT MeTod OBII CYIIECTBEHHO YCOBepIIeHCTBOBaH 2Ko3edom
I'eii-JTioccakom u JIyn 2Kakom Tenapom, a 3atem bepliennycom B
COYETaHUM C TIPEIIOKCHHBIM AManeo ABOraapo METOIOM OITpe-
NEJICHUST MOJICKYJISIDHBIX BECOB JICTYUMX BEIIICCTB.

JaHHBIe 00 3JIEMEHTHOM COCTaBE M B3aMMHBIX IIPEBpaIlCHN -
SIX OPTAaHUYECKUX COCAMHEHUI TTOCTYKUIU OCHOBOM IIJISI CO3a-
HUSI TIEPBBIX TEOPUI CTPOCHUSI, KOTOPhIE B 3HAYNTEIbHOUN Mepe
OB MHTYUTHUBHBIMM U YMO3PUTEJIbHBIMU. B HeopraHuueckoit
XUMMHU B 3TO BpeMsl OECCIIOPHO T'OCMOJCTBOBAJA AyaIMCTUYE-
CKasg 3JIEKTpoXMUMMYecKas KoHuenuus bepuenuyca, coriacHo
KOTOPOM BCe COENMHEHUSI CUUTATIMCH COCTOSIIIIMMU 13 KATUOHOB
1 aHuoHOB. IlepBasi TeopUst CTPOEHUST OPTAaHUYECKUX COeAUHEe-
HUiA, mpemtoxenHast FOctycom JIuouxom 1 passutast Anoabgom
Kosbbe, onupanachk Ha 3Ty KOoHLeMM0. OpraHMJecKue MoJie-
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OpeaHu1ecKoll Xumuu @)

JlaByasbe AHTyaH JlopaH

(26.VIIl.1743—8.V.1894)

Poauncs 8 Mapuxe. OkoHumnn ropuandeckui
dakynbTet Mapwkckoro yHusepeuteta. Cry-
LIan Kypc nekumin no xummun B botannyeckom
capy B [Mapwxe (1764—1766 rr.). B 1755—
1791 rr. — pvpekTop YnpasneHus nopoxos
n cenutp. lMonyuun kucnopoa (1774 r.),
YCTaHOBUWN €ro NpUpo/y Kak 3/1eMeHTa, JoKa-
32N CNIOXKHbI COCTaB BO3AyXa, onpeaenun
COCTaB BO/bl U CMHTE3MPOBaJ €e U3 KUCTO-
poAaa u Bogopoaa. Been B xummio ctporue
KONMYeCTBEHHblE METObI UCCeAoBaHmA. 3a-
NOXWN  OCHOBbI OPraHW4eCcKOro aHasnnsa.
CKOHCTPyMpOBan neAsHON KaniopuMeTp K

M3MepUn TennoTBOPHYIO CMOCOBHOCTL MHO-
rux Tonnme. [lokasan, 4to AbixaHue Noao6Ho ropenuto. Ero pabotsl cnocobeteoeanm
OTKasy oT Teopun ¢roructoHa. Ynen Mapuxckoi Akagemun Hayk. KasHeH no nmpuro-
BOPY PEBOJIIOLMOHHOrO TpubyHana Bo BpeMa Benmkoit dpaHLy3ckoin peBontoLmmn Kak
CTOPOHHMK KOHCTUTYLIMOHHOM MOHapXuu.

lent-JTioccak Xosed Jlyu
(6.XI11.1778—9.V.1850)

Poaunnca B Cen-JleoHape. Okonunn MNonm-
TexHuyeckyto wkony B [Mapwke (1800 r.),
yuunca y KJ1. beptonne u 6bin ero accu-
creHtom (1800—1802 rr.). C 1809 r. npo-
deccop xumum B NonurexHueckoit Likone
1 dpusnkn B CopboHHe. OTKpbIST 3aKOH, yCTa-
HAB/IMBAIOLLMA KONINYECTBEHHbIE COOTHOLLE-
HWA Mexay o6GbeMOM rasa W TeMmepaTypon
(1802 r.) 1 3aKOH OGBLEMHBIX OTHOLLIEHMI1 ANs
pearupytowmx rasos (1808 r.). YcraHosun
aHasorvto MeX/y X/IOPOM 1 MOZIOM, MOMyY U
HI, HIO4 v ICI. Paspabotan mMetogpl nosny-

YEeHMA HaTPUA U Kanua M3 rMapOKCUAOB, UC-

cnefoBan Ux nepoKcuzbl U Nepokcuabl 6apua u Kanbuus. MocTpoun Kpuebie pacTBo-
pUMOCTU coneit B BOAe OT TeMmriepaTypbl. YCOBEPLIEHCTBOBAN MeTo/bl O6beMHOro
aHanm3a (X1OpOMETpUIO, aIkaIMMETPHIO, aLMAoMeTpuio). PaspaboTan NpoMbILLNeHHbI
MeTo/ NOonyYeHus LaBeneBon KUcnoTel. Monyunn avumaH, YTo NocnyXuno oaHomn us
NPeAnoCkbINIOK CO3AaHNA TEOPUM CNOXKHbIX PaZVKanos.
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Tenap Jlyu XKak
(4.V.1777—20.V1.1857)

Popunca B Jla-Jlynteepe. Okonuun Momu-
TexHuyeckyto wkony B [Mapwke (1798 r.),
yyeHnk H. Boknena. B 1804—I1810 rr. —
npogeccop Konnex [e ®panc, ¢ 1810 . —
npodeccop [Mapwxckoro yHuBepcuteTa K
MonutexHnyeckoit wkonbl. Pabotan co-
sMectHo ¢ XKJ1. Teit-JTroccakom. Monyumn
cBoboHbIn 60p M3 ByO3, Mayumun peakumo
xnopa 1 Boaopoaa, Aokasan, yto HCl n HI
He COAEpXaT KUCIIOPOAR, OTKPbI U NOMyYM

B 4MCTOM BMAe nepokcuz Bogopopa. Ot-
kpbin NaNH;. YcraHosun katanutuyeckoe
AeiicTBue TBEPALIX Ten Ha pasnoxenue H,O,. Beigenun xonesyto Kucnoty us xenum
(1806 r.), yctaHoBMN OT/MuMe cepHOro 3¢pupa (AU3TUMNOBLIA 3¢PUP) OT CIOXKHBIX dPu-
poB, nonyunn ¢ocduHbl n noapobHo nccneaosan TpumetundocouH (1845 r.). Ynen
Mapwxckoit Akagemum Hayk (c 1810 r.) u ee MNpesunaent (1823 r.). MiHocTpaHHbIit no-
YeTHbIi uneH [NeTepOyprekoit Akagemun Hayk.

Aeoragpo Amepeo,

rpac KyapeHbsa u HYeppeto
(9.VIILI776—9.VII.1856)

Poaunncs B TypuHe. OkoHumnn ropuanieckui
cdakynbTeT  TypUHCKOrO  yHMBEpCUTETa
(1792 r.). ®usnky n MaTeMaTvKy usy4an ca-
MocTosaTensHo ¢ 1800 r. B 1820—1822 u
1834—1850 rr. npodeccop dusukn TypuH-
CKOTO yHMBEpCUTETa. 3aSIOXKMI OCHOBbI MO-
NeKyNAPHOM TEOPUW, OTKPLIN 3aKOH, Ha3BaH-

bt ero umeHem (1811 r.), npasunbHO BbI-
YACIMN  aTOMHble  Macchl  KUCIIOPOJa,
yrnepoga, xnopa v paza Apyrux 37eMeHTOB. YCTaHOBU/ TOUHbIN COCTaB BOAbI, BOAO-
poJa, KUCNOpPOAa, aMMIaka, OKCWAOB a30Ta, X/IOPa, MeTaHa, 3TaHOMa, STUeHa, coneit
LLIENOYHBIX U1 LLIENIOYHO3EMESTbHBIX METASIIOB.

KyJIbl B HEeil pacCMaTpUBAIMCh KaK aHAJIOTH COJICH, B KOTOPBIX
MECTO KaTMOHA MeTajlla 3aHMMaeT CJIOKHAsI OpraHnJecKasl Ja-
CTHUIIa — pajauKal.

[Momo6HO KaTHOHY MeTajlla paguKaa HOJDKeH IPU pa3ind-
HBIX MpeBpalleHUsIX 0e3 U3MEHEHUN MepeXOanuTh U3 UCXOTHBIX
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JIn6umx Octyc
(12.V.1803—18.1v.1873)

Popwnca B JapmwTaare, yuunca 8 boHHckom
(1820 r.), Dpnanrenckom (c 1821 r.) yHusep-
cutetax u B Copbonte y XK.J1. lNeit-JTioccaka.
Mpenopasan B luccenckom (¢ 1824 r) un
MioHxeHckoM (c 1852 r.) yHuBepcuteTax.
Bmecte ¢ @. BenepoM OTKpbIn M3OMeputo
conen rpeMy4ein n LMaHOBOW KUCNOT, CUHTe-
3upoean xnopo¢opm. Hawen cosmectHo ¢
®. BenepoM, utO 6eHzounbHaa rpynna
C;H5O nepexoaut 6e3 nsMeHeHuit n3 ofjHo-
ro coeauHeHus B Apyroe. BHec Bknag B pas-
BUTUE TEOPWUM PaZINKanoB. YCOBEPLUIEHCTBO-

BaJI METOAMKY KOJSIMYECTBEHHOrO orpegene-
HUA yrnepofa W BOAOPOAA B OpraHMYeckux coefuHeHnax. OTKpbIA  YKCyCHbIR
anbAerng, U3y4mn CoCTaB U CBOMCTBA MHOMMX OPraHUYeCKUX KUCSIOT U MPeANoXUI UX
KnaccuguKaumio no ocHoBHocTU. MccneoBan ankanounabl XUHUH, LMHXOHUH, MOPGUH,
KoHuuH. OTKpbIN TMpO3uH. Mccnegosan xummsm usmonornyieckux npoueccos. OauH
U3 ocHoBaTerei arpoxuMuu. PaspabatbiBan XuMuUYecKue MeTOAbl aHANIMTUHECKOW XK-
Mun. Coszpan 6osbLUyO LLKOMY BbIJAIOLUMXCA XMMUKOB. OCHOBAN HECKOSIbKO XUMUYe-
CKUX KypHasnioB. VIHOCTpaHHbIN YneH-koppecrnoHgeHT [MeTepbyprckoin AkageMum Hayk
1 pAfa MHOCTPaHHbIX aKaZeMuit.

BELIECTB B MPOAYKThI. JInOux u Besiep nonaraiu, 4To Bce Mpou3s-
BOIHBIC 3TUJIOBOTO CITUPTA SIBJISTIOTCS COCAWHEHUSIMHU, COIEp-
KallMMU paaukai aTwi. OHM OOHapyXWIu, HalpuMep, 4TO
oensomabHas rpyrmma C,H;O mepeHocuTcss HEM3MEHHOU IIpHU
B3aMMHBIX MPEeBPAIICHUSIX OCH30MHON KUCIOTHI, OCH3aIbICTH-
na, OeH3ouIXJI0praa u 6eHzouacyabduaa. beHzown 661 Ha3BaH
CJIOXKHBIM PaJIMKaJIOM B OTJIUYME OT MPOCTHIX PATUKaJIOB — Me-
TWJIA, TUJIA, TIPOITHIIA.

CJIOXXHBIMU paguKajlaMu cuuTaiIuch Takke nuaH CN u Ka-
xkomwi (CHj;),As. XuMuKy 1monaraiau, 4To 00a OHU IOJTyYeHBI B
cBOOOOHOM cocTosiHUM — TiepBblid ['eii-JIroccakom, a BTopoit —
P. bynzeHom B 1841 r. B neiicTBUTENBbHOCTH 00a MOTYYEHHBIX
BellleCcTBa, KakK ObLIO MOKa3aHO B MOCJIENYIOIUX paboTax, oKa-
samuch gumepamu NC— CN u (CH;),As— As(CH3),. K omm6-
KaM B 000MX CJTydyasix MPHBeEJIO HECOBEPIIIEHCTBO METOIOB OIpe-
NeJICHUST MOJICKYJISIPHBIX Macc.
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Konb6e Aponbd Bunbrenom Mepman
(27.1X.1818—25.X1.1884)

Pogunca B DnnuxayseHe 6nm3 [éTTuHreHa.
Mayyan xummo y ®. Bénepa B lértuHren-
ckoM yHuepcutete (1838—1842 rr.), Gbin
accucteHtoM P. BynseHa B Map6yprckom
yHuBepcutete (1842—1845 rr.). B 1854—
1847 rr. pabotan 8 opHolit wkone B J1oHgo-
He, B 1847—1851 rr.6bin pegakropom Cno-
BapA MO YMCTOW U MPUKNAZHOM  XWUMUM
(Handworterbuch der reinen und ange-
wandten Chemie) Jlubuxa — Bénepa.
C 1851 no 1865 r. — npeemhuk byHseHa Ha
kadpeape xumumn B Mapbypre, ¢ 1865 r. go

KOHL@ u3HM — npodeccop Jleinuurckoro
yHueepcuteTa. Monaras, YTo OpraHM4eckue COEAMHEHNA MOXHO MOJy4aTb U3 Heopra-
HUYeCKUX MyTeM 3aMeLlieHns, oH B 1843—1845 rr. cuHTesnpoBan ykcycHyto kucnorty, a
B 1847 r. coBMecTHO ¢ 3. DpaHkiaHAOM nony4mn pag kapboHoBbix kucnot. B 1849 r.
MPEeASIOKUN  SNEKTPOXMUMUYECKU METOZ MOSyYEeHUs HACbILLEHHBIX YrNIeBOJOPOAOB
3/1eKTPOJIN3OM PaCTBOPOB COJIEN LLENOYHbIX METANIOB KApHOHOBBIX KUCIIOT (peakums
Konb6e). B 1860 r. cHTe3anpoBan canuumioByto KUCIOTY AEMCTBUEM YrOMbHOMO aHrm-
Apvaa Ha peHoNAThI LLieNoYHbIX MeTannos. [peackasan cylecTBOBaHWe BTOPUYHBIX U
TPETUYHBIX CMMPTOB M CMOCOBCTBOBAN BbIACHEHUIO WX MPUPOABI, A TakXe MpUpPOAbI
anb/erMaoB, KETOHOB, CyNb(OKUCIIOT.

JecATKY XMMUKOB IbITAIUCH ITOJIyYUTh OPraHUYECKUE PaIU-
KaJjibl B CBOOOIHOM COCTOSIHUU TEMU XK€ MeTOIaMU (BOCCTaHOB-
JIEHUE, 3JEKTPOJIU3), KOTOpbIe ObUIM pa3paboTaHbl K TOMY Bpe-
MEHM IJIsI TIoJydyeHUs cBOOOAHBIX MeTaioB. B 1849 r. mosiBu-
JIOCh COOOIIEHNWE MOJIOAOTO AHTJIMHCKOTO XMMUKA Dayapaa
®paHKianaa o oJyYeHN CBOOOTHOTO paarKayia MeTUIa B BUTIE
rOpIOYEro «MeTUIra3a» ¥ CBOOOJHOIO paarKasa 3TUIA.

«CBOOOIHBIN 3TWI» (B OEMCTBUTEIBHOCTH 3TO OBbLT 3TaH)
OBLT TTOJTyYeH MM MPU BOCCTAHOBJICHUU MOINCTOTO STHJIA LIMH-
KOM B BOJIE:

C,H;I + H,0 + Zn = Zn(OH)I + CH;CH,.

Taxkyto xe ommoky noryctun I'. Konpbe. OH moayyui staH
MpU JEKTPOJIM3E alleTaTa HaTpUsl U MpUIIUCAT eMy (hopMYyJy
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®paHknaHg dayapa
(18.1.1825—9.VIII.1899)

Poaunncs B8 Yépurayne (Jlankawmp). Yuunca
B Map6yprckoM yHusepcutete y P.B. ByHseHa
(aoktop ¢punocodpumn, 1849 r.). B 1865—
1885 rr. npodeccop B KoponesckoM xumm-
YyeckoM konnemxe B JloHaoHe. lMoa pyko-
sogcteoM A. Konbbe nonyuun nponuoHo-
Byto kucnoty. [lpu nomeitke BblgENUTL
cBOGOAHblE paauKanbl METUN WU 3TUA Nosy-
uun B nabopatopum P.B. ByHseHa umHkopra-

Huveckne coeauHenns (1849 r.), nonoxws
Ha4ano PasBUTUIO XWUMUW 3NIEMEHTOOPraHM-
Yecknx coeanHeHuit. Monyunn ankunbHble NponssoAaHble onoea v ptytn (1852 r.), 60-
pa v iutusa (1862 r.). M3yyas peakumn LMHKOPraHU4eCKUX COEAVHEHWN, MOy un pas-
JIMYHbBIE KUCNOTbI U OKCUKUCTIOTbI, OBHApYXKWUN TPeX- W MATUBANEHTHOCTb a30Ta, ¢poc-
¢dopa, MbilbAKka U CypbMbl. M3ydan cBoicTBa auetoykcycHoro séupa. lNpesugeHt
JloHpoHckoro xuMuyeckoro obuectsa. MIHOCTpaHHbIN dneH-koppecrioHaeHT [etep-
Gyprckoit Akagemun Hayk (c 1876 r.).

MeTua. (DAeKTPOIN3 cosieil KapOOHOBBIX KMCJIOT Ha3bIBAIOT pe-
axuueii Koavoe):

2CH,CO0- — 2~ — 2CO, + CH,CH,,

Omnbky Konboe ooHapyxwi Briociaenctsuu K. [llopaemmep.

XOTS 3TU U MHOTHUE Ipyrue 0e3ycrelrHble MOMbITKU CUHTE-
3MpOBaTh CBOOOTHBIC PamUKabl JOKa3add HEBO3MOXKHOCTh WX
CYIIIECTBOBAHMSI B KAUECTBE CTAOMIIBHBIX BEIIECTB, YCUJIUS XU-
MUKOB JapoM He Tponaiu. B xone aToii paGoThl ObUIM TTOTyYE-
HBI UCKJTIOUUTEIbHO BasKHBIE I HEOXKMIAHHBIE PE3YIbTaThl, OKa-
3aBIlIMe OOJIbIIOE BAUSHUE Ha TMOCIEnylollee pa3BUTUE HAYKU.
Hanpumep, nmpoBons Ty X)e peaklivio 3TUIMoAMAa U I[IMHKA B
6e3BoHOI cpene, D. DpaHKIIaHA MMOTYYUI TIepBbIe IIMHKOPTa-
HUYECKNE COSTMHEHUSI, YTO TTOJIOXKMIO HAaYaI0 XUMUU 3JIeMeH-
TOOPTAaHNIECKUX COCTMHECHUA.

Kan batucr /Iroma nonaras, 4To paagukaaoM B CBOOOTHOM CO-
crostHuM siBysiercs atuieH C,H, (3TepuH 1o TepMUHOIOTUN TOTO
BPEMEHU), ITOCKOJIBKY OH BXOIUT B COCTAB CITUPTA, IMPOCTHIX (U~
poB M Apyrux BeiecTB. B 1834 1., cTpeMsch SKCIIEpUMEHTAIbHO
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HAioma XKan Batuct AHppe

(14.VI.1800—11.1V.1884)

Pognnca B Axece. Yuunca B >KeHesckoMm
yHUBEpCUTETE W OJHOBpeMeHHO pabotan
¢dapmauesTom. B 1823—1840 rr. pabotan B
MonutexHnyeckoit wkone B [Mapwke y
J1.XK. Tenapa. C 1841 r. — npodeccop Co-
pbonHbl. B 1849—I1851 . — mMunucTp
CeNnbCKOro XOo3AinCTBA UM KOMMepumu. “neH
Mapwxckoit Akagemum Hayk (c 1832 1) n ee
HenpeMeHHbIn cekpeTapb (c 1868 r.). MNpea-
noxwun (1826 r.) MeToa onpegenexusa nnot-

HOCTM MapoB PAAa BELLECTB, C MOMOLLbIO KO-
TOpOro onpeAenun aToMHble Maccbl pAga
anemeHToB. Onpefennn cocTaB aLeToHa U CNOXHbIX ddupoe. Npeanoxun Meton
06bEMHOro onpe/eneHns a30Ta B OpraHnYecknx coeauHernax. OTKpbIN (COBMECTHO ¢
O. JlopaHoM) aHTpaLieH, OTKpbIN peakuumio MeTanencum. Y CcTaHoBUN cocTae kaMopbl,
XnopogopMa, XNoparns, Nosy4nn TPUXIOPYKCYCHyIO KucioTy. BeiasuHyn nepeyto Teo-
puto TvnoB. PaspaboTan obumit MeTon cuHTesa HUTpUnoB. lNpesnaeHT ®paHuysckoro
XuMudeckoro obuectea. YneH paga akageMuin, B TOM YUCIE MHOCTPaHHbINA 4fieH-Kop-
pecnoHaeHT [NeTepbyprckoi AkageMum Hayk.

000CHOBATh TEOPUIO 3TepKHa, JlroMa u3ydal aeiicTBHe XJiopa Ha
ATWIOBBIN crupT. OH OOHApPYXWJI, YTO TIPU 3TOM BBIIENISIETCS
HCI u yacthb xj10pa nepexoauT B OpraHMdYecKue MPOAYKThI PeaK-
1uu. Tak Obl1a OTKpPHITA peakyus memanencuu. B neiicTBUTEIbHO-
ctu, eme leit-Jlroccak B 1828 r. ymoMuHan B CBOUX JIEKLIUSIX:
«[1pu geiicTBUM ra30000pa3HOrO XJI0pa Ha MAaciia BbIAEISIETCS He-
0oJIbIIIOE KOMMYECTBO Bomopoaa. CoenuHsIsICh C HUM, XJIOp JaeT
XJIOPUCTOBOIOPOIHYIO KMUCIOTY, KOTOPYIO MOXHO COOpaTh, X B TO
K€ BpeMsl 4acTh XJI0pa COSAMHSIETCS C MAcjioM, 3aHUMasi MECTO
BBIICIMBIIIETOCS BOIOPO/A, TAK YTO MBI TTOJIy4aeM ApPYyroe ropio-
yee BEILECTBO». TakuM oO6pa3oM, [JioMa onupacs: He TOJIbKO Ha
CBOM JaHHBIE, HO 000OIINII ¥ Pe3yJIbTaThl APYTUX aBTOpoB: «Kor-
Jla BOJIOPOJICOIEpIKaIlee TeJIo MOIBEPraeTcs IeTUApOreHU3NPYIo-
LeMy IEHCTBUIO XJIopa, OpoMma, iioda, KHUCIopoda U T. ., OHO
MpruoOpeTaeT B3aMEH KaXXIOro IOTEPSHHOIO aroMa BOIOpoIa
ONMH aTOM XJIopa WM HoJa WM ONWH IT0JIyaTOM KHUCIIOPOIa».
DTO OTKPBITHE HAXOMUIOCH B TIOJIHOM TPOTUBOPEYNHU C OCHOBA-
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MM KoHIenmuu beprennyca m Teopum pamukaioB JlmOumxa.
B pamkax 3Tux mpejcTaBiIeHHiT 3aMellieHe BOIOPOIa, KOTOPBIA
MOT UTPaTh TOJLKO POJIb KATMOHA, Ha XJIOP, TUTTMYHBIN aHUOH (1),
ObLIO MPUHLIMITMAIBLHO HEBO3MOXHO. bepuenuyc BBICTYNUI C
pe3koil kputukoii padotsl toma. Bripouem, bepuenuyc cunran
TakKe OIMOOYHBIMU U padoThl Benepa m JInbuxa, B KOTOpbIX
OHWU TIpe/IIarajivi CUuTaTh paarkanoM oenzoun. [To muenuio bep-
HeJimyca, KIUCJIOPOa He MOT BXOIUTh B COCTAaB OPraHMIECKOTO pa-
IuKana. ABTOpUTeT Beiaukoro bepuennyca OblUT CTONb BEIWK, a
THEB €ro, oOpyImuBIIMiicS Ha JlfoMa, CTOJNb CUJICH, YTO JBEPU
MHOTHX JJAOOPATOPHUIA IJIST TPUALIATUTPEXIICTHETO YICHOTO 3aKPhI-
JIVCh Ha HECKOJIbKO JieT. TeM He MeHee 10/ HaltopoM Bce Bo3pac-
TaloIIero yncsa pakToB TEOPHs paquKaioB mocie cmeptu bepiie-
Jnmyca B 1848 1. Obl1a OOJBITMHCTBOM XMMUKOB OTBEPTHYTA.

Bmecto Hee Jlioma BBIIBUHYJ meopuro munog. YTomno0sis
OPTaHMYECKYIO MOJICKYJTY 30aHMIO, OH ITHCAJl, 9YTO B HE «MOXHO
3aMEHUTh KUPIWYM BOAOPONA Ha KUPIUYM XJIopa, OpoMa Win
KHCIIOpoJa» 0e3 TOro, YToObl «BHEIIHWE OTHOILICHUS 3IaHUSI»
(T. e. cBOIicTBA) CUJIBHO U3MEHUIINCH. «Heobxoammo npu ynae-
HUU BOIOpOIa YTO-HUOYIb KJIACTh Ha ero MecTo. MHave 3maHne
OOPYIINTCST WU TIepecTPOUTCs. Ero TUII M3MEHUTCS».

ITo cymectBy, B hopmyaupoBke 1oMa TeOpust TUTIOB TIPeI-
CTaBJisyia cCOOOM JIMIIb MHTYUTUBHYIO TUMOTe3y. boiee cTpoli-
HBIIi BU OHa TIprodpena B pabotax 2Kepapa.

[apxs Ppenepux ZKepap 0TKa3ajIcs OT TOMCKOB KaKOM-JIH-
00 HEM3MEHSIEMOM YaCcTU OPTaHMYECKUX MOJEKYJI U B OCHOBY
cBoeil KiaccuUKAIMKU TTOJIOXKWI TeHETUYECKUI MPpUHIUT (110
XUMUYECKUM (PYHKUUSAM U TI0 TIpoucxoxaeHuto). CorinacHo
Kepapy opraHnueckue COCOIWHEHMSI MOIJIM TpUHAIIeXkaTb K
YETHIPEM OCHOBHBIM TUTIaM, B KAUeCTBE KOTOPBIX CIYKUJIU IIPO-
cTeie Heopranuueckue mosekynsl: H,, HCI, H,O, NH;. 3ame-
HSISI B HUX aTOMBI BOIOPO/Ia Ha YIJICBOIOPOIHEIE 1 O0JIee CII0XK-
HBbIE paguKadbl, MOXHO OBUIO IIOJYYUTh YIJIEBOIOPOIBI
(tunt H,), cnupThl, NPOCThIE U CIOXHBIE 3MUPBI, KUCTOTHI (TUI
BOIbI), TIEPBUYHBIC, BTOPUYHBIC M TPETUYHBIC aMUHBI (TUIT aM-
Muaka), ankuaxjaopuasl (tun HCI).
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Kekyne ®puapux Asryct

(7.1X.1829—13.VII.1896)

Popunca 8 Japmwraare. OkoHumn Miccen-
CKWiA yHuBepcuTeT, crywan B [Mapwxe nek-
um XK. [ioma, L. Bropua u LL. XKepapa.
B 1858—1865 r.r. — npodeccop entckoro
yHuBepcuteta (Benbrus), ¢ 1865 r. — npo-
deccop boHHckoro yHusepeuteta. Monyumn
TMOYKCYCHYIO KWUCIIOTY, FNIMKOMNEBYIO KUCO-
Ty, BBEN TN cepoBoAoposa. Been npescras-
NeHVe O BaNEHTHOCTU 3/IEMEHTOB KaK O Lie-
FIOM 4MCne efuHWL, CPOACTBA, OBOCHOBan
YeTbIpexBasieHTHOCTb yrnepoga. Passun Teo-

puto Tunoe. Mpeanoxun umknmyeckyto ¢pop-
Mysly GeH3ona, MOMy4Mn ero rasiore-, Hu-
TPO-, aMUHO- U Kap6okcunpounssogHble. OCyLLecTBUAN LMK NpEeBpaLLEeHUit: NPUpOAHan
ABnoYHan KUcnorta — GpoMAHTapHas KUCIOTa — HeakTuBHaA A6noyHas kucnota. Cun-
Te3MpoBas TPUPEHUIMETAH U aHTPaXWHOH. ccnejoBan KpPOTOHOBYHO KOHAEHCALWIO.

®punpux Asryct Kekyiie pa3Bui1 1 ycOBepIICeHCTBOBAJ B3IJISI-
nbl ZKepapa, monpasnenaus Tumbl Ha riiaBHbie (H,, H,O, NH;) u
nobounsie (HCI, H,S, PH;). On BBen Tunm metana CH,, a Takke
CMeIIaHHbIe U KPaTHBIE TUITbI, KOTOPbIE TIO3BOJISUIM OIUCHIBATH
CTpoeHUEe TOJMGYHKIMOHAIBHBIX coeauHeHui (cxema 1.1).
HckmounTelbHO BaxkHOE 3HAUEHME TSI TEOPUU UMENIO pa3BU-
toe Kekyne yueHue 06 «OCHOBHOCTH», T. €. BAJIEHTHOCTU 3Je-
MEHTOB, Hauaja KOTOpPOTO OBUIM YXe CchOpMYJIUpPOBAaHH B
1852 r. D. ®paHKIaHAOM, U YCTAHOBJICHUE YEThIPEXBaJEHTHO-

Cxema 1.1. [IpocTblie u cMelaHHbIe TUIIBI IO KekyJe

H H H CH; CH,0 H
HiN O HiN H (N O H(N
H H H H H Cco
H (0]
O H
H
a 0 8 2 d e

a) IpOCTOi TUI aMMUaKa; 0) IPOCTOM TUTI BOJbI; ) CMELLIAHHbII TUIT aMMHUaKa —
BOJIBI; ) (hopMyJia MeTUIaMuHa; d) (popmysia YKCYCHOI KHUCIIOTHI; e) (opmyia
kapbamuHoBoit kuciaotsl NoH — COOH
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Kynep Apun6anbp Ckotr

(31.1H1.1837—11.111.1892)

Poaunnca B KepkeHtuxonne. Yuunca B yHu-
Bepcutetax [nasro, DaunHbypra n BepnuHa.
Pa6otan y LIA. Biopua B [lapumxe.
C 1858 r. pabotan B DaMHOYprckoM yHuBep-
cutete. OgHopeMerHo ¢ D.A. Kekyne pas-
BANI MPEACTAB/IEHNA O YETbIPEXBASIEHTHOCTH
yrnepoga. Monaran, 4To xumnyeckoe cpoa-
CTBO 3/1EMEHTOB, onpejensatoliee o6pasosa-
HMe CBA3M, BbICTYNAaeT Kak KayecTBeHHoe (M3-
61patenibHOCTb) 1 Kak Kosin4ecTBeHHoe (cTe-
MeHb CPO/CTBA, T. €. BAJIEHTHOCTb) CBOMCTBO.
[peanoxun ncnons3oeatb 4epTy Ania obo-
3HAYEHNA XMMMYECKOM CBA3M, ABE U TPU Yep-

Tl — AnA 06O03HAYEHMA KpaTHbIX CBA3EW.
Barnagel A.C. Kynepa 6binm Hanbonee 6nuzkm k B3rnagam A.M. Bytnepoea. B csasu ¢
HepBHbIM 3a6onesaHuneM HayuHas kapbepa A.C. Kynepa 6bina oueHb KOPOTKOIA.

ctu yraepona. Kekye numocTpupoBa CTpOSHNE OpraHMIECKIX
CoeMMHeHU rpaduaeckuMu Gopmyiaamu (cxema 1.2), mpuma-
Bas aTOMaM Pa3JIMYHON «OCHOBHOCTW» Pa3HbIE Pa3MEPHI:

Cxema 1.2. I'pacdpuyeckue popmynnl Kekyne

o 00, ’
ComnsgHas Bona Kucnopon
KHUCIoTa

XnopuUcCTbI CepHas A3oTHas
cynbdypu KHCJI0Ta KucjoTa

PyaHu4HbI# CepHas CuHUIbHAS
ras KHCJI0Ta KHCJI0Ta
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HeszaBucumo ot Kekyne Te e uaen BbICKa3adl U pa3BUBAI
moTIaHACKUN xuMuK Apunbanna Kynmep. OH omHOBpeMeHHO C
Kekyne mpuiien K BBIBOAY O YeTHIPEXBAJIEHTHOCTH YIJeposa.
OH NpeIoXuI U300paKaTh HaTMUMe XUMUYECKOM CBSI3U MEX-
Iy aTOMaMU IIPOCTOM YEpPTOM, a TBOMHBIE U TPOUHBIEC CBSI3U —
COOTBETCTBEHHO OBYMSI U TpeMs depTtamu. [1oaToMy ero Xumu-
yeckue dopmynbl npuodbpenu Bun (cxema 1.3), mpubnukaro-
MUiics K coBpeMeHHoMY. [siist Ha 3T (hopMyJIbl, MBI TOJIKHBI
UMeTh B Budy, uto Kyrep mosb3oBajcs HelpaBWIbHBIM 3HaUe-
HMEM aTOMHOro Beca kuciopopa. [Toatomy Bo Beex dopmynax
BMECTO OTHOTO aTOMa KMCJI0poAa OH TOJDKeH OBLT ITPeAIIoNaraTh
HaJInuue B MoJiekyJse rpynnupoBku O —O.

Cxema 1.3. Xumnueckue opmyinl A. Kyrepa

{O—OH} C,—O0—OH
C N
| (H, H;
C—H
’ C,—H;
STUJIOBBIN CITMpT
0—O0 O—OH O—OH
cloml ¢ cf |
| (H HJ | | (Hy | H,
C—H,H,—C C—H, C‘Hz
I O—OH
T
C - H3
STWIOYTUIIOBBII 3(hup YKCYCHasl KUCJIOTa STUJIEHIJIMKOJIb

Hayka MHOTO TIOTEpSIIa OT TOTO, UTO 3TOT MCKIIOYUTEIHHO
TaJIAHTIIVBBIN YICHBINM paHO yIea u3 Hayku. OH o0Jamalr Heco-
MHEHHO OOJIbIIeH TIIYOMHON M IIMPOTON B3IIsAA, YeM MHOTHE
€ro COBpeMeHHUKU. BOT 4TO mucaji oH 0 KauyecTBe HayuyHOI TeOo-
pun: «Bcskas xopoiirast Teopust J0JKHA OTBEYATh IBYM YCIOBU-
saM: 1) Hamo, YTOOBI OHA COTJIACOBHIBAJIACH C OMBITOM; 2) HE Me-
Hee HeoOXoanMmo, 4YToObl OHA ObLIa UCTMHHA ¢ (prtocodCcKoi
Touku 3peHus. Iloaseprass Teopuio ¢GuIOCOOCKOMY HMCHbITA-
HUI0, HAJIO TPOBEpUTH: 1) ee UPOTY; 2) 00bICHEHUE, KOTOPOE
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oHa maet akram; 3) croco0, KOTOPBIM OHA JAaeT 3TO OOBICHE-
HHE».

Ilepexon oT TeopuM paguKajioB K HOBOW TCOPUU THIIOB ChI-
Ipajl B UCTOPUU TEOPETUUSCKOM OPTaHNIECKON XUMUH TTOJIOKU -
TeJIbHYIO posib. OMHAKO BBEACHUE CIOXHBIX M KPaTHBIX TUIIOB
MIPUBEJIO K TOMY, YTO (hOPMYJIBI TTOTEPSLIA CBOIO ITPOCTOTY U SIC-
HOCTB, HO HE MOTJIM BMECTE C TeM oIricaTh MHOTrue (pakTel. Ha-
IIpUMeEpP, UX HEBO3MOXHO ObLIO MCIOJb30BaTh MIJISI OIMCAHUS
peakluii MPUCOSINMHEHUs U OTLIEIJIEHUSI, a TaKXKe CTPYKTYPbl
HM30MEPOB.

Hawub6osee BaskHBIM HEIOCTATKOM 3TO# TeOpUH OBUIO TO, YTO
0451 ONUCAHUA PAZAUMHBIX PEAKUUT 00HO20 U M020 Jice COCOUHEHUS
Heo0X00uUMO 0bL10 UCNOAB308AMb HECKOAbKO PA3AUMHBIX (hopmya.

B sTOT mepuron GONBIIMHCTBO XMMUKOB 3aHUMAJIACh CaMbl-
MM Pa3HBIMM XMMUYECKUMU U (pusndeckumu mpobdiaemamu. 1o
CYILIECTBY, BCE HAYUHOE COOOIIECTBO €CTECTBOUCITbITATE eI ObI-
JI0 elne equHBIM. [103TOMYy TPYIHO TOBOPHUTH O MEXKIUCITUATIIN -
HapPHbBIX CBSI3SIX OPraHMYECKON XMMUU B aHAJIUTUYECKUIA ITepu-
OJl €€ Pa3BUTHSI.

Obaacmu npumenenuss XuMu1eckux 3HaAHUll COCTaBJISIA Tpa-
IUIIOHHEIC peMeciia — KPacUIbHOE IEJI0, BhIIETKa KOX, BUHO-
JIeJIie, ChIPOJIeiNe, U3rOTOBJICHUE JIEKAPCTB U T. II.

1.3.2. Ilepuon cTaHOBJIEHUS U PA3BUTHS KJIACCHYECKOI
cTpyKTypHOii Teopuu (1861—1914 rr.)

TouHas maTUpOBKa 3TOTO ITepHUOIa He BEI3BIBACT 3aTPYIHEHMI 1
CITOPOB, YTO BCTPEYAETCSI B UCTOPUU HAayKM BechMa peako. Ero
Hayajio COBMaaaeT ¢ BpeMeHeM JoKiana Ajekcanapa Muxaiiio-
Bnya bytiaepoBa Ha Cbesne HEMELIKMX eCTeCTBOMCIIbITaTeNel B
centsaope 1861 r. B Kapicpys. B mokiage ObUIM MMOABEPTHYTHI
KPUTHYECKOMY aHaJIU3y BCe pa3HOBUAHOCTY TEOPUU TUIIOB, ObI-
JIO TaHO HOBOE OINpeNnejeHUE TMOHATUS XUMUHeCKoe CMpoeHue,
c(OpMyIMpPOBaHbl OCHOBHBIE TTOJOXEHUSI HOBOI TEOPUU XUMU-
YeCKOT0 CTPOCHUSI, HAMEUEHBI MMyTH SKCIIEPUMEHTAIBHOTO U3Y-
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Bytnepos AnekcaHap Muxainosu4
(15.1X.1828—17.VIII.1886)

Poaunca 8 Yucronone. OkoHunn KaszaHckui
yHusepcuteT B 1849 r. C 1857 r. — npo-
¢deccop Kazanckoro, a c 1868 r. — [letep-
6yprckoro yHuepcutetoB. Cosgarernb Knac-
CUYECKOM TEOPUM XMMUHECKOrO CTPOEHWS,
CUHTE3VPOBan MOAUCTbIN METUNEH, MeTUNeH-
AMaLerat, ypoTpPOMWH, NEepBOe Caxapucroe
electso. lNpesckasan u o6bACHUN M3OMe-
PUIO MHOTUX OPraHWYeCKUX COeMHEHN.
Onpepenun  ctpoenne  Tpet-6yTHnosoro
cnupTa, u3obyTaHa u nsobytuneHa. Onpepe-

TN CTPOEHME MHOTUX ONEedUHOB M U3yunn
“x nonumepumsaumio. Mokasan BO3MOXHOCTL
06paTMMOit U3OMepU3aLIMK, 3aJTOXKMB OCHOBbI yHeHWa o TayToMepun. Coszaan KpynHei-
LLYIO LUKOMY PYCCKUX XUMUKOB, B KoTopyto Bxoaunu B.B. MapkoeHukos, A.M. 3aiiues,
E.E. Barnep, A.E. ®asopckuin, N.J1. Konpakos v gp. MNpeacegatens OtaeneHuna xumum
Pycckoro ¢usmko-xummyeckoro obiecta. Ynen [Netepbyprckoit AkageMun Hayk
(c 1874 r.) n MHOMMX Hay4HbIX O6LLECTB.

YEHUS CTPOSHUST OPTaHUYECKUX BEIIECTB U OOCYKIIEHBI CMBICT U
crnocod m3obpaxeHus GHoOpMyJ, OTOOPAXKAIOIIUX XUMUYECKOE
CTpOEHUE.

ByTtiepoB onpenenna XMUMUYECKOE CTPOECHUE KaK «XUMUYE-
CKYI0 CBSI3b, WJIM CITOCOO B3aMMHOTO COEIWHEHHWSI aTOMOB B
CJIOXKHOM TeJie», T. €. B MosiekyJsie. OH nucai: «Mcxonst u3 Mbic-
JIW, YTO KaXKIbIt XUMUICCKUN aTOM, BXOISIIUI B COCTaB Teja,
MpUHUMAaET ydyacTue B 00pa30BaHUU 3TOTO MOCJAEAHEro U Jeii-
CTBYET 3IeCh OIpeAcICHHBIM KOJMYECTBOM IIpMHAIIICKAIICH
€My XMMUWYECKOU CUJIbI (CPONICTBA), s HA3bIBal0 XUMUYECKUM
CTPOEHUEM paclpelnecHNe NEeUCTBUS 3TOW CHIIBI, BCICICTBUC
KOTOPOTO XMMUYECKHUE aTOMBbI, ITIOCPEACTBEHHO WJIM HEIOoCpea-
CTBEHHO BJIVISISI APYT HA IpyTa, COCIMHSIOTCS B XUMHUUECKYIO Ua-
ctuiy». [Ipu onpeneneHUM XMMUYECKOTO CTPOSHMST BO3HUKAIO-
IIHe TTPOOJIEMBI «pa3pelINMBbI ITyTeM XUMUIECKOTO OIThITa»: «3a-
KTIOYCHUSI O XUMMYECKOM CTPOCHMHM BEIIeCTB, IO Bcel
BEPOSITHOCTH, MOXHO BCEro Jyullle OyIeT OCHOBBIBAaTb HA U3Y-
YEeHUHU CIIOCOOOB MX CUHTETUUYECKOro 00pa3oBaHUSI — U MPEU-
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MYIIECTBEHHO — Ha TaKMX CHHTE3aX, KOTOPbIC COBEPINAIOTCS
TIpY TEMIIEPaType MajiO BO3BBIIICHHON U — BOOOIIE — TIPU yC-
JIOBUSIX, TI€ MOXKHO CJIEIUTh 3a XOJOM IOCTEIIEHHOTO YCI0XHEe-
HUST XUMAYECKOI YaCTUIIbI».

Harmmmcannsiit ByrinepossiM B 1864 1. yaeOHUK 10 OpraHrye-
cKoii xuMuu B 1868 r. ObUT TIepeBeieH Ha HEMEIIKUIA SI3bIK, YTO B
HEeMaJIOll CTENeHW CIIOCOOCTBOBAJIO PACIPOCTPAHEHUIO Cpenu
XUMUKOB ero B3msigoB. Teopust A.M. byTtiepoBa BKJtoumnia B
cebs B TBOpYECKHU MepepaboTaHHOM BU/JE Bce HauboJiee BaxKHbIE
TMOCTVKEHUST MPEIIISeCTBYIOIINX Teopuid. [IpruHIMIMAIbHO HO-
BBIM OBLTO CJIemyrolliee IICHTpaIbHOE TToIoXeHue: «Besgkoe op-
TraHWYEeCKOe COeTMHEHUE UMeeT eduncmeenuyro (!) xumuueckyio
dopmyay, ompaxcarouyro nopsadok céa3vl86aHUs AIMOMO8 8 MOACKY-
Jae u onpedeastouyro e2o ceoticmea (!!)».

C MaTeMaTMYEeCKON TOYKU 3peHUs CTPYKTypHas dhopmysa
MIpeACTaBIsIeT co000 rpad, BEPIIMHBI KOTOPOTO 3aHUMAIOT aTo-
MBI, a CBSI3U SIBJISTIOTCS peOpaMu. B pamkax aToit Teopuun Haluiu
O0OBSICHEHUE YK€ U3BECTHBIC K TOMY BPEMEHM SIBJICHUSI U30Me-
puu u romonoruu. B cratbe «O pas3auuHBIX criocobax oObsICHe-
HUS HEKOTOPBIX CIIy4aeB M30MEpHH», OITyOJMKOBAaHHOW B
1863 r. Ha HemelIKOM U B 1864 1. Ha (ppaHILy3cKOM si3biKax, ByT-
JIepoB clejiai BBIBOA: «Eciu mpy ogMHAKOBOM COCTaBE Bellle-
CTBa OTJIMYAIOTCS CBOMCTBaMMU, TO OHU HTOJIKHBI TakKXkKe OTIU-
YaTbCs ¥ CBOMM XMMMYECKUM CTpoeHHeM». Hanbomee cuibHOI
CTOPOHOI Teopuu ObLIa €€ MpeAacKa3aTresbHasi CIOCOOHOCTD.
B TeuyeHME KOPOTKOTO BPEMEHHM COTHHU COCOWHCHUIA, B YaCTHO-
CTU M30MEPOB, TPeNCcKa3aHHBIX €10, ObIIM CHMHTE3MPOBAHHBI B
pas3HbIX JabopaTopusix. Barsasl byTiepoBa ObICTPO MOTYyYMIU
BceoOIIIee TpU3HaAHNE.

Korma HoBas Teopust mpuHUMAETCS OBICTPO W OE30TOBOPOU-
HO, KaXeTCsI COBEPIIIEHHO €CTECTBEHHOW M TPOCTOM, OOBIYHO
HAYMHAIOTCST CITIOPBI O TIPUOPUTETE aBTOpa, €€ BBIIBUHYBIIETO.
He crana uckimoyenuem u teopus byriaepoBa. Crniop BO3HUK
yxe B 60-x 1. XIX cronerust. Psg HeMELKMX XUMUKOB IIPUITUCHI-
BaJiv TiepBeHCTBO A. KekyJsie, KOTOpbIi SIKOObI c(hopMyIrMpoBa
TO Xe LEHTPaJbHOE MOJIOKEHUE 3a TpU roaa 1o bytiaeposa. [e-
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TaJbHOE U OECIPUCTPACTHOE PACCMOTPEHNE BCeX TOKYMEHTOB 1
paboT 000MX BETUKMX YICHBIX OBLIO MTPOBEACHO HECKOJILKUMU
W3BECTHBIMM XUMUKaMu. Ceifyac JOCTOBEPHO YCTAHOBJIEHO, UTO
Kexyne npuHsT OCHOBHBIE MOJIOKEHMST HOBOU CTPYKTYPHOI Te-
OpUU JINIITb TPU TOMIa CITYCTs TOCJIe TOT0, KaK OHM ObLIU cop-
MYJIMpPOBaHBI ByT/IepoBBIM, U cpa3y CTaJl X TOPSTYUM IIpOITaraH-
IACTOM, HO HE BCeTAa YITOMWHAJI B CBOMX BBICTYIUICHUSX UMSI
aBTOpa BBICKA3bIBAEMBIX UM B3TJISIIOB. [1oApOoOHBI aHaTN3 3TOM
CUTYyallMM MOXHO HaiiTu B kKHure [.B. BrikoBa, meamukom mo-
CTPOEHHOI Ha nepBoucToyHUKaxX [5]. Touky B 3TOi AUCKYyCCUU
0 TIPUOPUTETE ITOCTAaBWJI ABAXKIBI jJaypeaT HobenxeBckoit Ipe-
mun Jlaiinyc ITosmHr B cBoeM BEICTYIUICHMU Ha CHUMIIO3UYME,
MOCBSIILIEHHOM CTOJIETUIO CO IHS poxaeHust A. Kekyne B 1958 r.
Bort BBIAEPKKA M3 €T0 TOKJIana:

«Konuemnmus BaleHTHOCTHY ObIJ1a IpeajioxkeHa D. dpaHKIaH-
moM B 1852 r. ITareio romamu mo3xe Kekyrne n Koasbe pacmpo-
CTPaHWJIM 3Ty KOHIIETIIMIO Ha YIJICPOI W BBICKA3aJd MHEHUE,
YTO YIJIepo OOBIYHO UMEET BAJICHTHOCTb, PaBHYIO UeThIpeM. 3a-
TeM B 1858 1. Kekyse mpearnonaoxui, 4To YriiepoaHble aTOMBbI
MOTYT COENUHSITHCS C APYTUMU YIJIIEPOAHBIMUA aToMaMu, obpa-
3ys menu. B Tom ke romy Kymep HezaBucnmo ot Kekyne BeIIBH-
HYJI W10 O YeThIPEXBAJIECHTHOCTHU YIJIEpo/ia U €T0 CIIOCOOHOCTH
o0pa3oBbIBaTh lLienu. Xumudeckue Gopmyiasl Kynepa Obuin
BeCbMa CXOXUMM ¢ COBpeMEeHHBIMU. OH OBLT IEPBBIM XUMHKOM,
WCITOTB30BABIIAM JIMHUHM MEXIY CUMBOJIAMU IIJIST M300paKeHUST
BaJICHTHBIX CBsI3eil. TepMUH «xumuueckoe cmpoenue» BIICPBEIC
BBes B 1861 r. A.M. BymiepoB. OH ycTaHOBWIJI, YTO BechbMa Cy-
1LIECTBEHHO M300paxaTh CTPYKTYPY OAHON (DopMyJioii, KoTopast
MOJKHA TTOKA3bIBaTh, KAKMM 00pa30M KaXKIbIit aTOM B MOJIEKYJIC
CBsI3aH ¢ IpyruMu atoMamMu. OH 4eTKO chOopMyIUPOBa I0JIO-
JKEHME, COTIIACHO KOTOPOMY BCE CBOMCTBA BEIIECTBA OTpEIeIsi-
FOTCST CTPOEHHMEM €T0 MOJICKYJIBI, ¥ TIPEIITOIOXMII, YTO MOXKHO
YCTaHOBUTh NPABWIbHYIO CTPYKTYpHYIO (hOpMYJIy BelllecTBa,
n3ydyasl TMyTH, KOTOPBIMH OHO MOXET OBITh CHHTE3UPOBAHO».

[Momo6HEBIC 1 GoJIee CIIOKHBIC CIIOPHI O TIPUOPUTETE B XUMHU-
YeCcKOU HayKe, a 1 BO MHOTUX IPYTUX HAayKaxX, CTAIM YaCThIMU



1.3. OcHosHble ucmopuueckue nepuodsl pazgumust
0p2aHU4eCcKOoU XUmuu

seineHusiMu. [locite Toro Kak HayKa IpeBpaTUIach B TTOJE OCsI-
TEJTLHOCTH THICSY YICHBIX M COTEH HAyYHBIX KOJUICKTUBOB, HE-
peIKO OIMHAKOBBIE PEe3yNbTaThl MPUHLIMITHAIBHON BaXHOCTH,
00BIYHO UMEHYEMbIEC OmKpbImusmu, TOYTU OJHOBPEMEHHO IO~
JIy4aloT IBa, TPU 1 OOJIbIIIEE YMCI0 aBTOPOB HE3aBUCUMO JIPYT OT
Ipyra. OTo cllydaeTcs TOTIa, KOrda IOsIBIICHHUE STHX pe3yiabTa-
TOB ITOATOTOBJICHO TIPEAIICCTBYIOIINM Pa3BUTHEM HayKH, KOTIa
uoesi youce Hocumcsi 8 8030yxe.

VYueHblit, BBIABUHYBIIUIA HOBYIO UICI0 U COOOIIUBILINI O Heil
B IIOKJIaJie¢ WJIK B CTaThe, MHOTIA OOHAPYXUBAeT, UTO ee cpasy
TOIXBATHIBAIOT M HAUMHAIOT pa3BUBATh APYyTHUE YICHBIC. DTO MO-
XKET BEI3BIBATh Y aBTOpA THEBHYIO peakunio. OH MOXET 3asIBUTh,
YTO «y Hero yKpanu uzaeto». Ha cemunape B KamudopHuiickom
yHuBepcuteTe B Jloc-AHmkenece B madoparopuu naypeara Ho-
oeneBckoit npemuu JloHanbaa Kpama, KOTophlid, 1o MOeMy TJ1y-
00KOMY YOEXKIEeHUI0, OBLI OTHUM M3 CaMbIX BBITAIOIIMXCS XU-
MUWKOB-0OpraHnkoB XX B., BO3HWK TaKoil mHIeAeHT. OnnH u3
YYaCTHUKOB OOBMHWJI NOKJIamyMKa, U3BECTHOTO €BPOIECKOro
XMMHKA B TOM, YTO TOT YKpaJ €ro Uaew, U3J0XEHHYIO B OTHOM
U3 TMOCJICTHNX ITyOJIMKAINiA, 1 TOJIOXKUJI €€ B OCHOBY paOOTHI,
pe3yIIbTaThl KOTOPOI TOKJIAmbIBal Ha 3TOM ceMuHape. KomMeH-
THpPYS BO3HUKIIMIA criop, KpaM cka3zaj, obpalasch KO BCeM
npucyrctBoBaBIuM: «Komnern! Hayunyio wumeio Henbss
yKpacTb. JIro0ast unest, KOHIEMIus, (hakT IOCce TOro, Kak O HUX
CTaJI0 M3BECTHO HAYYHOMY COOOIIECTBY, CTAHOBSITCS OOIIINM JI0-
crostHUeM. Kakmplii y4eHBII MMeEeT MpPaBO BOCIIOJIB30BATHCS
STUMU HOBBIMM 3HaHUSIMU. IMEHHO 3TO ITO3BOJISIET HayKe pa3-
BuBaThcs! JIy1s1 Hee 06e3pa3anyHO, KTO U3 aBTOPOB ObLT MEPBLIM.
Ho, ¢ npyroii cTopoHbI, 1 HE MOTY HE OTMETUTb, UTO HayKa —
5TO COPEBHOBAaHMWE YMOB. A IIO3TOMY IIPM3HAHME IIPUOPUTETA
YU4EHOTO — WCKJTFOUMTEIPHO MOIIHBIN CTUMYJ I TTOAIepKa-
HUSI €r0 TBOPYECKON aKTWUBHOCTU. Ilpunamoii gpopmoii maxoeo
NPUBHAHUSA A6AEMCA CB0EBPEMEHHOe U MO4HOe UUMUPOBAHUe HA-
YUHBIX pabom agmopa opy2umu y4eHoLMU, PAOOMarowumu 6 moi
ace obaacmu. Imo 6axcHvlil NPUHUUN IMUKU COBDEMEHHOU HAYKU.
E20 cobarodenue — mneobxodumoe ycaosue noooepicanusi ammoc-
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dhepvr meopueckozo compyonunecmea 6Hympu Kax#cdozo Hay4Ho20
KO0A1eKmuea u 6 MejcoyHapoOHOM HAYMHOM COoOuecmee 6 ueaom.
Hai rocth cpa3y Ha3BaJl aBTOpa MIeHW M ABAXKIbI B CBOEM JTOKJIA-
Jie cchutajics Ha ero paboTty. [ToaToMy 1 He BUXKY 31eCh HUKAKUX
HapYyILICHUMN STUKW».

Ha, xuMms1 — 3KuBasl HayKa, KOTopasl AeaeTcs pyKaMHu U
yMaMM KUBBIX JIIOACH. 32 CyXUMU U Teleph OOIIECU3BECTHBIMU
HayYHBIMM (haKTaMH KOTHA-TO KUIIEJW CTPACTH, CTAJTKUBAINCH
XapaKTephl, pelajanuch yejoBeueckue cynbobl. M Bce ke MoroHs
3a TIPUOPUTETOM HE MOXKET OBITh CaMOIIEJbI0 HACTOSIIETO yUe-
Horo. «llemp TBOpUecTBa — caMoOOTIaya, a He IIyMHXa, HeE
ycrex» — 3TH ciioBa bopuca [TactepHaka BIoOJIHE MTOAXOIAT TSt
JAHHOTO CJTyJasl.

3aMeTUM, OJHAKO, YTO COOOLIECTBO YYEHBIX OYEHb KOHCEP-
BaTUBHO. B mcTOpMM M3BECTHO HEMAaJIO M TaKUX CJIydyaeB, KOTIa
OIIMH 13 WICHOB 3TOTO COOOIIEeCTBA BBIIBUTA TCOPUH, BITOCTICI-
CTBHMU OKa3aBINMECS MPaBUILHBIMU, HO CIIMIITKOM KapIWHAIIBHO
OTJIMYABIIMECS OT OOILENPUHATHIX B TaHHbIN MOMeHT. Hepenko
TaKWe WMIEeW OTBEeprajuchb, a aBTOP, CIMIIKOM OIEPEAVBIINI
CBOE BpeMsI, TIOIBEPTAJICSI OCMESTHUIO U TaxKe TOHeHUSIM. CITyCTs
TOIBI TO X OTKPBITHE COBEPINAIIOCH IMOBTOpHO. MHTepecHBIi
maTtepuag 00 3ToM MOXHO HailTu B kKHure O.FO. OxJ100bICTU-
Ha [6].

BTopeiM BaXkKHBIM NOCTMDKEHUEM IIepHOJa CTAaHOBJICHUS U
pPa3BUTUS CTPYKTYPHOI TEOPUH CTAJIO PA3BUTHE CTCPEOXMMUM.
BrumM M3BeCTHBI ABA THUIIA U30MEPUH, KOTOPBIC HE TTONIABATNCh
OOBSICHEHUIO B paMKaxX KJIaCCUYECKOM CTPYKTYpHON TeOpUH
A.M. bytnepoBa, — onTuyeckasi uBOMepusl, a TAakKXKe U30Mepust
MaJIeMHOBOW M (hyMapoBOil KUCIOT U uX romosioros. B 1815 T.
dpanmy3ckuit xumMuK buo mokaszan, 4To IpHU MPOXOXKICHUMN
TJTOCKOTIOJISIPU30BAHHOTO CBETA Yepe3 HEKOTOPbIE KPUCTAJLTbI
TIPOVCXOIUT TMOBOPOT TIOCKOCTH TTOJISIpU3alui. B ogHMX ciry-
yasix OHa TOBOpauYMBaeTCsl BIIPaBo, B Ipyrux — BiaeBo. B 1848 r.
JIyn ITactep, KprcTa/LIM3ysl U3 BOAHOTO PACTBOPA HATPUEBO-aM-
MOHHEBYIO COJIb BUHOTPAaTHOUW KUCIOTHI, KOTOpast ObljIa BBIIE-
JieHa elne bepuennycoMm, oOHapyXuj, 4To oOpa3yloTcs Kpu-
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Macrep Jlym
(27.X11.1822—28.1X.1895)

Pogunca 8 Jone. OkoHunn Bbiclyto Hop-
ManbHyto LWkosly B [lapwke (AoKTOp Hayk
1847 r.), 6b1n npodeccopoM B yHMBEpcuTe-
Tax [wxona, Ctpac6ypra, Jlunns, B Beiclueit
HopManbHoi wwkone B [Mapwxe. Cosgan u
sosrnasun B 1888 r. Hay4Ho-uccneposa-
TENbCKUA WHCTUTYT MUKpoGuonorum (HbiHe
MacrepoBckuit unctutyt B Mapwke). Pasge-
NIUN KPUCTafbl COEl MpaBo- U NIeBOBpaLLia-
foleit  POpM  BUHHOM  KUCTIOTbI, OTKPbIB
(1848 r.) aBneHne MonekynApHOM 1 KpUCTan-

NIMYEeCKOW AWUCCUMMETPUM. Y CTaHOBUN U36W-
paTenbHOCTb MUKPOOPraHM3MOB MO OTHOLLE-
HUIO K OMTUYECKUM M30MepaM OpraHM4eckux BelecTe. Mccnegoean npouecc 6poxe-
HWA, CO3/jan METOA MacTEPU3ALIMM U JOKa3aJT HEBO3MOXKHOCTb CAaMO3aPOXKAEHNA XKU3HU.
PazpaboTan y4eHne 06 MCKyCCTBEHHOM UMMYHUTETE W BBEN CUCTEMY BaKLMHALWA Npo-
TMB MHPEKUMOHHbIX GonesHeit. NpesngeHT PpaHLy3cKoro xuMuyeckoro obluecTsa
(1860, 1865, 1869 rr.), uneH lMapuxckoit AKageMUM HayK, MHOCTPaHHbIA MOYETHbINA
4neH MNetepbyprckoi AkageMum Hayk.

CTaJUTBI IBYX BUIOB — y OIHUX HEOOJIbIIAST XapaKTepHasl TpaHb
HaxoJUJIach CIIpaBa, a y Ipyrux — ciena (puc. 1.5).

EMy ymamoch Bpy4HYI0 TTMHIIETOM pa3lelINTh 3TU IBa BHUIA
KpUCTaJIOB, paccMmaTpuBas ux B Jiynmy. CBoiicTBa pacTBOPOB
KPUCTAJIOB M ITOJYYCHHBIX M3 HUX KUCJIOT OKAa3aJIMCh COBEpP-
IIEHHO UAEHTUYHBIMU. VICKIIIoueHre cocTaBuia TOJIbKO UX OM-
TUYECcKas aKTUBHOCTb — pac-
TBOPbI 00JIANaJIM MPOTUBOMO-
JIOXXHBIM BpalueHueM. Ilactep
OOHapyxXuJl, UTO OJHA U3 IO-
JIy4eHHBIX KHCJIOT ObLTa YXKe
nojyyeHHoit  bepuennycom
[paBoOBpallaOLEeil  BUHHOW
kuciaotoil. Bropasi mpeacrtaB-
Jisla cobOif ee OMTUYECKUA
M30Mep — HEM3BECTHYIO paHee

Puc. 1.5. DHanTtHMOMOpbHbBIE KpU-
CTaJUTbl HATPUEBO-aMMOHUEBOM COJTU
JICBOBpAaIIaroyro BUHHYIO BUHHBIX KMCJIOT
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Bucnuuenyc Moxannec
(24.V1.1835—5.XI11.1902)

Pogunca B KneiHexwregre 6nus lanne.
Yuunca B ynusepcutetax Lliropuxa u Manne.
Mpodeccop Lltopuxckoro yHueepcuteta
Bbiciuen TexHuyeckoi wkonsl B Litopuxe ¢
1864 r. B 1872—1882 rr. npodeccop Bropu-
6yprckoro, a ¢ 1885 r. — Jleinumrckoro
yHusepcuteToB. [lokasan, 4TO MONOYHbie
KUCNOTBI, BbIAENEHHbIE U3 MbILLEYHON TKaHM
1 KUCTIOrO MOJIOKa, ABNIAIOTCA M3OMepaMu, 1
BriepBble BbICKA3aSl MACIO O MPOCTPAHCTBEH-
HoM usoMepun. Mccnegosan nsomeputo Ma-

nevHoBoW 1 $hyMapoBOii, KPOTOHOBOW U U30-
KPOTOHOBOW W APYrUX MoAO6GHbIX KUCIOT. PaspaboTan cuHTe3bl Ha OCHOBE aLETOYK-
cycHoro 3¢wupa. lMpeanoxun MeToa CHUHTE3a ANMLMKIIOB MEPErOHKOM KasbLEBbIX
conei AMkap6oHOBbIX KMcnoT. CUHTE3MpOBas FYTapOBYIO U BUHWUITYKCYCHYIO KUCIO-
Thbl. BbIABMHYN NONOXeHMe O 3aTpyAHEHHOCTU BpaLLieHUA BOKPYT MPOCTbIX yriepoa-yr-
NepoJHbIX CBA3ENM.

kucioty. Ilactep mokasasl, 4To BUHOTpaaHasi KUCJIOTa IIpe-
CTaBJISIET CMECh PaBHBIX KOJIMYECTB OOOMX ONTUYECKUX aHTHUIIO-
noB. Takue cMecu cTaau UMEHOBATh payemuyeckumuy (OT JaTUH-
CKOT0 Ha3BaHUsI BUHOTPamHOI K1CIOTH). [TacTep cBsI3bIBAI OII-
THYECKOE BpalllcHUE C TUCCUMMETPUEH MOJICKYI.

M3zyuasa B 1873 r. udoMepHble ONTUYECKN HEAKTUBHYIO (pa-
LIEMHAYECKYI0) MOJIOYHYIO U TPaBOBPAIIAIOLIYIO «MSICO-MOJIOY-
Hyl0» Kuci1oThl, MoxanHec Bucamuenyc nucas, 4To ux pasinyust
«HeNb3s1 UCMOAK08AMb UHAYe, KAK NPUHAS, MO NPUYUHA PA3AUYUS
3aKA0YAeMCs AUWb 8 DA3HOM NPOCIPAHCIMBEHHOM DACNOAONCEHUU
amomos, Coe0UHeHHbIX Opye ¢ OpyeoM 6 00UHAKOBOU NocAedo8a-
meavHocmu» (LUTUPOBAHO 110 [6]). DTa nues 6buta pa3suTa SIko-
oom Banr-T'odpdom, KoTophiit B 1874 r. BBIABUHYJ TUIIOTE3Y O
TOM, 9TO «cpodcmea (m. e. 6aNeHMHOCIU) AMOMO8 yenepooa Moic-
HO U300pazums HANPAGAEHHbIMU K BEPULUHAM Mempa’opa npsimol-
MU, 8 yeHmpe Komopoeo Haxooumcs cam smom amom». Kax cien-
CTBME 3TOU I'MITOTE3bl HEMOCPEACTBEHHO BBITEKAJIO, UTO «K020d
yemolpe cpoOCMEa amoma yenepooa HacvlujeHvl 4emolpoMs paziui-
HbILMU OOHOBANCHMHBIMU 2PDYNNAMU, MOICHO NOAYHUMD 084 U MOAb-
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BanTt-N'ocpd Axko6 Xenapuk
(30.VIII.1852—1.111.1912)

Poaunncsa B Pottrepaame (Fonnanaus). OkoH-
yun lMonutexunyeckyto Lwkony B [endrte
(1871 r.), ctaxvposanca B JleigeHckoM u
BoHHckoM yHuBepcutetax y ®.A. Kekyne u'y
LLIA. Bropua B lMapwxe. OanH u3 ocHoBate-
neit ctepeoxummn. CpopMynmposan ee oc-
HoBHble nonoxenna (1874 r.) ogHoBpeMeH-
Ho ¢ XK.A. J'le Benem u He3asncKMO OT Hero.
Co3pan Mogenb TeTpasapuyeckoro yrnepo-
12, OGBACHUN reoMeTpUHecKyto UUC-mpaHc-
M3OMepuio  OnedUHOBBLIX  COEAMHEHMIA.

Mpenckasan usomepuio anneHos. Buisen oa-
HO M3 OCHOBHbIX YPaBHEHWUIA TEPMOMHAMUKMA
(ypasHeHune BanT-F'odda), a Takke ypaBHeHMe nsotepmbl. CHopMynmMpoBas OCHOBHbIE
MOCTyNaTbl XUMUYECKOM KUHETUKM. 3a/I0KMN OCHOBbI KITACCUYECKON TEOPUM PacTBOPOB
1 TBEpZbIX PaCTBOPOB, BbIBE/ 3aKOH OCMOTUYECKOro AasneHus. YneH MHOrMX akaje-
MU M Hay4HbIX OOLLLECTB, B TOM HMC/IE WHOCTPaHHbINA “rieH-koppecrioHaeHT Metep-
Oyprckoit Akagemun Hayk. Jlaypeat nepeoit Ho6enesckoit npemum no xumum 1901 r.

K0 06a pazauuHbIXx mempas’opa, OMHOCAUWUXCA Opye K Opyey Kak
npedmem u e2o 3epkanvroe ompaxcenue». I1o muenuro Baat-T'og-
(a, «scsaxoe yenepoducmoe coedunenue, Komopoe é pacmeope om-
KAOHsIem NAOCKOCMb ROAAPU3AUUU c8ema, 001adaem maKum acum-
Mempu4ecKum amomom yeaepooa, a ONMmu4ecKy HeaKkmueHble pa-
yemuueckue coeOuHeHus npedcmaeasirom coboil cmecb 08yx
onmuyeckux anmunodoe» (puc. 1.6). D1o mosoxeHue «daem &

Puc. 1.6. AcuMMeTpryecKHrii aToM yriiepoaa, ONTUYECKME aHTUIOAbI U reoMe-
Tprueckue n3omepbl. CripaBa — TeTpasaphl U3 KapToHa, CKICCHHbBIC
Baur-T'odhdom, mepBeie Momenn TeTpasApUUEcKOro yriepoaa, KOTO-
pBIe XpaHSITCS B €T0 My3ee



Jlekyus 1. Ilpedmem opeanuueckoil xumuu,
OCHOBHble IMansl Pa3eUmus

PYKu cpedcmeo npednouecmsv 00HY opmyay Opyeoil, K020a KOH-
cmumyuyusi Heuzeecmua. Hanpumep, ¢ 3moii mouxu 3peHus onmu-
YeCcKU AKMUBHBLI NEePBUUHbIIL AMUA0BLILL CHUPM MOJCem UMemb
moavko 00ny gopmyay — (CH;)(C,H5s) CHCH,OH, a das aumon-
HOUl Kucaomul, He 8paujaroujeil nA10CKOCMy NOASPU3AYUL, U3 08yX
gopmyn A u B credyem npednovecmo 6mopyro»:

4: HOOC —CH(OH) — CH(COOH)— CH,COOH
B: HOOC — CH,— C(OH)(COOH)— CH,COOH

PaccmaTpuBasi coemHeHUsT ¢ KpaTHOM CBSI3bIO, KaK COIep-
JKallle ABa TeTpalsapa, COeAMHEHHbIe Mo pedpy, Bant-T'odhd
JaJ n3oMepuu (yMapoBOil M MaJIeMHOBOU KMCJIOT COBPEMEHHOE
o0bsicHeHue (puc. 1.7).

OnmnoBpeMeHHO ¢ Bant-T'odpdom Gnam3Kme crepeoxuMmie-
ckue uneu copmyarponai 2Koszed Amman Jle beas. Bucnure-
HYyC B cBoeM IpeaucioBuun K padore Bant-T'opda «CtpykTyp-
Hble GOPMYJIbI B [IPOCTPAHCTBE», KOTOpas ObUIa HaleyataHa Ha
dpanuysckom s3bike B 1875 1., a B 1877 1. — Ha HEeMeLKOM, ¢
YVIOBJIETBOPEHUEM IHMCaT: «XUMUS COCIUMHEHUI yriepona cie-
JIajia peayibHBIN 1 BaXXHBIN, OpraHMYEeCKHY 1 BHYTPeHHE HE00X0-
IUMBbIA 1ar Brneped. OH SIBISIETCS JIOTUYECKU MOCIeN0BaTeNb-
HBIM Pa3BUTHEM HAWIYYIINM OOpa3oM OOOCHOBAaHHBIX IIpeI-
CTaBJICHUI U CITY>XKUT UM MOIIEPKKON».

Opnnako uaeu Banr-T'odda u Jle benst BctpeTunu y apyrux
MMEHUTBIX COBPEMEHHUKOB BeChbMa XOJIOAHBIN nipueM. B 1877 1.
Kekyne Hammcana, 4yTo 3Ta TUIOTE3a BOBCE HE 3aCTyXKMBaeT
TOM XBaJibl, KOTOPYIO €l BO3-
maet Bucimuenyc. Ortpuia-
TE€JbHO OTHecCsI K Hel u
A.M. bytnepoB. OcobeHHO
rpy0O BBICTYITAJ IPOTUB 3THUX
uneit Konbbe, KOTOpbIA mH-
can: «Hacrosmmmx mcciemoBa-
Rs Ry R4 R; TeJleli MopaxaeT, KaK MOYTHU

Puc. 1.7. U3omepusi, oOycaoBIeHHAs HEU3BECTHbIC XUMUKH OepyTCs
NBOITHOI cBsA3blo 1o BanT-Toddy TaK YBEPEHHO CYyIUTH O BBICO-

R; R, R, R,



1.3. OcHosHble ucmopuueckue nepuodsl pazgumust
0p2aHU4eCcKOoU XUmuu

Jle Benb XKosed Awmnb

(24.1.1847—6.VI111.1930)

Poauncs 8 Mewens6ponte (Snb3ac). OkoH-
yun Monurexuuyeckyto wkony B [Mapuxe
(1867 r.), pabotan y LLL.A. Biopua, a 3atem B
cobcTBEHHOM NabopaTopun B pOAHOM ropo-
ae. OanH 13 cospaterneil OCHOB CTEpPeOXu-
Mun, cpopmynuposan (1874 r.) ee rnaBHbie
NOMOXEHNA OAHOBPEMEHHO U HE3aBUCUMO OT
AX. Bant-lodda. Monyumn nepeoe ontu-
Yecku aKTMBHOE COoeAMHEeHWe aMMOHWA. Yua-
CTBOBas B yCTAHOBJIEHUM CTPOEHWS ManenHo-

BOW 1 yMapoBOIi KUCTOT.

yaiiiiei nmpoobjaeMe XMMUU — BOIIPOCE O MPOCTPAHCTBEHHOM MO~
JIO)KEHUM aTOMOB, KOTOpBIN, TOXKayii, HUKOTraa He OyaeT pe-
IeH!»

OnTtuyeckue (M TEOMETPUIECKUE) U30MEPBI HE Pa3IMuMMBbl
MpU ONMMCAHUU UX CTPYKTYp Ha TOITOJIOTMYECKOM ypoBHe. Mx
rpagbl oaMHAKOBHI. ISl onycaHus UX pa3iuyuil HEOOXOAUMO
MepeiT Ha HOBbI reOMEeTpUYECKU YpoBeHb. ['eomeTpun 3Tux
M30MEpOB pa3IuIHEL. JlanpHelilnee pa3BUTHE HAyKU OJIeCTSIIe
noaTBepawio BeiBoabl Baut-T'odda u Jle bens. B TeueHue Ko-
POTKOI0 BpEMEHM ObLIM OTKPBITHI W JAPYTUe TUITBI XMPATbHBIX
OPTraHUYECKUX MOJIEKYJ, B TOM YMCIIe XUpaJIbHbIE aJl/IeHbl, CO-
JepxKalye XUpaJIbHyI0 OCh, MHOTHE COCIMHEHMS, COMepKaIIIre
XUPAIBHYIO IUIOCKOCTD, a TAKXKE XUPAJbHBIC CITUPATbHEBIC MOJIE-
KYJIbI (TEJIULIEHBI).

Krnaccuueckasi cTpyKTypHasi T€OpMsl IO CYIIECTBY CBOEMY
SIBIISIETCST heHomeHon0eueckol. OMupasich Ha Psii TTOCTYJIaTOB,
OHa TTO3BOJIIUIA YIIOPSIOYUTh M CHUCTEMATU3MPOBATh SKCITCPU-
MEHTaJIBHBIN MaTepHay opraHmdyeckoit xmmum. I[lpmpoma Tex
CWJI, KOTOPbIE CBSI3bIBAIOT aTOMBI B MOJIEKYJIaX, B paMKax (peHo-
MEHOJIOTMYECKOI MOJeIu He paccMaTpuBaeTcs. [lepBbie 11ecThb
TMOCTYJIATOB, KOTOpble OBbLIM C(OPMYIMPOBaHbBI K Hadaly
XX cTonmeTusl, TIacsT:

1) mo0yi0 MOJIEKYJTy MOXHO MPEACTABUTh KaK COBOKYII-

HOCTb aTOMOB Pa3JWYHOIO BHIA, COCTUHEHHBIX APYT C
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JIPYTOM B oTpenesieHHoM Topsiike. [1pu aTom Besikoe op-
TaHWYECKOEe COeNMHEHNE UMEET eNUHCTBEHHYIO XUMMUe-
CKYI0 (hopMyITy, OTpakalollyto 3TOT MOPSI0K;

2) xumuueckue U (pu3nuecKre CBOMCTBA BELIECTBA MOJHO-
CTBIO OTPENETSIOTCS MOJIEKYISIPHBIM CTPOCHUEM;

3) KOJUIEKTMBHOE B3aMMOJCIICTBME aTOMOB B MOJIEKYJe
MOXHO OIMKCATh KaK COBOKYITHOCTb B3aMMOJIECTBUI OT-
JIEJIbHBIX TIap aTOMOB,

4) kaxnblii aToM 00J1aJaeT CIIOCOOHOCTbIO OOpa30BHIBATH
JIMIIb OMPEAESIEHHOE Ues0e YUCIO XUMUIECKUX CBSI3ei,
YTO OTpenensieTcs ero sarenmuocmoio. Oda aroma, odpa-
3YIOIIMX XUMHWYECKYIO CBSI3b, 3aTPAuMBaIOT Ha HEe OJu-
HaKOBOE U Ke.10e YUCIIO eNMHUILL CBOETO CPOACTBA.

Obpamume ocoboe 6HUMaHUe UMEHHO HA 2MOM HOCHYAAM.
Bckope nam npudemcs 6eprymucsi K Hemy 6H08b!

5) XuMwuueckue CBSI3U MOTYT OBITh TTPOCTHIMU (OpAMHAPHBI-

MU) ¥ KPaTHBIMU (IBOMHBIMU, TPOWHBIMU);

6) Xumuueckue CBSI3M UMEIOT OMpeNeieHHYIO HampaBjieH-
HOCTb B TPOCTPAHCTBE, a TMO3TOMY Kax/aas MoJeKyjia
HMIMEET CTPOTO OTIPENEICHHYIO TEOMETPUIO.

[TonbITKY TIpUAATH KJIACCUYECKOW CTPYKTYPHOU TEOPUU KO-
JIMYECTBEHHBIN acIeKT MPeANPUHUMAINCh MHOTUMU XUMMKa-
mu. Onupasicb Ha MOJEJb MapHbIX B3aUMONEWUCTBUI, MHOTHE
ABTOPBI MMOJIATAIU, YTO KaXK/bI aTOM U KaXIYI0 NBYXIIEHTPOBYIO
XUMUYECKYI0 CBSI3b MOXHO OTHMCATh OMpeneIeHHbBIM HAa0OpOM
WHKPEMEHTOB, 00J1aIaloINX CBOMCTBOM TpaHCchepadeTbHOCTH,
T. €. TIEPEHOCUMOCTU M3 OHOI CTPYKTYphbl B Apyryioo. Hampu-
Mep, OHU MoJIarajiv, YTo JIMHY CBI3UM X —Y MOXHO TpeacTa-
BUTh KaK CyMMY BJIEHTHBIX PaanycoB aTOMOB X U Y, AUIIOJIb-
HBIi MOMEHT MOJIEKYJIBI MOXKHO ONKUCAaTh KaK BEKTOPHYIO CyMMY
MHKPEMEHTOB, XapaKTePU3YIOIINX OTJEJIbHbIE CBSI3U, a SHEPTUIO
CBSI3U B MOJIEKYJIe — KaK CyMMY 9HEPTUI OTAEIbHBIX XUMUUE-
ckux cBsa3eit B Held. [Ipu aToM cpasy ke BhISICHWIOCH, YTO TaKast
MpOCTeiiIast MojieJIb He TIPOXOIUT, HO €€ MOXHO CYIIECTBEHHO
YAYYIIUTb, €CIU AJIsSI KaXI0U Mapbl aTOMOB y4YeCTb €€ OJvKaii-
mee u 6osiee nanbHee OKPYXKEHUE, T. €. BBECTU K MHKPEMEHTaM
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ITOTIPaBKH, OMUCHIBAIOIINE 3TO OKpYXeHne. Tak B CUCTeMY I10-
CTYJIaTOB ObUT BBENICH €I1I¢ OMH:

7. mapHble B3aMMOIEMCTBUS ACJSITCS Ha IBa TUIIA: IIaBHbIE
(«cuIbHBIE») B3aUMONIEWCTBUS, TN XUMHYECKHE CBSI3U, 1
JIOTIOJIHUTENIbHbIE  («Ca0ble») B3aUMMOJEUCTBUSI HEMo-
CPEICTBCHHO HE CBSI3aHHBIX aTOMOB.

C y4eToM TaKUX JOTIOJIHUTEIbHBIX B3aUMOJCHCTBUI aTOMOB,
pasneaeHHbIX IBYMS U OOJIbIIMM YUCIOM CBSI3el, yaaBaaoCh Mo-
JIYIUTH TI0 aJJIUTUBHBIM CXeMaM OIICHKU SHePTruil 00pa3oBaHMs
MOJICKYJI ¥ TEOMETPUUIECKUX IMapaMeTPOB C YIOBJICTBOPUTEIIb-
HOI TOYHOCTBIO. DTO HAIIpaBJICHHUE B TeUCHUE psima jeT B Mo-
CKOBCKOM YHUBepcuTeTe pa3BuBai npodeccop B.M. TareBckuii,
B KHUTE KOTOpOro [7] U MOXHO HaWTU ero IMocjeaoBaTesibHOe
U3JIOXKEHUE.

Memoouueckuii apcenans OpTaHNIESCKON XUMHUH B TICPUOI CTa-
HOBJICHUS U Pa3BUTHUsSI CTPYKTYPHOI TEOPUHU CYIIECTBEHHO pac-
MIMPWICS U YIYYILIUJICS 10 CPAaBHEHUIO C MPEIIIECTBYIOLINM I1e-
pyuomoM. bBBUIM  yCOBEpIIEHCTBOBAHBI METOIBI  BBIIEICHUS,
OUYMCTKU Y UACHTU(UKAIINY BEIIECTB, a TAKKE METOJIbI KOJINYe-
CTBEHHOTO aHanu3a. ToyHoe ompeneneHne (pu3niIeckrux xapak-
TEPUCTUK, TaKUX KaK TeMIIepaTyphbl IUIABICHUS U KUIICHUS,
IJIOTHOCTD, MOKa3aTesIb MPeJOMIICHHUS, CTaJl0 HOPMOI B omuca-
HUM BellecTB. B cooTBeTCcTBUM € TJ1aBHOM uaeeil bytinepoa oc-
HOBHBIMU METO/IaMU OTIPENIEICHUSI CTPOSHUST CTaJT! METOJIBI TIO-
CJICIOBATENIbHOM JIeTpamaiiy CIOKHBIX MOJIEKYJI 10 OoJiee Ipo-
CTBIX M METOJIbI «<BCTPEYHOTO» CUHTE3A.

Opeanuueckuil cunme3 cman OCHOBHbIM HANPABAEHUEM UCCAe-
doeanuii. beiiyu pa3paboTaHbl OCHOBHBIE METOIbl MOCTPOEHUS
YIJIEPOIHBIX CKEJICTOB, BBEACHUS U TpaHCHOpMauy (DyHKIINO-
HaJIBHBIX TPYII, OIMMCAHBI U TPOaHAIM3UPOBAHBI 3aKOHOMEP-
HOCTH TIPOTeKaHUS XUMUYECKUX peakiuii. B aTotr mepuon B na-
0opaTopusiX ObUIM TMOJYYEHBI THICSUM BEIIECTB, OTHOCSIIIIMXCS
KO BCEM KJ1accaM MOHO- 1 TIOJIM(YHKIIMOHAIBHBIX COSTMHEHUA.
W3 mpupoIHBIX UCTOYHUKOB OBIIN BBIIEICHBI M OXapaKTepHU30-
BaHBI OCHOBHBIE TUITBI CJIOXKHBIX OMOMOJICKY.
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Hmenno 6 smom nepuod Hamemuaucy 3amemmuole UsMeHeHUs 8
cmpykmype opearuyeckoil xumuu. Hauanoce ghopmuposanue 6 ueii
KPYNHBIX CAMOCMOSMENbHbIX 001acmell, MAKuX KaK Xumus Hegpmu,
XUMUsl yeneeo0oe, Xumus emepouuKAuecKux coeOUuHeHuil, Xumus
Kpacumeneil u op.

TTonyyeHHbIE XUMUKAMU-OPraHUKAMU B 9TO TIEPUOJ 3HAHUS
MOCTYXWUJIM OCHOBOM CO3JaHUsT OOJILIIOTO YMCc/a XUMHUYECKUX
TEXHOJIOTUIA ¥ OBICTPO pa3BUBAIOLIECHCS XUMUYECKOM TTPOMBIIII-
JIEHHOCTH.

1.3.3. Ilepuoa pu3uveckoii OpraHMIECKOii XUMHH
(1914 r. — cepenuna 80-x rr. XX B.)

[Mepwrom, 0XBaTEIBAIOIINIA IBE MUPOBBIC BOWHEI, CTAJT KJTIOUEBBIM
B CTAaHOBJICHMU COBPEMEHHOI OPraHMYECKON XMMUM U B 3aBEpP-
LLIEHUY MTOCTPOeHUST e¢ OCHOB. COTHM OJIECTSIIMX YYEHBIX BHEC-
JIN CBOM BKJIAJ B 3TY TMTAHTCKYIO pab0oTy. MBI TTO3HAKOMUMCST
CO MHOTMMH M3 HUX B CJICAYIOIINX JICKIIMSIX 3TOTO Kypca.

BcaencrBue mouwnoeo mexcoucyunaunaproeo e3aumodeiicmeaus
C Qu3uKol U Mamemamuxoli TIPOU3OLLIO noAHOe 00HOBAeHUe Me-
moouuecko2o apceHasa NUCCICIOBAHNN CTPYKTYPHI M peaKIIMOH-
HOM CIOCOOHOCTM OpraHMYecKuX coeluHeHui. B ero ocHoBy
JIETJIM METOMAbI CIIEKTPOCKOIMU BCEX BUAOB, MacC-CIIEKTPOMET-
pYH, PEHTTEHOCTPYKTYPHOTO aHajlnW3a W MHOTHE Apyrue. Pas-
JIMYHBIE BUIBI XpOMATOrpacdM CTaJIi OCHOBHBIMH METOIAMU
aHaJIM3a, pas3aeeHusl, OYUCTKU U MICHTU(UKAIIMY OpraHuye-
CKUX BEIIEeCTB.

HecMoTps Ha TO 9YTO CMHTETHMYECKUE UCCIICIOBAHNSI, B TOM
YuciIe pa3paboTKa HOBBIX CUHTETUYECKUX METONIOB, IMPOMIOJI-
KaJIMCh HEOObIYaltHO IIMPOKUM DPOHTOM, 21a8HbIM HaNpasie-
HUemM 6 3mom nepuod CMAHOBUMCS U3YHeHUe MEXAHU3MO8 XUMU-
YecKUx peakuull u NOCMpoeHue meopuu, KOmopas Onucvléaem
€6513b PEAKYUOHHOU CNOCOOHOCMU 0P2aAHUHeCKUX COeOUHeHUT C UX
cmpoeruem. 31eCh U ObUIM MOJYYeHbl HauboJiee BaXKHbIE pe-
3yJIbTATHI.
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BMmecte co criekTpocKonmell B XMMUIO TIPHUIIIa KBAaHTOBasI
MexaHnKa. briecTsmas 1iesma ¢U3NKOB CTOSIa Y €€ UCTOKOB.
Bort 3T Benmmkie nMeHa.

Huavc bop, ynoctoeHHbli1 HoGeneBcKoit mpemMuu 1o ¢pusnke
B 1922 1. «3a 3aC/yTU B U3yUYEHUM CTPOECHMST aTOMOB U UCITyCKae-
MOTO UMU U3TYICHUS».

JIyu de Bpoiias, nonyuusimii HobGeneBcKyro mpeMuto no du-
3uKe B 1929 1. «3a OTKpBITHE BOJHOBOI MPUPOABI JEKTPOHA».

Bepnep Ieiizenbepe, xoTropoMmy Oblia npucyxneHa HoGenes-
ckas TipeMust 1o ¢usuke B 1932 1. «3a yyacThe B CO3MaHUM
KBaHTOBOU MEXaHUKMW».

Apeun Illpedunzep v Iloav qupax, COBMECTHO TIOJYUMBIITNE
HobGeneBckyto npemuto no ¢usuke B 1933 r. «3a cozgaHue HO-
BBIX TTIPOAYKTUBHBIX (POPM aTOMHOIT TEOPUM».

Maxkc bopn, ynocroennbiii HobeneBckoii mpeMun 1mo usm-
Ke B 1954 1. «3a pyHImaMeHTaIbHBIC UCCICIOBAHMS TI0 KBAHTO-
BOI MeXaHWKe, OCOOEHHO 3a CTATMCTMYECKYIO MHTEPIIPETAIINIO
BOJIHOBOM (DyHKIIMM».

B 1916 r. Banbrep Koccenb cchopmynrpoBai nepBbie Mpei-
CTaBJiecHUSI 00 3JIEKTPOHHON IIpUpoAe MOHHON XUMHIECKOM
cBs3u, a JIxunsoep JIbIOWC BHIIBUHYII TIPEAITOIOXEHUE O TOM,
YTO B 00pa30BaHUM OAMHAPHON KOBaJ€HTHON XUMUUYECKOI CBSI-
31 IPMHUMAIOT yYacTre IBa 3JIEKTPOHA — MO OMHOMY OT KaXI0-
T0 U3 B3aMMOACHCTBYIONINX aTOMOB. OTHAKO 3Ta BaKHAs TUIIO-
Te3a OCTaBJIsUIa 0e3 oTBeTa (hyHIAMEHTAJIBHBII BOIIPOC O TOM,
KaKoBa IpHUpoaa 3Toro B3amMopeiicTBusi. OTBET Ha HETO OBLT
naH B 1927 1. B padote B. I'eiitinepa u ®. JIoHgoHa, KOTOpbIE BbI-
MOJIHWJIM TIEPBBIM pacueT CTPOECHUSI MOJIEKY/IsipHOro MoHa H3
1 MOJIeKyJibl Bompopona H, Ha ocHOBe KBaHTOBOI MeXaHUKMU [8].
B HeM ObUIM TIOTYYeHBI MpaBUIbHBIE MO TMOPSAKY BEIWYUHBI
3HAUEHUs SHEPIUU CBSI3U M MEXATOMHOIO PAcCTOSIHUS. DTOT
BBIIAIOIINICS YCIIeX TTOJIOXIUT Ha4yaja0 KBAHTOBO XMMUM U OT-
KPBUI ITYTh K UCCJICIOBAHUIO TIPUPOILI CBSI3U B 00JIee CITOXKHBIX
MHOTOATOMHBIX MOJIEKYJIAaX, XOTSI TPYAHOCTHA TOYHOTO pEIICHUS
CHUCTEM YpaBHEHHWI, BO3HMUKAIOIIME IMPU MPOBEACHUM TaKMX
pacyeToB, B 3TO BpeMsI Ka3aJIUCh HETIPEOMOIUMBIMU.
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Taxum obpaszom, B cepenmHe 30-X IT. IIPOIIIOTO BeKa B opra-
HUYECKON XMMUU Hapsay ¢ (PeHOMEHOJOTUYECKON CTPYKTYp-
HOW Teopuell TOsIBUJIACh HOBASI 91eKMPOHHAS Meopust CIMpoeHUs
MoaeKya, OCHOBAHHAsl HA KBAHTOBOW MEXaHUKE.

Bascno nonumams, umo mexncdy xaaccumeckoii u 34eKmpoHHOl
meopusamu cmpoeHuss MOACKYA CYyuW,ecmeyen npuHuuUnuaiIbHoe pas-
auque. B xeanmoeoii meopuu npu onucanuu cmpykmypol MOAEKY1A
He ucnoav3yrmes npeocmasieHuss 06 amomax u A0Ka1U308AHHbIX
ces3ax mexcoy numu. Moaexyaa paccmampueaemcs 6 Hell KaK co-
GOKYNHOCHb AMOMHbBIX 50ep, OKDPYNCCHHbIX 0000UeHHbIM 3.1eK-
mpounbim o6aaxom. Pacnpedeaenue snexkmponnoli niomuocmu 6
Mo.aeKyae u onpedeasiem ee 2e0Mempulo U ceolicmaed.

HecMoTps Ha 3TO oTUeT/IMBOE pa3jinuyue B OCHOBaX, CUMOKO3
JIBYX TEOPUI OKazaJicsl UCKIIOUUTEIbHO TI0A0TBOPHBIM. C000-
11IECTBO XMMUKOB-OPIraHUKOB C 9HTY3Ma3MOM OCBauBaJIO HOBbIE
3JIEKTPOHHbIE MPEICTABIECHUSI, KOTOPbIE U COCTABUJIM TEOPETU-
yecKuil ¢yHAaMEeHT OOHOBJEHHOU CTpyKTypHOUl Teopuu. Oc-
HOBHBIE TIOHSITUSI CTPYKTYPHOWM TEOPUU, KOTOPBIE SIBJISIIOTCS OM -
KpblmbiMuy TIOHSITUSIMU (O CMBICJIE 9TOTO TepMUHA U 00 0OCOOEH-
HOCTSX TIOHSTUMHOrO amnmapara XWMUM OyaeT CKa3aHo
HECKOJIbKO T033Ke), HAaIOJIHUJIMCh HOBBIM cofiepxkaHneM. KoBa-
JIEHTHAasl XMMWYECKas CBSI3b CTajla IOHUMAThCSl KaK mapa 3JieK-
TPOHOB, HaxXOASIIAsICSd B OOIIEM IOJb30BAHUM ABYX aTOMOB.
JIBoiiHas M TpoliHas CBSI3M TPAaKTOBAJIMCh KaK OJHOBPEMEHHOE
COBMECTHOE MCII0JIb30BAHUE ABYMSI aTOMaMM IBYX U TPEX DJIEK-
TPOHHBIX TTap COOTBETCTBEHHO. MHOTOUMCIIEHHbIE JaHHbIE (hU-
3UKO-XMMUYECKUX IKCIEPUMEHTOB SICHO MOKAa3bIBAJIU, YTO Ja-
K€ B MPOCTBHIX NBYXaTOMHbBIX MOJIEKYJIAX SJEKTPOHHAsS TUIOT-
HOCTb pacIpenessieTcsl MeXAy ABYMsI B3aUMOAECHCTBYIOLIUMU
aToMaMM HepaBHOMepHO. Eciu 3TH aTOMbl HEOAMHAKOBBI, KaK
noJiaran yxe JIptouc, oHa Bceraa cMellleHa B CTOPOHY OJHOTO U3
aTOMOB, YTO TPUBOIMUT K TTOSIBJICHUIO IMITIOJBHOTO MOMEHTa
MOJIeKyJIbl. B KauecTBe XapaKTepUCTUMKHU, OMMCHIBAIOIIECH Cro-
COOHOCTM aTOMOB TIPUTSITMBATh WJIM OTAABAThb JIEKTPOHbBI MpU
oOpazoBaHUM XUMUUYecKux cBs3eit, JI. [TonuHr BBen npencras-
JieHue 00 ux ssexmpoompuyamenvHocmsax. Eciv pa3HOCTb 371eK-
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TPOOTPHUIIATEIIFHOCTEI aTOMOB
OYECHb BEJIMKA, BJICKTPOHHAS
napa TOJHOCTbIO TEepPeXOaUT
BO BJIaJICHUE OJHOTO U3 HUX, U
o0Opa3syeTrcs mapa IPOTUBOIIO-
JIOXXKHO 3apsiKEHHBIX HOHOB.
Takum o0Opa3zom, HMOHHasI U
KOBaJICHTHAs CBS3M IIPEICTaB-
JIIIOT o000 IBa npenebHbIX Puc. 1.8. beH30JbHbBII  ITUKIA TPU-
cryuas, a Gobumriro rere-  SCr &4 Ko s e vy
POATOMHBIX XUMMYECKUX CBSI-  sa7ume nambi

3¢if OKa3bIBaeTCA HMOASAPU30-

BAHHBIMU.

Kiaccmaeckast cTpyKTypHas TeOpUs UCTIBITBIBAJIA 3HAUYNUTETb-
HbIE TPYIHOCTH MPU OMTUCAHUN MOJIEKYJI C IeJIOKATU30BaHHBIMU
CBSI3IMU. B yacTHOCTH, CTpoeHHE M CBOMCTBA apoOMaTUYeCKUX
coenMHEeHUi 0EH30JIbHOTIO Psiia He MOIJIY ObITh aIeKBaTHO IPeI-
CTaBJICHBl CTPYKTYPHBIMU (hOPMYJIaMU C JIOKAJIM30BaHHBIMU
TIBYXIICHTPOBBIMU CBSI3sIMH. Kak M3BECTHO, TIEPBYIO ITUKIIMUEC-
ckyto opmyny 6enzona npemnoxun O.A. Kekyne. MHorue yue-
HbIE JIOMaJIM TOJIOBY Hal 3TOM CTPYKTypoi B 60-X TIT. mo3anpo-
uioro Beka. CornacHo sierenae @.A. Kekyie nmpucHuics 6eH30-
JIbHBIM 1IMKJI B BUZIE ILIECTU MAPTHILIEK, AEPKAIIMX IPYT Ipyra 3a
3amHMe Jamnbl (puc. 1.8).

[Tocne atoro dopmyna Kekyne mis GeH3o0Ma B ee TpaguiIv-
OHHOM BUJIE C YePEIyIOIIUMUCI TBOMHBIMU U IIPOCTHIMU CBSI35I-
MU YTBEpAWUJIACh B OPraHUYECKON XUMUM HA MHOTHE ronbl. Of-
HaKO IOBOJILHO OBICTPO CTaJIO SICHO, YTO 3Ta CTPYKTypa MpOTU-
BOPEUYUT MHOTUM 3KCIIepUMEHTaJIbHBIM (hakTam. YepenoBaHue
MPOCTHIX M ABOMHBIX CBsI3eit B dopmyne Kekyrne 3acTaBisio
MIpeaIoaaraTb, YTo B 3TOM MOJIEKYJIe IOJDKHBI YepeaoBaTHCS
MEXaTOMHBIC PACCTOSHUS, XapaKTepHBIC UIST TIPOCTBIX CBSI3eit
C—C (1,54 A) u nBoitbIx cBsizeit C=C (1,32 A).

Oka3zajioch, UTO B ACHCTBUTEBHOCTU OEH30J1 MpeACTaBisIeT
c0o00Ii TTpaBUJIbHBIN IIECTUYTOJbHUK, B KOTOPOM BCE PacCTOsI-
HUST MEXIY aToMamu yriaepona coctasmsiior 1,40 A. Benson He
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00HAPYXXMBAeT CKIOHHOCTH K pPEaKIUsSIM TPUCOCTUHEHUS IO
IBOWHBIM CBSI3SIM, CBOMCTBEHHBIM oJieprHAM. TeruioTa Tuapu-
poBaHUs OeH30JIa OKa3ajach Ha 39 KKaji/MOJb MEHBIIE, 4eM
MPEICKA3bIBACTCSI 10 ANIUTHBHOM CcXeMe IJIST IIUKINIECKOTO
TpueHa. Yucao u30MepoB ST TU3aMellleHHbIX OEH30JI0B U CO-
CTaB MPOAYKTOB UX 030HOJIM3a TakKe MPOTUBOpeYaT hopmyJie ¢
YepenyrIIMMucs cBI3sIMU. Tak MmoTepries Kpax 00uH U3 e1aeHbix
nocmynamoe 0pmooOKCANbHOU CMPYKMYPHOU meopuu — npeo-
cmaenerue 0 10KaANU308AHHBIX 08YXUECHMPOBBIX CES35X 6 OpeaHuUYe-
CKUX Moaekyaax. BeICTpo HaKaIIMBAIMCh U ApyTHe (haKThI, TIPO-
TUBOpeYallie 3TOMY TocTyjaTy. B dacTHocTH, 0cOOeHHOCTH
CTPOEHUSI U PeaKLIMOHHOM CcrocoOHOCTU 1,3-AMEeHOB U APYrux
TMOJOOHBIX CUCTEM HE OIMMCHIBAJINCH CTPYKTYPHBIMU (PopMyIta-
MM C JIOKQJIN30BAaHHBIMU CBSI3SIMU.

OnvH U3 BapMaHTOB OMMCAHUS TaKUX MOJEKYN MPEITOXIII
JI. Tlomuur. Ero monorpacdus «I[Ipupoga XuMmu4eckoii CBSI31»,
TepBoe U3NaHNe KOTOPOI TToSTBUIIOCh B 1939 1., a pycckuii mepe-
Bom — B 1947 1. [9], BEIIEp:KajIa HECKOJIBKO TIEPeM3IaHII U OKa-
3aJ1a TIIyOOKOE BIMSTHUE Ha Pa3BUTHE TEOPETUICCKON XMMUM BO
BceM Mupe. B Heit aBTop pa3Buil kouyenyuro pezonanca. CyTh ee
OH HATIJIIIHO JEMOHCTPUPYET Ha MpHUMeEpe MOJEKYJIBI 3aKUCH
azora N,0. O6patuMcs TnpssMo K Tekcty KHuru ([9], c. 129):

«DTa MoJIeKyla JUHEeHass ¢ aTOMOM KHCJIOPOJa Ha OZHOM
KoHile. OHa CcomepXUT 16 BaJEHTHBIX 3JIEKTPOHOB, KOTOPBIE
MOXHO PACITOJIOXUTh OTHUM M3 CJCIYIOIINX IBYX CIIOCOOOB:

o.. @ .. [
IN=N=0: CNEN—gi
A B

Kaxnast U3 aTuX CTPYKTYp COAEPKUT 4 KOBaJIEHTHBIE CBSI3U
(cumTast IBOITHYIO — 3a IBE, a TPOIHYIO — 3a TpH). 3apsiabl IIPO-
TUBOIIOJIOKHOTO 3HAKA HAXOASATCS Ha COCETHUX aToMaX. MOXHO
HapucoBaTh elle U APyrue CTPYKTYphl, HO BCE OHU OyayT ropas-
1o MeHee cTabuabHbI, yeM A u B. Ho oTnaTe npenmnoyreHue Ka-
KOIi-11u00 ofgHOM 13 cTpYyKTYp A u B Henb3s. I1o xapakTepy cBo-
€My OHM HACTOJIbKO OJIM3KU, YTO MEXIY HUMU HE MOXET ObITh
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3aMETHO pa3HULIbl B 9Heprusix. OQHAKO 3aKUCh a30Ta — 3TO He
CMeCh TayTOMEPHBIX MOJIEKYJI, OMHU U3 KOTOPHIX UMEIOT CTPYK-
Typy A, a apyrue — B. HanpoTus, Bce MOJEKyJIbl UMEIOT OAMHA-
KOBYIO TEOMETPUIO U JIEKTPOHHYIO CTPYKTYpY, HO 3Ta MOCeN-
HSISI TAKOBA, UTO He Moxcem 0bimb npedcmasiena KaKkoiu-aubo 00-
HOUi 6aA1€HMHOI CXeMOli ¢ A0Kaau308annvimu ceszamu. Q0naxo ee
MOJNCHO 00CMAMO4HO XOPOWo NPeocmasums ycpeoHeHuem 08yx
IMUX CXeM, G3MbIX C ONPEOeACHHBIMU CIMAMUCTMUYECKUMU 6eCa-
mu. Moxcno ckazambv, 4no 0CHOBHOE COCMOsIHUE MOAEKYabl Gydem
Ccoomeemcmensantv «pe3oHancy» mexcoy cmpykmypamu Au B, ko-
mopsie MbL Gy0em UMEHO6AMb <«Pe30HAHCHbIMU CHPYKMYpPaMiL».

TepmuH pesonanc J1. IlonuHr 3aumctBoBan y B. I'elizenbep-
ra, KOTODBI BIIEpBbIE WMCITONIB30BaJ €ro MpH HUCCIeIOBaAHUU
KBaHTOBBIX COCTOSTHUI aTOMa Trejivst. DTOT TEPMUH OTHOCUTCST K
BOJIHOBBIM (DYHKIIMSIM KBaHTOBBIX cucTeM. DyHIaMeHTaIbHbIE
MPUHIIUIIBI KBAHTOBOM MEXaHUKU [JIACAT, YTO UCTUHHOM CTPYK-
TYPOIl OCHOBHOI'O COCTOSIHMSI CUCTEMBI SIBJISIETCS Ta, KOTOPOM
COOTBETCTBYET MUHMMYM ITOJIHOM SHEPTUM. DTY SHEPTUIO MOXK-
HO paccuuTaTh, MCIOJIb3YS TOYHYIO BOJIHOBYIO (yHKIMIO W.
Ecan @, u @, — aBe cCOGCTBEHHbIE BOJHOBbIE (DYHKIIUU CHUC-
TeMBbI, TO JIo0as JuHelHass KOMOMHAIUs BTUX (GYHKLUIA
W, =ap, + b, TakKe sBISIETCS €€ BOJHOBOW (pyHkumeil. Ba-
peUpys KO3(hGUITUEHTHI @ U b, MBI MOXXeM HaWTH TaKoe 3Hade-
HHUE MX COOTHOLIEHMS, IIPU KOTOPOM DHEPTHUsI CUCTEMbI MUHU-
MajibHa. CooTBeTCTBYIOLIAsE BOJMIHOBas (yHKLMs W, Mpu 3TOM
OyneT HaWIydylIUM NPUOIKeHUEeM K TOYHON BOJTHOBOM (DYHK-
uu cucteMbl. I[1ycTh @ 1 @, COOTBETCTBYIOT IByM CTPYKTYpaM
A u B coorBeTcTBeHHO. ECmit /b BenMKo, TO OCHOBHOE COCTOSI-
HME CUCTEMbI JOCTATOYHO XOPOLLO MPEACTABISIET CTPYKTypa A, a
ecau a/b mano — 1o cTtpykrypa B. Eciu ke a/b o nopsiaky Be-
JIMYUHBI OJIM3KO K 1, TO JIMIIL CYNEPHO3UILIMS CTPYKTYp A U
B mpaBWIBHO OMUCHIBAET CTPYKTYPY OCHOBHOTO COCTOSTHUSI.
B TakoM ciydyae B KBaHTOBOM MeXaHUKE ObLIO IPHUHSITO TOBO-
pPUTh, YTO CUCTEMA pe3oHupyem MexXny CTpykTypamu A u B win
MeXIy GYHKUMSIMU @) U @,.
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M3 KOpoTKOTrO 00CYKIeHUsI, TIPUBEICHHOTO BBIIIE, COBEP-
IIEHHO SICHO, YTO CaMa «meopusi UAU KOHUeNnyus Pe30HaHca» B
MPUMEHEHNH K MOJIEKYJIaM MMeJla SICHBIA (PU3MIECKUIT CMBICIT.
DTOT MOIXOH, SIBJISIOMINIACI HEKOTOPO MaTeMaTHYeCKOil ad-
CTpakIIyeil, OTKPBUI ITyTh IS pacyeTOB DHEPIUIl, TEOMETPUI 1
CBOIMCTB MOJIEKYJI C ITOMOIIBIO METOJa, Ha3BaHHOTO Memodom
saneHmuuix cesazeil. I3 3Toro oocykaeHust TakKXKe SICHO, YTO meo-
pUsl pe3oHaHca He 3aTparuBaeT OCHOBHOE MOJIOXEHME Klaccuye-
CKOIl CTPYKTYpHOI TEOPUM O TOM, YTO CTPOCHHUE MOJIEKYJIbI
MOXHO IPEICTaBUTh €IMHCTBEHHOM CTPYKTYPHOI (DOpPMYIIOii,
OTpakarlleil MOPSIOK CBSI3BIBAHWSI aTOMOB B MOJIEKYJIE, IIO-
CKOJIBKY Pe30HaHCHble CMpyKmypbl B HEW UCIIONB3YIOTCS TOJBKO
IJIST OTTMICAHUST pacTpenesIeHNsT JIEKTPOHHOM TI0THOCTH. CHUM-
BOJIMKA Pe30HAHCHbIX CIPYKMYP UCTIONB3YETCSI U B COBPEMEHHOM
nuteparype. Hampumep, CTpoeHHME MOJEKYJbl ITPOCTEMIIEro
a,B-HempenenpbHOro anpaeruna (akpojenHa) TakKe MOXHO
TPeaCTaBUTh ABYMs pe3oHaHCHBIMU cTpykTypamu C u D. Cno-
COOHOCTH aKpoJIeMHA TIPUCOCIUHSATHh 3JICKTPO(MUIbHBIE U HY-
KJIeO(MITbHBIC PeareHTHI B 1,4-TT0JI0XKEHUS TIPUHSATO OOBSICHSITH
TeM, UTO «pe3oHaHcHas cmpykmypa D 0as samoeo coedunenus
npedcmasnena 60AbUUM 8ECOM».

H_ _H H H
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XOT$ MONaBJISIIOIIMM OOJBIIMHCTBOM XMMUKOB B MUpE Tep-
MUHBI Pe30HAHC W Pe30HAHCHble CMPYKmypsl ObUIM TIOHSTHI U
TIPUHSITH ¢ PHTY3Ma3MOM, B HaIlleil CTpaHe OHM MOCIIYKWIH T10-
BOIOM JUISI OpPTaHM3allMM OTBPATUTEJIBHOTO ITOJIUTUYECKOTO
dapca, o0 KOTOpOM ST pacCKaxKy majee.

Dopmanusm 1 rpacdudecKas CMMBOJIMKA TCOPUU Pe30HaHCa
HE SBIISIIOTCS eMMHCTBEHHBIMU CPENCTBAMU JIJISI OTOOpaXKeHUsI
HEpaBHOMEPHOCTU pacIpele/IeHUsT 2JIEKTPOHHOM TUIOTHOCTH
MEXIy TeTepoaToMaMu, COIPSIKEHUS] KPaTHBIX CBSI3EH U TOJ-
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HO IeJTOKaIN3alliH SJIEKTPOHOB B ApOMAaTUUECKNX COCTUHEHU -
ax. IloaHag pemokamu3alMsl 3JIEKTPOHOB B apOMaTHUYECKUX
YIJIEBOIOPOIAX TMOIyUMIa HAIMISIIHOE IpachuuecKoe BhIpakeHUe
B HOBOM IIPHHSTOM IJII HUX CHUMBOJI¢ — MYHKTHUPHOM KpyTe

BHYTPY LIUKJIA:

Jmg 00603HaYeHUsT HepaBHOMEPHOTO pacIpelelIeHNUsT DIIeK-
TPOHHOM TJIOTHOCTU MEXY CBSI3aHHBIMU aTOMaMU U COTIpsIXKe-
Hus cBsg3eil PoouHcoHoM 1 WHTONBIOM ObLTa TIpemIoXeHa
OYeHb yI0OHas U SICHAsl CUMBOJIMKA B BUJIE UBOTHYTHIX CTPEJIOK
M mapluagbHbIX 3apsaaoB. Hampumep, conpsikeHue ABYX IBOM-
HBIX CBSI3€U, MPUBOJSIIEE K PEarupoOBaHUIO MO KOHLIEBbIM MO-
JIOXKEHUSIM, U TioJisipusanmio cBsizu C= 0 B KapOOHUJIBHBIX CO-
eIMHEHUSIX CTaIM U300paxKaTh ¢ MTOMOILBIO MU30THYTHIX CTPEJIOK
U TapUuaibHBIX 3apsmoB (87, O~) (KOHUEMIUS Mmeszomepuu)
(puc. 1.9).

CrnenyeT OTMETUTD, UTO B3aUMOAEHCTBIE XMMUKOB-OPraHM-
KOB C T€OpeTUKaMM ObLIO TMOJIE3HbIM U B3aMMOOOOTAIAIOIIUM
I obenx cTopoH. OCHOBHBIE KOHIEIIMM KJIAaCCUYECKOit
CTPYKTYPHOI T€OpUU CTaJIU MPEeAMETOM TJyOOKOIro TeopeThye-
ckoro aHanu3za. [IpoGnembl nesokaau3aluuu W JIOKaJIUu3aluuu
9JIEKTPOHHOI IIJIOTHOCTU U BBbIIEJICHUS «0acCeHOB» OTHEIb-
HBbIX aTOMOB BCECTOPOHHE obcyxknanuch. [11010TBOpHbIE KOH-
LIETILIMU B 3TOM 00J1aCTH OBIJIN MPeIIOKEHbI, B YaCTHOCTU, beii-
nepom [10].

6+ /\ (O 6+ ( O
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Puc. 1.9. VI30rHyTbie CTPEIKH U MTAapLAaTbHbIE 3apsiabl (O, 87) cTaau mpuHsITOi
CUMBOJIMKOW [UTSI OOO3HAYEeHMsI HEPaBHOMEPHOTO pacripenesieHusI

9JIEKTPOHHOM TIJIOTHOCTH MEXAY CBSI3aHHBIMU aTOMaMU UM COTIPSDKe-
HUs CBsI3ei
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HoBsle maHHBIE (QM3NKO-XUMUIECKIX METOIOB, TIOJTyIYeHHBIC
B 9TOT TNEPUO/, TIPUBEJIU K ITOJTHOMY UBMEHEHUIO CMbICTIA TEPMU-
Ha Xumuyeckoe cmpoenue B opranudeckoit xumuu. Ero comepxka-
HYE B IPEALIECTBYIOLINMI MEPUOJ OTPAHUUNBATIOCH OYTJIEPOBCKOM
CTPYKTYpPHOI (DOPMYJION M CTEPEOXMMUYECKUMM TPOSKLIMSIMU
MOJIeKyNbl. Tereph ommmcaHue CTPYKTYpHl Ha T€OMETPUIECKOM
YPOBHE MPUOOpETAeT KOJIMYECTBEHHBIN CMbICI. B Hero Bkitoua-
€TCsl 3HAaHUE MEXKAaTOMHBIX paCCTOSIHUIA, BaJEHTHBIX U IBYTIpaH-
HBIX YIJIOB, KOTOPBIE OMPEICISIOTCS ¢ TOMOIIBIO TU(PaKIIMOH-
HBIX WJIM CTIEKTPAJTbHBIX 3KCIIEpUMEHTOB. B 3TOT mepuon craHo-
BUTCSI TaKKe OUYCBHMIHBIM, YTO CTATUICCKME IIPEICTABICHUSI O
CTPYKTYpE€ MOJIEKYJI HE TOCTATOYHBI 111 KOJTUYECTBEHHOTO OTH-
CaHUS UX CBOMCTB U peaKLMOHHOU crocodHocTu. CtaTuyeckue
MOJIENIM, B YaCTHOCTH, OKa3bIBAIOTCSI HEITPUTOIHBIMU TSI OITHCa-
HUS SIBJICHUI TayTOMEPUHU U CBOMCTB MHOTHX KJIACCOB TaK Ha3bI-
BAEMBIX CHMEPeoXUMU1ecKl Hexcecmkux moaexyns. B cBsI3u ¢ aTum
pa3pabaThIBAIOTCSl  QuUHAMUYECKUe MOOeau CMPOeHUsT MOAEeKYA,
BKJTIOYAIOIIIME OMUCAHUE «CUJIOBOTO IOJS» — YacTOT U aMIUIM-
Ty BCeX KoJieOaHM U BpallleHUl, HEITPEPBIBHO MPOTEKAIOIINX B
MoJieKynax. Pa3BuBaercsa nuHamMmdecKasi crepeoxumust. [Tomyda-
eT pa3BUTHE (POTOXMMUS OPTaHWYCCKUX MOJEKYJ, M3ydaromias
MX 3JeKTPOHHOBO30YXAeHHbIe cocTosiHUS. [TocTpoeHue auHa-
MUYECKMX MOJEJIelt CTPYKTYphI, MO CYIIECTBY, O3HAYaeT BBEIC-
HUE BPEMEHHOI KOOpAMHATHI B XMMUIO. BpeMeHa XU3HU pas-
JIMYHBIX COCTOSTHUI MOJIEKYJI CTAHOBSITCSI UX HEOTHEMJIEMbBIMU
BaXKHBIMU XapaKTEPUCTUKAMH.

B nepuoo gusuueckoii opeanuueckoil xumuu npoucxooum 0anb-
Hellwas 2ayboKas cneyuaiu3ayus u pazoeneHue opeaHu4eckoll Xu-
MUU Ha camocmosimenvhvie obaacmu, 6naomv 00 UX 8blOeNeHUs.
Omnouko8bl6aemcst Xumus 8bICOKOMONCKYAAPHBIX coedunerHui. Ha
epaHuye ¢ buonoeueil 6ypHO pazeueardmMcs U 3amem Gbl0easOMCs
ouoxumus u morekyaapHas ouonoeus. Ha epanuue c neopeanuue-
CKOIl Xumuell 603HUKAem U 8bl0easemcsi XUMUS 31eMeHmMO0peaHU-
YecKUX coeOUHeHUIl.

Heo6wiBasibie MacimTadbbl (prHaHCUPOBaHUST (PYHIAMEHTAIb-
HBIX U TIPUKJIAAHBIX MCCAEAOBaHUI B 00JIACTU OpraHUYECKOM
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XUMUM W XUMUHA B 1IEJIOM JAIOT UCKITIOUUTEIBHO MOIITHBIN TOJI-
YOK Pa3BUTHUIO KPYMHOTOHHAXKHBIX XUMUYECKUX ITPOM3BOJICTB
OpPTaHMYECKUX BEIIECTB M MaTepHayioB. IIpomcxXomuT moirHas
XUMM3AMUS CEJTbCKOTO XO3SMCTBA, IMUINEBOM ITPOMBIIIUICHHO-
CTU, IPOU3BOJCTBA CUHTCTUIECKUX MOIOIINX CPEACTB, TIJIACTH-
KOB ¥ TIOJIMMEPHBIX MaTePUAJIOB, HEPTETUYECKOTO KOMILJIEKCa.
[TpOMBIIIIEHHOCTH TSKEJIOTO M TOHKOTO OPTaHMYECKOTO CHHTE-
3a CTAHOBUTCS CTEPKHEBOM OTPAC/Ibl0 DKOHOMHUKU Pa3BUTHIX
ctpaH [11].

1.3.4. CoBpemeHHblii nepuo (¢ cepeaunbl 80-X IT.
XX B.). CynpamosieKky.sipHasi XuMusi

K cepenune 80-x rr. XX B. METOAMYECKUIT apceHa U TeOpeTUYe-
cKasl 0a3a OpraHMYeCKOUM XUMHWU JOCTUTIIA TOM CTEIIEHU pa3BU-
TUSI, IPU KOTOPO# 3((PeKTUBHOE pellieHue 3aJady Ha MOJIEKY-
JISPHOM YpPOBHE JIFOOOI MBICIUMOIi CTETNIEHU CJIOKHOCTU CTaHO-
BUTCS YHUCTO TEXHUIECKOM mpobiaemMoii. K 4nciy caMbIxX sIpKuX
YCIIEXOB HayKu, OE3yCIIOBHO, CJEAYyeT OTHECTH IMPaKTUYeCcKoe
JOCTIDKEHUE (PU3UIECKUX TTPENEIOB B TIPOCTPAHCTBEHHOM, Bpe-
MEHHOM 1 KOHIICHTPAIIMOHHOM pa3pelIeHU! B PSIC HOBBIX Me-
TOMOB UTSI XUMUYECKUX UccienoBanuii. HazoBy 3mech Hanbolee
BaXKHBIE JOCTUKEHMSI.

1. Co3nmaHue CKaHUPYIOIIEH TYHHEJIbHOH MUKPOCKOMUU C
IIPOCTPAaHCTBEHHBIM pa3penieHrneM Ha ypoBHe 0,1 HM
obecrieyrBaeT HaOJIONEHUE OTICIbHBIX aTOMOB M MOJIe-
Ky Ha noBepxHocTu (HobeneBckas mpemust mo usuke
TIpUCYK/IeHa 3a 3TO Bhinatoieecs noctmkenue I'. Popepy
u . Pycke B 1986 1.).

2. Paspabotka na3epHoit (peMTOCEKYHIHOM CIIEKTPOCKOIMUU
C BPEMEHHBbIM pa3pelieHreM Ha ypoBHe 1—10 dbc oTKpbI-
BaeT BO3MOXHOCTU MCCIICIOBAHUS SJIEMCHTAPHBIX aKTOB
XUMUUYECKUX TMPOLIECCOB BO BPEMEHHBIX MHTEpBajax, Co-
OTBETCTBYIOIIMX OJHOMY TEepHOAy KOJieOaHUil aTOMOB B
MOJIeKyJIe. DT0o ImocTikeHue otMmedeHo B 1999 r. Ho-
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OeIeBCKOM TTpeMueil o XUMUH, TIPUCYKAeHHOU A. 3eii-
BaJIy.

3. OTKpbITHE TYHHENIBHON KojebaTeIbHO! CIEKTPOCKOIUNU
MO3BOJISIET CACNUTh 3a TMOBEAECHUEM U MpeBpalleHUSIMU
OTEJIbHBIX MOJIEKYJI HA TIOBEPXHOCTHU TBEPIBIX TEJI.

IIpopsIB Ha HOBBII YPOBEHB pa3pellleHUs U YYBCTBUTECIIHHO-

CTHU ObLT MOIIHO TO/IEPXKaH UCKIIOUUTEbHO OBICTPBIM COBEP-
IIIEHCTBOBAaHUEM TeX (PU3MYECKUX METOMO0B, KOTOPHIE YXKe CO-
CTaBJISUIM OCHOBY apceHasa XMMUKa-HUCcClIea0oBaTesl B Ipelie-
CTBYIOIIWIT mepuon. 3a mociegHue 15 JeT paspelaromas
CITOCOOHOCTh U YYBCTBUTEIIBHOCTD BCEX CIIEKTPATbHBIX METOIOB
YIYYLIWIKCH HA TTOPSIIOK U OoJiee, a MPOU3BOJUTEIbHOCTh Ha-
YUYHBIX TPUOOPOB BO3pOCIia Ha Ba U Oosee nmopsiaka. B Bemyimx
HMCCIeA0BaTENIbCKUX JJa0OpaTOPUSIX ceityac OCHOBY IMPUOOPHOTO
mapKa COCTaBJISIIOT MHCTPYMEHTHI IISTOTO ITOKOJICHUST — CIIOXK-
HblE U3MEPUTEIbHO-BBIUUCIUTEIbHBIE KOMIUIEKCHI, KOTOpbIE
00ecTeyrBalOT MOJHYIO aBTOMATU3alMIO MPOBENECHUS U3Mepe-
HUI 1 00pabOTKU pe3yIbTaTOB, a TAKXKe Jal0T BO3MOXHOCTb OH-
JIallH TTPUMEHSITh 0a3bl U 0AHKM HAayYHBIX JAHHBIX TIPU UX UH-
TeprpeTalni. BoT TUIIb HEKOTOPBIEC TIPUMEPHI.
PeHTreHOCTpYKTYpHBII aHaIM3 MOHOKpUCTAJLIOB elie 30 jieT
Hazaj ObLJT OMHUM U3 CaMbIX TPYAOEMKMX U IJIUTEIbHbBIX MO Bpe-
MEHU BKCIEepUMeHTOB. OrnpeaeneHrne MOJEKYISIPHOU W KpU-
CTaJUIMYECKOM CTPYKTYPBI HOBOT'O BEIIIECTBA TPEOOBAIO MECSILICB
paboTel. HoBelimmme aBTOMaTU4YeCKEe PEHTTEHOBCKHE MUppaK-
TOMETPBI JAIOT CETOHSI BO3MOXHOCTb IPU U3YYEHUU COEIUHE-
HUI HE CAUIIKOM OOJIbIION MOJIEKYISIPHON Macchl MOJYYUTh
BeChb HEOOXOAMMBIA MacCUB OTpaK€HUM 3a HECKOJBKO 4acoOB.
ITonHast o6paboTKa 3KCIIePUMEHTATBbHBIX JAHHBIX C ITOMOIIBIO
COBPEMEHHBIX IIPOrpaMM Ha IIEPCOHATLHOM KOMITBIOTEPE 3aHU-
MaeT ellle HECKOJIbKO YacoB. Takum oOpa3oM, KazaBllasics pa-
Hee HeCOBITOYHOI MeuTa «OIWH IeHb — OJHA IOJIHAST CTPYKTY-
pa» cTajla TIOBCEIHEBHON peallbHOCThIO. 3a nmocaeaHue 10 et ¢
nomo1bio PCA ObI1J10, 110 BCel BUAUMOCTH, UCCIIETOBAHO OOJIb-
IIe MOJICKYJISIPHBIX CTPYKTYpP, YeM 3a BeCh IPEOIICCTBYIOLINI
nepuos ero npuMeHeHus. [Ipeun3noHHbIE PEHTTEHOCTPYKTYP-
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HBbIC 3KCIIEPUMEHTHI TIPM HMU3KMX TEeMIIepaTypax OTKPHIBAIOT
BO3MOXHOCTH JIJISI TIOCTPOCHUST KapT Pa3HOCTHOM 3JIEKTPOHHOM
IUTOTHOCTH MOJIEKYJI, KOTOPble MOXHO HEITOCPEICTBEHHO CPaB-
HUBaTh C pe3yJbTaTaMU KBAaHTOBO-XMMUYECKUX pacueToB. Ha-
KOHell, ucrnonb3oBaHue B PCA skcriepyMeHTax CMHXPOTPOHHO-
TO U3IYICHUSI COBCEM HEIAaBHO IMTO3BOJIMIIO JOOUTHCS (paHTACTH-
yeckoro BpeMeHHoro paspetieHus B 150 mic! MccnenoBatensim
yaanoch 6 peaavrom epemenu (!!!) orcneauThb, Kak OCylLIECTBIIS-
eTcs1 oopatumasl mparc-yuc-(poTonzoMepu3alus KyMapuHOBOM
KUCJIOTBI B POTOLIMKIIE XKeJIToro oenka [12].

[MoBbIIICHNE YYBCTBUTEIBHOCTH MAacC-CIIEKTPOMETPOB yKe
obecrieuynBaeT HaEeKHBIM aHAIN3 (DEMTOTPAaMMOBBIX KOJTMYECTB
BeliectBa. HoBbie MmeTonbl noHuzauu EST u MALDI (cuctembl
MALDI-TOF) no3BoisgioT NpoBOAUTh UACHTU(PUKALINIO U HC-
CJIeMOBaHNWE CTPOCHUS OMOMOJIEKYJI OYeHBb OOJIBIIONH MOJIEKY-
JIIPHOM MaccChl, HaIIpUMep KJICTOYHBIX OEJIKOB. 3a cO3IaHue U
pazButue 3tux MetonoB Hobenesckas mpemus nmo xumuu 2002 .
obuta ipucyxneHa K. Tanaka un [I. @eHny.

Hossrit mar Bnepen cnenana criekrpockonus IMP. Ucnionb-
30BaHNE METOIOB BpaIllcHMS 00pa3iia oI MarndyeCKUM YIJIOM C
KpOCC-TIONISIpU3alifeil TTO3BOJISIET MOJTyYaTh CIIEKTPBI BHICOKOTO
paspenieHust B TBEpAbIX Teiax. [IpruMeHeHne CIOXHBIX Tociie-
JIOBaTEJIbHOCTE PamMoyacTOTHBIX MMITYJIbCOB B COYETAHUU C
UMITYJIbCHBIMUA TPagueHTAMU ITOJISIPU3YIOIIETO TOJIsI, a TakKxke
WHBEPCHOE IETEKTUPOBAHUE CIICKTPOB TSKEIIBIX M PEIKUX SIICP
obecrieuyrBaeT BO3ZMOXHOCTH TIPSIMOTO OTIPENEICHUsT TpeXMep-
HOW CTPYKTYpbl 1 AUHAMUKU OEJIKOB C MOJIEKYJISIPHOU Maccoit
1o 50 kJla B pacTBope. DTU pabOThI ObLIM OTMeUYeHbI I1ByMs1 Ho-
OCJIeBCKMMU MPEMUSIMU 10 XUMUM, TIPUCYXKACHHBIMU P. DpHCTY
B 1991 r. u K. Biotpuxy B 2002 r. 1 HobGeneBcKoil mpemueii 1o
MenuuuHe, Kotopyo noayuuiu I1. Jlayrepoyp u I1. Menchunn
B 2006 T.

HckiounTe1bHO BICOKAsl YyBCTBUTEIBHOCTD, BHICOKAS pa3-
peraronasi CriocCOOHOCTb TTO0 BPEMEHU W TOYHOCTb B KOJIMYE-
CTBEHHBIX OIIPEIEICHUSIX OTKPBIIA BO3MOXHOCTH W3YUCHUS
C TIOMOIIBIO (PU3UIECKUX METOIOB MEXAaHMU3MOB ITPOTEKAHUS XU -
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MMNYECKUX peaKuHﬁ, B TOM YMCJIE HEMMOCPEACTBEHHOI'O Habm0Ie-

HUS KOPOTKOXMBYIIUX BBICOKOPEAKIIMOHHBIX ITPOMEXYTOUHBIX
yacTull (MHTepMenratoB). HoBbIii MeTonnueckuii apceHasl naet
BO3MOXKHOCTb XMMUKY-UCCJICIOBATEIIO TOJy4aTh B CIWHHUILY
BpPEMEHU B COTHHM pa3 00JbIlle MHOOPMAIINU O CTPOCHUH Bellle-
CTBa, YeM B Hayajie pacCMaTpHBAeMOTr0 Ieproa, a TAKXKe TaKhe
CBEJICHMSI, KOTOPBIE paHee ObLIM COBEPIIEHHO HEMOCTYITHBI.

PaspabatbiBaeTcsl HOBasi KOHBEpPIeHTHasl CTpaTerusl IjaHu-
pPOBaHUS CIIOKHBIX OPTaHMYECKUX CUHTE30B, OCHOBaHHas Ha
PETPOCUHTETUYECKOM aHaJIN3€e, KOTOPHIN YacTO BBITIOJHSIETCS C
TIOMOIIIBIO KOMITbIOTepOB. M cIToab30BaHNEe XUpPaTbHBIX JINTAH-
JIOB I KOMILIEKCOB TIEPEXOIHBIX METAIJIOB OTKPBIBAET BO3MOXK-
HOCTh OCYIIECTBJICHUSI KAaTATUTUICCKUX SHAHTUOCEICKTUBHBIX
CHHTE30B C TOJIydeHUEM YUCTBIX ONTHUYECKMX m3omepoB. Co-
BpEMEHHBIC BapMAHTHI KIIACCUICCKUX CHHTCTUICCKUX PeaKIIMit
¥ HOBBIE XMMUYECKME PEareHThl 00CCIIeYNBAIOT MOJyUYeHUE 11e-
JIEBBIX MPOAYKTOB C MPAKTUYECKU KOJMUYECTBEHHBIMU BbIXOAA-
MH. DTO JaeT BO3MOXHOCTb OCYIIECTBJISITh HECKOJIBKO CTaluii
B CJIOXHOWM TOCJIeNOBaTeIbHOCTH CUHTe3a 0e3 BbIIEICHUs
¥ OYMCTKU IIPOMEXYTOUHBIX IIPOIYKTOB («one pot reaction», pe-
aKIIMs «B OJHOM ropliike»). Pa3paboTaHbl MHOTHE «KaCKaIHbIE»,
WIN «IOMUHO»-peaklUu, MPU KOTOPBIX B OJHY CTaAMIO OCYy-
IIECTBIISICTCST TIOCTPOCHKE CITOXKHBIX TTOTUIIMKINIECKUX U Kap-
KaCHBIX CTPYKTYp IIPU CTPOTOM CTEPCOXUMHIECKOM KOHTPOJIC.
[IpexpacHble MpUMeEpHl TaKWX PeakIdii MOXHO HAaWTH B He-
CKOJIbKMX 0030pax M MoHorpadusx (cMm., Hampumep, [13]).
YcTraHoBIeHUE MOCIEI0BATEIbHOCTA MOHOMEPHBIX 3BEHBEB
B CJOXHBIX Ouorojumepax (0eJKu, HYKJIEMHOBbIE KUCIOThI)
W CHHTE3 3TUX OMOMaKPOMOJIEKYJ MOJIHOCThIO aBTOMATU3UPO-
BaHEL.

OpraHuyeckuii CUHTE3 cTal 0oJiee MPaKTUIECKU OPUEHTU-
poBaHHBIM. [Ipy 3TOM YacTO XMMUK-CUHTETUK MEPBOHAYATILHO
OTIpEJIeNISIET C TIOMOIIbIO TEOPETUUYECKOTO pacyeTa WIM C WUC-
TOJIb30BAaHNEM 3MITMPUICCKUX 3aKOHOMEPHOCTEH, HalIeHHBIX
nyTeM O0OOIIeHUs OOJBIINX MAaCCHUBOB SKCIIECPUMEHTAIBHBIX
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JAHHBIX, CBSI3BIBAIOLINX CTPYKTYPY U CBOMCTBA!, KaKoe UMEHHO
BEILIECTBO JOJKHO 00J1aiaTh HYXKHbBIM KOMILJIEKCOM CBOMCTB, U
JINIITh 3aTEM TIPUCTYTIACT K €T0 CUHTE3Y.

BosHukaer u OBICTpO pa3BUBAETCs MPUHLUMUITMAIBHO WHOM
MTOOXONI B OPTaHWYECKOM CHHTE3e — CHUHTE3 KOMOMHATOPHBIX
o6ubanoTek coenHeHui. OCOOEHHO YacTO €ro UCIOIb3YIOT MU
CO3IaHUN HOBBIX JICKAPCTBEHHBIX M OMOJIOTMYECKN aKTUBHBIX
BeriecTB. [Ipy 3TOM B OMTHOM peakToOpe OTJHOBPEMEHHO B ONHY
VI HECKOJIBKO CTaJWii TOJIyJaloT COTHU, a WHOTHA W THICIIN
OJIM3KMX TI0 CTPOCHUIO MOJIEKYJI, KOTOPBIC 3aT€M MCITBITHIBAIOT-
cs Ha TIPUCYTCTBUE BEIIECTB C HY>KHBIMU CBOMCTBaMHU (HAIIpH-
Mep, CITOCOOHBIX CBSI3BIBATHCS C OIPEHCIICHHBIM PEICIITOPOM
WM 00JIafaloNIMX CIIOCOOHOCTBIO TOMABJISITH POCT OOoJie3He-
TBOPHBIX OaKTepHii) BCe OMHOBPEeMEHHO. B Ipyrux ciydasx mx
MpeaBapUTEIbHO Pa3nessioT, HAllpUMep, ¢ MOMOIIbIO AByMep-
HOI XpoMaTorpadu Win 3JeKTpodope3a B IMTOTUMEPHOM Teje
WIM UHBIM MeTonoM. MHorna manbHeie UCIbITaHusI TTPOBO-
IIST TIPSIMO HA 3TOM HOCHUTEJIE.

CTpeMUTeIbHOE Pa3BUTHE BBIYMCIUTEIbHBIX METOIOB KBaH-
TOBOI XMMHH U OeCIIpelieIcHTHO OBICTPOE COBEPIIECHCTBOBaHNE
BBIYMCIIMTEIbHON TEXHUKH, B TICPBYIO O4Yepelb CO3TaHUE CyIep-
KOMITBIOTEPHBIX KJIACTepOB IJIST TapaJlIeIbHBIX BBIMUCICHUN, B
nocjenHee mecAatwieTue XX B. OTKPBUIM TTPUHITUIIMAIBHYIO BO3-
MOKHOCTb IIPUMEHSTH Bce 00Jiee TOYHBIE U CTPOTHE, TTOCTPOCH-
HBIC Ha TIePBBIX TIPUHIINIIAX (HEAMIIMpPUIEeCKUe, ab initio), MeTo-
JIbl KBAHTOBO# Xumuu [ 14, 15] mist usydeHust MOJIeKyaI U MOJIEKY-
JIIPHBIX CUCTEM M3 COTCH aTOMOB, ITOJydas IIPU YMEPEHHBIX
3aTpaTaX BBIYMCIUTENbHBIX PECYpCOB M BpPEeMEHU aneKBaTHOE
OITCAaHUE NX CTPOCHMS M PEAKIIMOHHOU CITOCOOHOCTHU C «XUMHU-
YECKOM TOYHOCTBIO», JOITYCKAIOIIEH HE TOJBKO MHPSIMOE COIIO-

' Tlouck Takux 3aKOHOMEPHOCTEH COCTaBJISIET CAMOCTOATENBHOE
HarpaBJeHUe OpPraHUYeCKON XMMUU, 0003HAYaeMOEe B aHTJIOS3bIYHOM
nmtepaTtype abopeBuarypamu QSAR m QSPR (quantitative structure-
activity relationships, KoJu4ecTBeHHBIE COOTHOIIEHUSI CTPYKTypa-aK-
TUBHOCTb M quantitative structure-property relationships, koimuecTBeH-
Hbl€ COOTHOLIEHUSI CTPYKTYpa-CBOICTBO).
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CTaBJICHUE C SKCIIEPUMEHTOM, HO 1 HaJIesKHOE TTPOTHO3UPOBAaHME
PA3TMIHBIX XUMIUYCCKUX 1 (DM3MUECKIX CBOMCTB. BhImarommecs
JOCTVDKEHUST B 9TOM 0071aCTU MOJIYYUIN TOCTOMHYIO OLIEHKY Ha-
VUHO# OOLIECTBEHHOCTU B TIpucyxXaeHun HobeneBckoil mpemun
o xumuu 1998 1. Baabrepy Kony «3a pazButue Teopun (yHKIIO-
Haza TioTHOoCcTH» 1 JxkoHy Ilomiy «3a pa3paboOTKy KOMITbIOTEPU-
3UPOBAHHBIX METOMIOB KBAHTOBOI XUMUM». [TOCKOIBKY MOJIEKY-
JIIPHBIE CUCTEMBI U3 COTEH aTOMOB COCTAaBJISIIOT 3HAYUTEIbHYIO
YacTh peaJIbHbIX 00BEKTOB UCCAENOBAHUS B PA3IMYHBIX 001aCTSIX
XUMUM, B TOM YHMCJIe B KaTaJu3e, B MOJCKYJISIPHOI OMOIOTUN U
MOJICKYJIIPHOM MEOULIMHE, a TAKKe B MAaTepHUAJIOBEICHIHN, XUMH-
YECKO TeXHOJIOTUM M IPYTUX TUCITUTIIMHAX, KBAHTOBO-XUMUYE-
CKUe pacyeTbl BICOKOIO YPOBHS 8ce uauje cmanu NPUMeHImocs Ha
HA4aabHbIX SMANAx GbINOAHEHUs HAYUHbIX NPOeKMO08 KaK QyHOameH-
ManbHo20, MAK U NPUKAAOHO20 XApaKmepa ¢ NPOSHOCMUYeCKUMU e~
Aamu. DTO TI03BOJISIET 3aMETHO IMOBBICUTH 3(D(EKTUBHOCTD MCCIIe-
JIOBAaHWU U pa3pabOTOK 3a cyeT OoJiee LieJIeHaNpaBIeHHOTO Tia-
HUPOBAHHUS OKCIIEPUMEHTOB M CYXEHHUs Kpyra u3ydyaeMbIX
00beKkTOB. Tak Ha HaIMX IMIa3ax COBEPIIMJIOCH IpeBpallieHue
KBaHTOBOM XMMUM B OIMH M3 MOIIHBIX M CAMBIX MaJ03aTPaTHBIX
METOIOB XUMHWUYECKUX CCIICIOBAHMIA.

HoBble nccienoBaTesIbckrie BO3MOKHOCTU OTKPBLIN TSI XM~
MUKOB-OPTaHUKOB TIePCIIEKTUBBI Tepexofa OT U3Y4YeHUsl OT-
JIEIbHBIX MOJICKYJ K MCCIIEIOBAaHUIO CIOXHOOPIaHU30BaHHBIX
CYMIPaMOJICKYJIIPHBIX CTPYKTYp. CBSI3bIBAHNE OTIEIBHBIX MOJIC-
Kyl B CYNPaMOJIEKYJSPHBIX (HAAMOJEKYJISIPHBIX) aHCaMOJISIX
OCYIIECTBJISIETCS 3a CYET CJIaOBIX HEBaJIEHTHBIX B3aMMOJEH-
CTBMI, TAKMX KaK BOJOPOJIHbBIC M KOOPAUHAIIMOHHBIE CBSI3U, TH-
IpooOHBIE CHUJIBI, 3JEKTPOCTATUYECKUE B3aMMOIECIICTBUSI.
CII0COOHOCTh TaKMX aHCcaMOJIel K caMOOpraHM3allui, caMope-
TYJSIIUA W PeTUTMKAIMU TPUOIVKAeT UX K OMOJIOTMYEeCKUMU
cucremaM. [loaToMy cympamoaexyaapuas xumus — 3TO XUMUS
MPOrpaMMUPYEMBbIX BBICOKOCEIEKTUBHBIX HEKOBAJCHTHBIX B3a-
uMonencteuii. IlepBoiMu 0ObEKTaMU 3TOM HAyKW CTaU KOM-
TUIEKCHI «XO3SIMH — TOCTb», 00pa30BaHHEIC 20MONOAUOEHM AN~
HbLMU MAKpoyuKAuveckumu aueandamu (KpayH-3pupamu, KpuIi-
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TaHIAMU W POACTBEHHBIMU COCOIWHCHMSIMU) C KAaTHOHAMH U
aHroHamu [ 16]. OcHOBaTeNSIMU CYTIPaMOJIEKYJISIPHON XUMUHU T10
npaBy cuurtaiorcst Yapansz Iledepcen, Jlonaavd Kpam v 2Kan Mapu
Jen. B 1987 r. um Obuta nipucyxneHa HobGeneBckast mpeMust mo
xumun. Jlonsg pa®oT, TOCBSIIEHHBIX CYIPaMOJICKYIIPHBIM
CTPYKTYpaM, CTPEMUTEIHBHO U HETTPEPBIBHO pacTeT.

bnuzkoe Oynyliiiee opraHMYeCKOM XUMUKU BUIUTCSI MHE TECHO
CBSI3aHHBIM C M3Y4eHUEM Bce 0ojiece 1 00Jiee CIOXKHOOPTaHN30-
BaHHBIX CYMTPAMOJIEKYJISIPHBIX CHUCTEM W TIPUHIIUIIOB, TT0 KOTO-
DPBIM MPOMCXOIUT MX camMocOopka U (yHKLUMOHUpoBaHKe. He-
COMHEHHO, OyIeT IPOIOJIKAThCS MHTErpalis OpPTraHMIeCcKOi
XMW C MOJIEKYJISIPHOW OMOJIOTHEN, YTO M OOECTIEUUT TIPAKTH-
YECKYI0 peaJiM3aliMio CO3MaHMSl MCKYCCTBEHHBIX (DepMEHTOB.
BropbiM HampaBiaeHHEM 3[eCh, BEPOSITHO, CTAaHET CO3MaHue HO-
BBIX MaTepHaIOB, OCHOBAHHBIX Ha CYIIPAMOJICKYJIIPHBIX TTPUH-
numnax (opraHudeckass HaHoxuMust). [1oaToMy MOXHO ¢ 0OJIb-
IIOM HOJIell YBEPEHHOCTU YTBEPXKIAaTb, YTO HOBBIA IIEPUOI B
HWCTOPUM OPTaHWYCCKON XUMHUU OYIET nepuodom cynpamonexy-
ASPHOU OP2AHUMECKOU XUMUU.

1.3.5. 3akimounTe/bHbIE 3aMeYaAHNS

KopoTkuit 0630p 0OCHOBHBIX MIEPUOJOB UCTOPUN OpPTraHUYECKO
XUMUM TIO3BOJISIET TIOAMETUTD PSI OOIMX 3aKOHOMEPHOCTEH B
ee pa3BUTUU. H3meHeHUusM 6 NOHAMUUHOM annapame OpeaHuye-
CKOUl Xumuu npu nepexode om 00H020 nepuoda K dpyeomy eéceeda
npeduiecmeosant CyulecmeerHble UsMeHe s 8 Memoou4eckom ap-
ceHane, KOMopbiM HONb308ANUCH XUMUKU.

B caMmom nene, anasumuneckuii nepuod HauHaeTCsl C OCBOE-
HUS METOIa KOJMYECTBEHHOTO aHalIu3a OpPraHUYEeCKUX COedu-
HEHMI, 9TO IaeT BO3MOXKHOCTb ITOCTPOCHUS MEPBBIX MOIeeHt
UX CTPYKTYphl. Ilepuod cmanoeaenus u pazeumus Kiaccuueckou
CMPYKMYpHOU meopuu XapakTepu3yeTcsl ObICTPbIM COBEpIIEH-
CTBOBaHMEM METOIOB CHMHTE3a M ITOCJIEeIOBaTEIbHON merpama-
MU OPTaHWMYECKNX COCIUMHEHMI, TTO3BOJIMBIINX YCTAaHABINBATD
TeHEeTUYECKUE CBI3U MEXIY HUMU, a TaKKe TPUMEHEHUEM I10-
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JIIPUMETPUH, HAaBIICH TONYOK Pa3BUTHIO cTepeoxuMmu. Oco-
OCHHO SIPKO TIPOSIBIISICTCST POJIb OTICPEXKAIOIIETO PA3BUTHSI METO-
JIOB B nepuoo (usuyeckoii opeanuqeckol xumuu. B neiictBuTesb-
HOCTU POJIb HOBBIX METOIOB HE OrpaHUYUBAETCS TeM, YTO OHU
MHOTOKPAaTHO PaCIIMPSIIOT MCCIEIOBAaTeIbCKIE BO3MOXHOCTHU
HAyJHOTO COOOIlecTBa, KOTOPOe MX OcBamBaeT. B mexmmciim-
IUTMHAPHOM B3aUMOECTBUN METOI TTOIO0CH MPOSIHCKOMY KO-
Hro. BMecTe ¢ HUM B OpraHM4YeCcKYI0 XUMUIO TIPOHUKAIOT €T0 TEO-
PETUYECKUI Y MaTeMaTUYECKUM ammapar, KOTOPbIE MCKIIIOUM-
TeJIbHO 3(P(PEKTUBHO MWCIIOJIB3YIOTCS B Pa3BUTUU TEOPUU
opranmdeckoit xumun. Camoe SIpKOe TOMY ITOATBEPXKICHUEC —
BHEApPEeHWE KBAaHTOBOW MEXaHWKW, TIPUIICIIICH B XUMHIO BMe-
CTe CO CMEKTPOCKOIME, 0 uem yxke obu1o pacckazano. C.I'. Ka-
pa-Myp3a MeTKO 3aMeTu [16], 4To «ucmopuio opeanu4eckoii Xu-
MUU MOJCHO C NOAHBIM HNPABOM U3NO0JNCUMb He MOAbKO KaK
nocaedo8amenbHOCMb HAKONACHUS HOBbIX (DAKMOE U NOsBAeHUS
HOBbIX KOHUeNnyuil, Ho U 6 UHOM KOHmeKCcme, KaK UCIOPUI0 pas3eu-
mus ee Memoou4ecko2o apceHdla». 3auMCTBYSI HOBbIE METOJbI Ha
MEePBBIX ATAIax CBOEro pa3BUTUS U3 DUMKU M MaTeMaTUKH, Ha
COBPEMEHHOM 3Tarie OpraHmJecKas XMMUs cama cTajla CO3MIa-
TEJTbHUIICH METOIMUECKNX OCHOB IIJISI OMOXUMMHI W MOJIEKYJISIP-
HOIi OMOJIOTUH.

[Tpu nepexozne oT ogHOro NMepuoaa K ApyroMy Mbl HabItoaa-
€M Takke OBICTPBIN MPOrpecc B pa3BUTUU TEOPUU CTPOCHUS U
PEaKIIMOHHOM CTIOCOOHOCTH OT TEePBBIX MHTYUTUBHBIX M BeChMa
HaVWBHBIX KAYeCTBEHHBIX MOZEJICH IO TOCTPOCHMSI TEOPUU Ha
OCHOBE KBaHTOBOXMMWYECKUX TIpeAcTaBieHnii. Eciiu B mepBbie
TMEepUOIbl TEOPUST MMesa TJIaBHOM 11eJbl0 0000IIEHUEe U CUCTe-
MAaTHU3aIIAI0 U3BECTHBIX SKCIIEPUMEHTAJIBHBIX (DaKTOB, TO Ha CO-
BPEMEHHOM 3Talle OHa 00JIamaeT CITOCOOHOCTHIO KOJTMICCTBEH-
HOTO OIMMCAHMSI ¥ MPeICKa3aHNsI CTPOSHUS U €TO CBSI3U CO CBOM-
CTBaMU MOJICKYJI M MOJICKYJISIPHBIX cucTeM. HecoMHEeHHO, poTh
TEOPUU CTPOEHMSI U PEeaKIIMOHHON CIIOCOOHOCTU OyIEeT MOCTO-
SIHHO Bo3pacTaTh. KBaHTOBOXMMHWYECKHE PACUETHl BBICOKOTO
YPOBHS Ha 3Talle TTOATOTOBKHU M TUIAHUPOBAHUS SKCIIEpUMEHTA
TepecTagu ObITh YIEIOM XMUMUKA-TEOPETUKA U YKe CTAHOBSTCS




1.3. OcHosHble ucmopuueckue nepuodsl pazgumust
opeanuveckoii xumuu |

PYTUHHBIM 3aHSTHUEM JUISI HOBOTO MOKOJECHUS XMMUKOB-OpTa-
HUKOB.

PazymeeTcs, 13 ckazaHHOTO HeE CIEAYeT, YTO B OpraHUYEeCKOn
XMMUU HE OCTaJIOCh 0oJiee MecTa JJisl pa3pad0TKM HOBBIX CUHTE-
TUYECKMX METOIOB, HOBBIX peareHToB M peakuuii. Mcciaenopa-
HUS B 9TOM HaIpaBIeHUN MHTCHCHUBHO IIPOIOJIKAIOTCS W OyIyT
MPOAOJIKATHCS BCETaa.

MBI BUIUM OYEHb CYIIECTBEHHbIE U3BMEHEHUST CTPYKTYPhI Op-
TaHWYECKOI XMMUU 110 Mepe ee pa3BuTus. [Ipoucxomnut ee nud-
(epeHLMaIVsI, BBIIEJCHNE M3 HEe MHOTUX CaMOCTOSITCIBHBIX
mucuIUinH. OTHOBPpEMEHHO Ha TPaHUIIAX OPTraHMICCKOM XUMUT
C IPYTUMU HayKaMU MPOUCXOOUT (HOPMUPOBAHME HOBBIX HAyd-
HbBIX HampaBJeHUI, U 3Ta TEHACHLMSI K UHTETpaluu ¢ APYTUMU
TUCIHUILTMHAMU 3aMETHO YCUJIMBAETCSI B COBPEMEHHBI TTepUOI.

3HauNTEIPHOEC YCKOPEHNE HAYYHBIX MCCIeAOBaHMI obecre-
YUBACTCSI TAKXKE 32 CUCT MCITOIb30BaHUSI HOBBIX MH(DOPMAITIOH-
HBIX TEXHOJIOTUI 1 CPEACTB JEKTPOHHOU KoMMyHUKanuu. Ce-
TOJHS MCCIeAOBAHMSI IO OAHOM U TOM XK€ TeMe 4acTO BBIMOJIHSI-
I0TCS TIapajuleJIbHO B JeCATKaX HayYHBIX KOJUIEKTHMBOB. [lpu
3TOM CKOPOCTh OOMeHa MH(MOpMaIeil MeXIy MCCIeaI0BaTesI-
MU pa3HBIX TPYMI Yepe3 OOBIYHBIC KaHaJIbl BCE €Ile OCTAeTCS
BechbMa HU3KOUW. BpemeHHast 3aaepxka MeXay BbIIOJHEHUEM
paboTHI U ee MOSIBJIEHUEM B BUAEC HAyYHOU MyOJMKALUU B CPell-
HEM COCTaBJIIeT OKOJIO OTHOIO roja, Jaxe HeCMOTPs Ha 3HAYM-
TeJIbHOE KOJMUYECTBO XYPHAIOB UISI OBICTPOIT IyOIMKAIINY HAal-
OoJiee BaxKHBIX pe3yabTaToB. KOMIBIOTEpHBIE TEXHOJOTUU U
ceTb THTEpHET yxXe CO3AaIu YCJIOBUS 711 TIOCTOSTHHOTO 00l1ie-
HUSI MEXIY MCcienoBaTelssMu, padoTarolIMMU B OJHON 00Jsa-
ctu. COBMECTHBIN aHAIU3 PE3yJIbTaTOB Pa3HBIX IPYIIT B pealb-
HOM BpEeMEHH T03BOJISICT, Ha HAIIl B3IJISIA, MHOTOKPATHO ITOBBI-
cuth 2(h@MEKTUBHOCTh paboThl. XMMUYECKass HayKa cTajia
WHTEPHALMOHAJIBHON. YUeHble pa3HbIX CTpaH OOBEAUHSIOTCS B
«HE3pMMbIe HayuyHbI€ KOJUIEKTHBBI», COBMECTHO paboTalollne
Hal HAayYHBIMU IMPOEKTAMU MEXIUCLUUIUIMHAPHOIO Xapakrepa.
4 caM aKTHBHO MCIOJIB3YI0 3TH HOBBIC MH(MOPMAIIMOHHEIC Ka-
HaJIbl B CBOEW MOBCETHEBHOU MPaKTUKE.




Jlekyus 1. Ilpedmem opeanuueckoil xumuu,
OCHOBHble IMansl Pa3eUmus

Ha rytu npuMeHeHUst MHOTHX BBICOKOA((HEKTUBHBIX XUMM-
YeCKUX peaklLUii B IMPOMBIIUIEHHON MpaKTUKE IJIABHBIM IIpe-
MSITCTBUEM SIBJISIETCS. HEOOXOOUMMOCTh MX IIPOBEIECHUSI B Opra-
HUYECKUX PACTBOPUTENISIX, KOTOPbIE TOKCHUYHBI, OIHEOMACHBI
U I0pOTU. B 3HAYMTENIBHOM Mepe 3TO MPENSATCTBUE YK IIPEOI0-
JIeBaeTCsl Oyiarofapsi OCYILIECTBICHUIO peaklyii B TOHKUX IIO-
BepXHOCTHBIX cliosix I[TAB Ha rpaHuiie ¢ BomHOM (ha3oii U B
CBEPXKPUTUYECKHUX CPEax, CPEAU KOTOPBIX OCOOEHHO YCIELIHO
HCTIONIb3YETCS CBEPXKPUTUUYECKUI AMOKCUI yriaepojaa. 3Hauu-
TeJIbHBIC YCIIEXU B 00OMX HampaBJIEHUSX TOCTUTHYTHI yKe Ceii-
yac. OTU U Ipyrue MepcrieKTUBHbIE HaIMpaBleHUs] o0enaloT B
IPSITYIIME TObI 3aXBaThIBAOIIE MHTEPECHBIE PE3YJIbTAThI B IIPHU-
KJIQTHOM OpraHNYeCKOM XUMUH.

N3 cka3aHHOTO BBINIE ¢ OYEBUIHOCTBIO CIIEIYET, YTO COBPE-
MEHHBIM XUMHUK-OPTaHUK IT0 YPOBHIO M COIEPKaHMIO CBOECH IO~
TOTOBKU JIOJDKEH CWJIBHO OTIMYAThCS OT crienunanncra 70—
80-x rr. mponutoro Beka. HecoMHeHHO, MOJKHA CMITBHO BO3pac-
TH 3HAYNMOCTH OCBOCHHUS UM CMEXKHBIX TUCIUTIINH, YIIYUIIUTHCS
TIOATOTOBKA B 00J1aCTU (DM3MKHU, MAaTEMAaTUKN Y MH(GOPMATUKU.
XUMWK-OpPTaHUK IOJDKEH BHOBB CTaTh MCCIIEHOBAaTEIIEM-ECTe-
CTBOMCIIBITATEJIEM, CIIOCOOHBIM OBJIaZ€BATh HOBBIMU 3HAHUSIMU
1 YMEHUSIMU B COOTBETCTBUM C M3MEHSIOLIMMUCS YCIOBUSIMH,
HarpaBJeHUEM IESTEIbHOCTU U 3a1a4aMM.

KonoccanbHblil porpecc, DOCTUTHYTBIA B OpraHMYeCcKOu
XMMHUHU 32 OTHOCUTEIBHO KOPOTKUI IBYXCOTJIIETHUI MEPUOL €€
CYLIECTBOBAHMUS KAK CAMOCTOSITEIbHOM TUCLIUILIMHEL, HE MOXKET
He BbI3BaTh BOCXMUILIEHHUE. Y HAC €CTh BCE OCHOBAHMUS I10J1araTh,
YTO TeMIIbl PA3BUTUSI OPraHUYECKOM XUMHUU OYAYT CTOJIb K€ BbI-
COKMMH U B OYIYIIEM.

|.4. OcobeHHOCTU NOHATUIHOrO anmnapata
OpraHM4ecKon XvMuu
Jlaxke KpaTKoe OMMcaHue OCHOBHBIX 3TAIOB Pa3BUTUS OpraHU-

YECKOM XMMMM SICHO IIOKA3bIBAET, YTO OHA U XUMHUS B LIEJIOM
pa3BUBaIOTCA LlHayK?mLIBHbLM nymem. IMoHsiTMS 1 KOHUENLIMU op-
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TaHWYECKOU XMMUM BO3HUKAIOT B Pe3yJIbTaTe OOOOIICHMS 3KC-
NepUMEHTAIbHBIX (hakTOB. Takoe 0600HIEeHUE MepBOHAYATBHO
MPUBOIUT K (DOPMYIMPOBKE OIHON WIJIM HECKOJBKUX aJbTepHa-
TUBHBIX TUIIOTE3, JOCTOBEPHOCTb KOTOPBIX MPOBEPSIETCS MyTeM
MMOCTAaHOBKH JTOMOJHUTEIbHBIX SKCIIEPUMEHTOB. TaK BO3HUKAET
MOJIETb UCCIIEAYEMOTO SIBICHUSI, KOTOpast YTOUHSIETCS W pa3BU-
BaeTCs TI0 Mepe HAKOIJIEHUSI HOBBIX 9KCIIEPUMEHTAIbHBIX JaH-
HBIX U PE3yJIbTaTOB TE€OPETUUYECKUX pacueToB. Hepenko ogHo u
TO e SIBJIEHUE C Pa3HBIX CTOPOH OMUCHIBACTCSI pa3HBIMU MOJIE-
JISIMU. B CBSI3M ¢ 3TUIM mepmunbt, noHamus u KoHuenuyuu é opea-
HUYecKoll xumuu Hocam modeavnblii xapakmep. Onu cnpasedauent
AUWD 8 pamMKax moil mooeau, 6 Komopoi cghopmyauposanvt. Ilepe-
HOC noHAmus u3 00Hol Modeau 6 opyzyro, emy He C8OUCMBEHHYI0, 6
OoavmuHCcmee cayvaes npueoOUm K Cepbe3HbIM OWMUOKAM U nyma-
Huue. Mooeab nHuxozoa ne ovieaem noanoiui. Hcnoawvsys ee, écezoa
HYJCHO 0CO3HABAMb 2PAHUUBL ee npumeHumocmu. B opeanuueckoii
Xumuu He 6vieaem npasu 6e3 UCKAIOUeHUIL.

PeasibHO B XMMUM Bcerga CyLIECTBYEeT Mepapxusl MOJIENei,
Kaxaasi U3 KOTOPBIX UCIOJIb3YeTCsS Ha CBOEM YPOBHE OIMMCAHUS
SIBIICHUS.

B oTyimame oT MOHSTHIT MaTeMATUKH, KOTOPEIE, OYIyIN BBE-
JIEHbI B HAYKYy, Jajee HUKOIrIa He MEHSIOT CBOero cMbIcia («3a-
KPBIThIC» TIOHSITUS ), O0AbUUHCINGO NOHAMULL OP2AHUYMECKOU XUMUU
U3MEHSIIOM ce0e codepiicanue no mepe co8epuleHCmeo8anus mode-
au («omkpvimote» noHamus). 3aHTEPECOBAHHBIN YATATETb MME-
€T BO3MOXHOCTb, HalIpUMeD, eIlle pa3 CaMOCTOSITEIHHO TTPOCIIe-
IUTh, KaK W3MEHSJIOCh COIEpXKaHWE TMOHSTUS <«XUMHYECKOe
CTPOEHUE» B Pa3IMYHbIC MIEPUOIBI PA3BUTHUSI OPTaHUYECKOMN X1~
MWU.

DTO CBOMCTBO OCHOBHBIX XMMHWUYECKUX IMOHATUU TPEICTaB-
JisseTcsl MHe O4eHb BaKHBbIM. CO3HATEIbHBIN U HECO3HATEIb-
HBI HETIPaBOMEPHBIN MEePEHOC TMOHATHUS U3 OJHOW MOIETU B
JIPYTYIO MOXET MPUBECTU K BeCbMa MevYalbHbIM MOCIEICTBUSIM.
SApKUM TIpUMEPOM TOMY MOXKET CIIYXKUTb TUCKYCCHUS O «TCOPUU
pe3oHaHca» B Hamleil ctpade B 1949—1951 rr. [Tocire mobemHo-
ro 3aBepieHust Benukoit OteuectBeHHoI BoliHbl M.B. Ctaniun
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HavyaJl TeHepaJbHOE HACTYIUICHHWE TIPOTUB WHTEIUIUTCHIINT
cTpaHbl. MHTe/UtekTyanbHasi 27MTa OOIIeCTBAa BCeriga HeHa-
BUCTHA TOTAJIMTAPHOMY PEXMMY, KOTOPBIA WHTYUTUBHO YYyB-
CTBYeT B Hell MOTEHIMaJbHYIO Yrpo3y, IMOCKOJbKY cBoOOma
MBICJIM ¥ TIPUHIIUIT «IIOBEPTaii BCeé COMHEHUIO» JiexKaT B OCHO-
Be JTI000T0 HAyJYHOTO U XyIOKECTBEHHOTO TBOopUecTBa. [1apaHo-
WK-JIECTIOT BeJ HACTyIUIeHWE IUPOKUM (poHTOM. «JIeHuH-
IpajcKoe Nej0 Bpadeil», MHCIUPUPOBAHHOE IPOTUB TPYIIIHI
BeIyIIMX MEIMKOB, IIPUBEJIO K pernpeccusM. B uckyccrse xecT-
KO Hacax[Iajcsl <«IIPUHIMUII COLMUATUCTUYECKOTO peaau3mar
1 OblM mpeaanbl aHademe Mysbika .JI. IlocTtakoBuya, >XKu-
BOIMMCh MMITPECCUOHKMCTOB M PYCCKOTO aBaHTapja, I1033Us
A.A. Axmarosoii, M.A. lipetaeBoit u b.JI. [TactepHaka. 3ate-
ssHHast CTaJIMHBIM ITMCKYCCHS IO BOIIpOCaM sSI3bIKO3HAHUS Ha-
JIOJITO OCTAaHOBMJIA pabOTy OOHOM U3 CUJIbHEHIIINX B MUPE POC-
CHICKMX JIMHTBUCTUYCCKUX HAYYHBIX IIKOJ. HakoHell, Ha T10-
3opHoii ceccun BACXHUWJIT B 1949 r. Obuia pasrpomiieHa
CWJIbHEMIIasl B MUpe pocCcUiicKasi HayyHasl 1IKOoJa Mo TeHeTUKE.
DTOT hapc, 03HAMEHOBABILIMIACS «TOPXKECTBOM TepeIOBOI MU-
YYPUHCKON OMOJIOTUW», TIPUBEI K PYKOBOACTBY OMOJIOTHYEC-
CKOIf HayKol Heyda 1 MpakobOeca JIpiceHKo. Bl 3aKphITHI Be-
IylIe TeHEeTUYeCcKue 1adbopaTopuM, a psii KPYIMHBIX YUEHBIX
cocyanbl B nareps. Cosmatenb kubepHetuku HopGept Bunep
ObLT OOBSIBIIEH MpaKoOeCcoOM, a caMa KMOepHeThKa — «0ypxKyas-
HOM JDKEHAYKOI».

AHajornuHas akIvs ycTpalleHus1 Oblla 3aIlulaHWpoBaHa
u B xuMnu. OOBEKTOM IMpeciefoBaHUsl 3[eCh OblLIa BbIOpaHa
«Teopus pe3oHaHca» JlaitHyca ITonuHra, cyTh KOTOPOI MbI pac-
CMOTpEJH BhIIIe. JIJIst OCyIIecTBICHUS 3TOM aKIIMU HEOOXOIUMO
OBLTO HAWTH B COOOINECTBE YICHBIX-XUMHUKOB T€X, KTO OBLI TO-
TOB B3SITh Ha ce0s1 MO30PHYIO POJIb 9K3eKyTOpoB. [1o komaHIe 13
LK KITCC rpynmna noJfuTu4eck aHTaXXUpPOBAaHHBIX «00PIIOB 3a
WIEHHYIO YUCTOTY COBETCKOM HayKn» 00bsIBMJIA UCTIOIb30BaHNE
HECKOJIbKUX PE30HAHCHBIX CTPYKTYp MU aJeKBaTHOIO OIuca-
HUS pacIpenesicHus 3JIEKTPOHHON TIOTHOCTHA B MOJIEKYJIE OT-
CTYIUICHUEM OT OCHOBHOTO TIOJIOXEHUSI CTPYKTYPHOU Teopuu
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A.M. BbytiepoBa, corlacHO KOTOPOMY CTPOCHUE OIHICHIBACTCS
OIIHOI CTYKTypHOIT (hopMyIoii. B ¢cBsI3u ¢ 3TMM B Mueoornye-
ckoM pymnope LIK KITCC — xypHane «Bonpocsl dunocobumn»
MOSIBMJIACH CTaThsl, B KOTOPOIl «T€OpHsl pe30HAHCa» ObLia 00b-
SBJIEHa MaXMCTCKOM M aHTUMapKcucTcKoii [18]. CtopoHHMKaMU
¥ TIpOTIaTaHANCTaMU «T€OPUHU Pe30HAHCA» B TEOPETUICCKON X1~
Muu B Hateli ctpaHe o6bun A.K. Ceipkun 1 MLE. JIatkuna [19].
OHM 1 HECKOJIBKO UX IOceoBaTeseil M ObLIM BRIOpaHbI B Kade-
CTBE CYOBEKTOB I MyOJIMYHON MOJUTUYECKOM MopKu. Mare-
puanbl HaydyHoit ceccun Axkagemuu Hayk CCCP, roe mpoxoanio
«00OCYXIEHME» 3TOI TTPoOIIeMBI B TOCTYITHEI B [20], a 3amHTEepe-
COBaHHBII YWTaATEb MOXET 0oJee MOAPOOHO TO3HAKOMUTHCS
c 3TOoil uctopueir mo oTaMyHbIM cTaThsiM A.C. CoHuHa [21]
u H.M. Cepreena [22]. [TonruTuueckuii TaKT U MY>KeCTBO MMO3BO-
mum Anekcannpy HuxonaeBnuy HecMessHOBY, KOTOPBI B TO
BpeMst BosmIaBistl Akamemuto Hayk CCCP, oTBpaTtuth yrposy
(m3MIecKOIT pacIipaBbl HAaIl «ITAyJIMHTUCTAMI-MaxXucTaMm». [e-
JIo orpaHuymiioch (opManbHbiM ocyxaeHuem f.K. CeipkuHa
u M.E. JIATKUHOI, KOTOpbIE BRIHYKIEHBI ObUIM HaIKCaTh MOKa-
STHHOE TIMCHhMO [23], HO 3a 3TUM He TTOCJICIOBAIO IIEPCOHATBHBIX
penpeccuil.

OnHako, OTOPOCHB B CTOPOHY TOJMTHYECKYIO TIOMOTUIEKY
3TUX COOBITUI, MOMPOOYEM MOHSITh, KAKOI JJOTMUECKUI MOIoT
clieJlayl BO3MOXHBIM CaMO BO3HMKHOBEHUE 3TOW aHTUHAYYHOU
mucKyccun. HecoMHEHHO, OH COCTOSUT B HEIIPaBOMEPHOM TIepe-
HOCE TIOHSATHS «pe30HAHCHAs CTPYKTYpa» M3 KBAHTOBO-MEXaHM-
YECKOM MOJIEJIV OTIMCAHUST CTPOSHUSI MOJIEKYJ B IPYTYIO — B ChI-
I'PaBIIYI0 UCKIIOUUTEIBHO BaXKHYIO MOJOXUTEIbHYIO POJb, HO
VK€ YCTapeBIIYI0 OPTOMOKCAIbHYIO (HEeHOMEHOJOTMYECKYIO
CTPYKTYPHYIO TEOPHIO, KOTOpas BO3HUKIIA 3a[0JITO IO TOSIBIIC-
HUSI KBAaHTOBOW MEXaHWKU W TO3TOMY He OrepupoBaja Tpen-
CTaBJICHUSIMU O PaCIIpeie/ICHUH 3JIEKTPOHHOM TIJIOTHOCTU B MO-
Jiekyae. BopoueM, AefiCTBUTENbHBIN CMBICI MPOMCXOMMBIIETO
Ha cecCHM ObLI CTOPOHHUKAM «T€OPUM PE30HAHCA», Ia U BCEMY
COO00IIeCTBY KBATU(UIINPOBAHHBIX XUMUKOB COBEPIIICHHO OYe-
BunmeH. Cpazy xe mociie cmeptu CTaavHa IJIOMOTBOPHOCTH
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«TeopuUM pe3oHaHca» Obuta npusHaHa, f.K. CelpkuH OBIT U3-
OpaH IeMCTBUTEILHBIM WICHOM AKaIeMUH HayK, a e€ro JIEKIIUHN
u ek M.E. JIITKMHOI 110 TEOPUM XMMUYECKOTO CTPOCHUST B
60-X IT. IPOIILIOro BeKa HEM3MEHHO COOMPAJIU ITOJIHbIE AyIUTO-
PUM BOCTOPKEHHBIX CTYIEHTOB W aCITMPaHTOB, CPEIN KOTOPBIX
TOCYACTIMBUIOCH OBITh M MHE.

EcTh HekOTOpBIE OCHOBAHUS IyMaThb, YTO HAIlle OOIIECTBO
cTajio 0oJiee IMBUIM30BaHHBIM, a TOCYIapCTBO — 00JIe€ OTKPbI-
TBIM M IeMOKpaTUYHBIM. [103TOMY MOXXHO HAmesITbCs, UTO Te-
Tepb U B OyAyIeM ITOBTOPEHME MOTOOHBIX COOBITHIT BeCbMa Ma-
JIOBepOsATHO. M BCe 3Ke MMeeT CMBICI ellie pa3 MOAYepKHYTh: Ha-
YuHas ouckyccusi He Modcem 0bimb CpedCmeoM HOAUMUHECKOT
00pb0ObL UAU ceedenus auunblX cuemoe. Ee eduncmeennas ueav
004)CHA COCMOAMY 8 GbIACHeHUU HAY4HOU ucmunst. H daa moeo,
umoObl maxas ueavb Oviia 0ocCmMueHyma, 6ce20a 6 Hauaae 6CAK020
00cyxcoeHUsE 00AXCHBL ObIMb CMPO20 ONpedeaeHbl, CO2AACO8AHbL U
HPUHAMbL 6CEMU YHACMHUKAMU Ma MO00eab, 8 PAMKAX KOMOpol
npoeooumcst QUCKyccusi, U CMbiCA 6cex MepMuUHo8, Komopbole 6 Hell
UCNOAB3YIOMCAL.

Jumepamypa

1. CnankoB A.M. KapOuH — TpeTbsl aJJIOTpOIHasl (popMa yriepona.
M., 2007.

2. Carbyne and Carbynoid Structures / Ed. by R.B. Heimann,
S.E. Evsyukov and L. Kavan. Dordrecht: Kluwer Academic
Publishers, 1999.

3. BO3HMKHOBEHME U Pa3BUTHME XUMUU C APEBHEUIIUX BpPeMeH 0
XVII Beka / mon pen. FO.U. ConosbeBa. M.: Hayka, 1980.

4. buikos I'.B. Uctopus kiaccnieckoil TEOpUU XUMUIECKOTO CTPOe-
Hus. M.: Usn-so AH CCCP, 1960.

5. OxnoosictuH O.F0. XKusHb U cMepTh XuMudeckux uaei. M.: Hay-
ka, 1989.

6. Taresckuii B.M. Kiaccuueckast Teopusi CTpPOCHHUSI MOJEKYT U
KBaHTOBas MexaHuka. M.: MU3narensctBo MI'Y, 1973

7. Heitler W., London F. Z. Phys., 1927, 44, 455.

8. TMaynunr JI. [Tpupona xumuyeckoii csi3u. M.: l'ocxumusznar, 1947.



10.

16.

17.

18.

20.

21.

22.

1.4. Ocobennocmu nousmuiino2o annapama opeanu4eckoi xumuu | ID

beitnep P. Atombl B mouekynax. KBaHtoBasi teopus. M.: Mup,
2001.

IMumenten k., KyHpon Ix. BO3MOXHOCTM XMUMUM CETOOHSI U
3aBTpa. M.: Mup, 1992.

. Schotte F., Cho H.S., Kaila V.R.I., Kamikubo H., Dashdorj N.,

Henry E.R., Graber J., Henning R., Wulff M., Hummer G., Kataoka
M., Anfinrud P.A. Watching a signaling protein function in real time
via 100-ps time-resolved Laue crystallography // Proceedings of the
National Academy of Sciences of the USA FEarly Edition. URL:
www.pnas.org/cgi/doi/10.1073/pnas.1210938109.

. Nicolau K.C., Edmonds D.J., Bulger P.C. Cascade reactions in total

synthesis // Angew. Chem. Int. Ed. Engl., 2006, 45, No 43, 7134—
7186.

. Davidson E.R. (Ed.). Computational transition metal chemistry //

Chem. Rev., 100 (2000) 351—818.

. JlaiikoB I.H., YcteiHiok HO.A. Cucrema KBaHTOBO-XMMWYECKUX

nporpamm «[TPUPOJIA-04». HoBble BOBMOXKXHOCTH UCCIEIOBAHUS
MOJIEKYJISIDHBIX CUCTEM C MPUMEHEHUEM MapajieIbHbIX BbIUMCIIE-
nuii // U3Bectus PAH. Cepus «Xumus», 2005. Ne 3. C. 804—810.

. Jlen K.M. CynpamonekyasgpHas xumusi. KoHLIENIMY U TIepCreK-

tuBbl. HoBocubupck: Hayka, CO PAH, 1998.

Kapa-Mypsa C.I'. TexHoiorusa HaydyHbIX UccienoBanuii. M.: Hay-
Ka, 1989.

Taresckuit B.M., lllaxmaponos M.M. O6 onHO# MaxUCTCKOI T€O-
puu u ee npomaranaucrax // Bompockl durocodpuu. 1949. Ne 3.
C. 176—192.

CripkuH S.K., Isarkuna M.E. Xumuueckasi ¢B3b U CTPOEHHE MO-
nekys. M.: Tocxummsnar, 1946,

. CocrosiHue TEOPUU XMMHYECKOIO CTPOCHUA B opral-n/mecx(oﬁ XU-

muu. CreHorpaduyeckuii otueT Bececoro3dHoro coBemanust Akazie-
mun Hayk CCCP (Otmenenue XuMuuyecKux Hayk) 11—14 uioHs
1951 r. M.: M3n-Bo Akanemuu Hayk CCCP, 1952.

ConuH A.C. IlevanbHblil 100WIeil ogHO Kammnanuu // BecTHHMK
PAH. 1991. 61. Ne 8. C. 96—107.

CepreeB H.M. Iuckyccusi o pezoHaHce // Xumus U Ku3Hb. 1988.
Ne 9. C. 66—71.

Coipkun S.K., Jarkuna M.E. 1o moBomy «Teopuy pe3oHaHca U
meszomepun // Mzsectuss PAH. OXH. 1952. Ne 6. C. 1116—1121.



Jlekyus 1. Ilpedmem opeanuueckoil xumuu,

@2 OCHOGHbIC SMANbL PA3EUMUS

JMonoanernue 1 k nexyuu 1

HoBoe HanpaBneHve B opraHM4YeckoM cuHTe3e

TekcT ekuyu 1, KOTOPBI BbI TOJIBKO YTO IMTPOYUTANIM, BOCIIPO-
W3BOIUT ayano3amnuch, caeilanHyio B 2004 r. PemakTupys ero
IIBa Tofa Ha3al, ST BHEC MI3MEHEHMsI, OTpakaBIlFie HOBbIE HAN0O-
Jiee BaxkKHbIe (haKThl, OTHOCSIIMECS K paccCMaTpuBaeMbIM IPO-
6ieMaM 1 TIogBUBIIMecs 3a Tepuon nocie 2004 r. Heobxomm-
MOCTh HaImMcaTh OTAEIBHBI TEKCT HOTIOJHCHUST BBI3BaHA TEM,
YTO YK€ IOCJIe 3TOr0 B OPraHMYeCKOM CUHTE3€¢ BO3HUKIIO U ObI-
CTPO pa3BUBACTCSI HOBOE IPUHIIUIMAIBLHO BaXHOE HAaIIpaBIle-
HUE, KOTOpoe TpeOyeT 6oJiee NeTaIbHOIO pACCMOTPEHMUSI.

Ha6op aHanuTU4eCKUX METONOB U MPUOOPOB, KOTOPHIM XM-
MUKU TIOJTE3YIOTCS B CBOMX MCCIIEIOBAHUSX, KaK MBI YK€ 3HaeM,
KapIMHaJIbHO U3MEHMIICS 3a TocyieaHue aecsatmietus. Ho B co-
BPEMEHHOI YHMBEPCHUTETCKON JIaOOpAaTOPUM OPraHUYECKOIO
CHHTE3a OOJBITMHCTBO MAHUIYJISIIIVIA C OPTaHNYECKIMHU Bellle-
CTBaMU IIO-TIPEXKHEMY ITPOBOIUTCS B «XMMUYECKOM CTEKIIE»,
KOTOpOE MaJI0 M3MEHWJIOCh co BpeMeH Benepa, BytiepoBa u
®urepa. XomonwibHuK JInbuxa, konba Biopia, konba DpieH-
Meliepa, Hacagka AHIIOTIA, TcTojeT Duiiepa — BCe 3TH TIpH-
OGOpBI BEPHO CIIyXKAT CTYIHEHTaM, acIIUpaHTaM M BCEM XUMU-
KaM-OpraHukaMm MHorue faecsituieTvsi. OHU yIoOHbBI, KOTIa BbI
paboTaeTe ¢ KOJMYECTBOM BEIIECTBA OAUH I'paMM WIM OOJIbIIIE.
CoszgaHbl X MOAM(PUKALIMNA, KOTOPHIE ITO3BOJISIOT paboTaTh C
JeCSITKaMy MWIJIMIPAMMOB BeIleCTBa B pyTUHHOM pexume. Ho
IIJIST TOTO YTOOBI MACHTU(UIINPOBATD 1 TTOJTHOCTHIO OXapaKTepH-
30BaTh HOBOE COCAMHEHME, a TAKXKE U3y4YUTh MHOTUE €r0 CBOM-
CTBA C IIOMOILBIO COBPEMEHHBIX METOIOB, CeiYac BIIOJIHE JOCTa-
TOYHO COTHIX JOJICU MWUIMTpaMMa. HampuMep, npu co3gaHnm
HOBBIX JIEKApCTB JJISI OLIEHKM OMOJOTMYeCKO aKTUBHOCTU HO-
BOTO COEAMHEHUS JOCTATOUHO MMETh BCEr0 HECKOJBKO MUKPO-
rpaMMOB BeIlleCTBa.

CoBpeMeHHBII OpraHMYeCKUii CUHTE3 TPOBOIUTCS CTPOTO
meJIeHaIIpaBiieHHO. Heo0XoanMo oIy Th BEIecTBO, objIamza-



6 Op2aHUYeCKOM cunmese

Jlonoanenue 1 k aexyuu 1. Hogoe nanpaeéaenue J

[olIee oIpeneieHHBIM HabopoM cBo#cTB. Cpeaut ThICSTIM CUHTe-
3MPOBAHHBIX COCIUMHCHNI-KAaHIAUIATOB B JIYUIIIEM CJIyJae JIUIIb
TP — TISITh ITOCJIe TIEPBUYHBIX TECTOB OYIyT OTOOpaHBI ISt
JaJlbHEMIIUX UCCIeJOBaHUII U MPOM3BOJACTBA. A MO3TOMY HET
HEOOXOAMMOCTHU TIOJIyYaTh UX BCE B KOJIMYECTBAX, MPEBBIIIAIO-
IIMX MUHUMAaJIEHO HEOOXOTMMBIE IIJIST IIPOBEACHMS 3TUX TECTOB.

ITepexon k paboTe Ha ypOBHE MUKPOTPAaMMOB, OE3yCJIOBHO,
MMEET OTPOMHBIE MPEUMYIIECTBA. DTO aeT SKOHOMUIO 0O0JIb-
1IOr0 KOJMYECTBAa JOPOTUX PEAaKTHMBOB M PACTBOPUTENIEI, UTO
0COOEHHO BaXKHO MpU paboTe ¢ TOKCUMYHBIMU BellleCTBaMMU, T10-
CKOJIbKY CHIKACTCSI OTTACHOCTh MX YTCUKH. DTO MHOTOKPATHO
YMEHbIIAET KOJIUYECTBO TOKCUYHBIX OTXOAOB, a TaKXe COKpa-
1IaeT BpeMsl MPOBeIeHUST ONbITOB. Benb HarpeTh Win OXJIaauTh
peakTop 0OBEMOM B HECKOJBbKO MUKPOJUTPOB Ha HECKOJBKO
JECSITKOB U TaXKe COTEH IpamLyCoB MOXHO 3a CEKYHJIbI, B TO Bpe-
Ms KaK TIpH MIPOBEICHUU pPeaKIUW B JUTPOBOM KOJIOE HA 3TO
YXOIST HECATKA MUHYT VUIM Yachl. DTO TIPUBOINT K CHIKCHUIO
MOXapOOMacCHOCTU M B3PbhIBOONACHOCTU paboThl. IToaToMy B
TocjeaHee AeCSTUIETHE OTPOMHBIE YCUIUS U CPEACTBA ObUIM
IMOTpavYeHbI Ha CO3MaHNe TIPUHIINITAAIBHO HOBBIX TIPUEMOB pa-
OOTHI U TIPUOOPOB IS MOJYYCHUS W MCCIETOBaHUS OpraHmde-
CKUX COEIMHEHUI B MUKpoOKoInWyecTBax. B aTux pa3paboTkax
OBUIM UCIOJIb30BaHbI MOCIESAHNE JOCTUXKEHUSI MaTepuaaoBene-
HUSI, TOYHOTO MPUOOPOCTPOCHUSI, MUKPOIJIEKTPOHUKU 1 KOM-
MMBIOTEPHOI TEXHUKHU. B pe3ynbrare MoSBUINCH, HOBOE HaIlpaB-
JIeHUe, KOTOpOe B HAayYHOU JIUTepaType HasbiBaeTcs «Lab on a
chip» — «j1abopatopusi Ha 4ure». MOXHO C YBEPEHHOCTHIO
YTBEpXAaTh, UYTO TEXHUKA OPTaHUYECKOTO CMHTE3a CTOUT Ha Mo-
pore peBOJIIOIIMOHHBIX U3MeHEeHU. O BaXKHOCTH ITPOUCXOISIIEC-
TO CBUICTEIBCTBYET TOT (paKT, YTO HAYIHBIC XKYPHAJIBI BHICIIIECTO
paHra, B ToM yucie «Nature» u «Science», OMyOJIMKOBaIU B Te-
YyeHue MOCIeIHUX MATHU JIET Oojiee JecsiTKa cTaTeil, MOCBSIIEH-
HBIX 3TOMY HaIllpaBJIeHUIO (CM., HalmpuMep, CHelUalIbHbIA HO-
Mep: Nature, 2006, 442, No. 27). XOTsI 3TOT MaTepuaa BEIXOTUT
3a paMKHU IIpOTpaMMbI BBOTHOTO Kypca IO OPraHWYECKON XU-
MWU, TEM U3 Bac, KTO MO-HACTOSIIEMY UHTEPECYETCS XUMUYe-
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CKOIf HAyKOW, S PEKOMEHIYIO ITO3HAKOMUTBCS C OCHOBHBIMH
akTamu.

IIpexkae Bcero 3aMeTHM, YTO MEPEXOJ ¢ MaKpOo- Ha MUKPO-
YPOBEHb U CO3AaHME XMMUYECKUX MUKPOPEAKTOPOB COBCEM HE
mpocTas 3amada. B MUKpoKonamdecTBax KUAKOCTH BEIyT ceOst
MHaye, 4eM B MaKpoKoJiMyecTBaX. [jisi HUX CyLIECTBEHHO yBe-
JINYMBAETCSI COOTHOLIEHKE ITOBEPXHOCTHU K 00beMy. TypOyieHT-
HOE TeUCHHNE CTAHOBUTCS JJaMUHapHBIM. CyIIleCcTBYeT Ieiast Ha-
yKa, TOJIydyuBIIasi Ha3BaHUe Mukpogarouduka (microfluidics),
KOTOpasi MCCJEAYeT IOBeAeHUE MUKPOKOIMYECTB KUAKOCTEH
(10—°—10—'% 1) B KaHayax IUAMETPOM OT HECATKOB IO COTEH
MMKDPOMETPOB, M CUCTEMa TeXHOJIOTUi1, KOTOpasl CO3AaeT IpH-
00pbI, 0OeCIIeYrBaAIOIINE BO3MOXHOCTb pabOThI C TAKMMU KOJIM-
yecTBaMU. [1prOOPHI, UCIIOIB3YIOIINE 3aKOHBI MUKPOMITIONIN-
KU, B NCHCTBUTEIBHOCTU JABHO MPUMEHSIOTCS B XUMHUYECKOM
aHaau3e. DTO Tra30XXKUIKOCTHBIE XpoMaTorpadbl ¢ KalUUISIPHBI-
MU KOJIOHKaMU, BEICOKO3(D(MEKTUBHbBIC KUIKOCTHEIE XPOMATO-
rpagbl 1 mpubOpHl KanujuisipHoro anekTpodopesa. K Havamy
XXI B. yxxe ObUIM pa3pabOTaHbl IOUTH BCE KOMITOHEHTBI, KOTO-
pble HEOOXOOWMBI IUISI CO3NAHMUST XUMUYECKUX MHKPOPEAKTO-
pPOB, — MUKPOHACOCHI, CMECHUTEJIU, A03aTOPhI, a TaKXKEe KOM-
MbIOTePHbIE IIPOrPAMMOBI JJIsI YIIPABIEHUS BCEMU BBIIOJIHSIEMbI-
MU UMM orepanusMu. [1ossBUINCh U caMU MUKPOPEAKTOPHI,
M3TOTOBJICHHBIC M3 Pa3JIMYHBIX MaTepuayioB (HepxKaBelolast
CTaJlb, CTEKJIO, KepaMUKa, IMOTUINMETHICUIOKCAH WK APYroi
TOJIUMEP), KOTOPHIE pa3MeIIaloTcs Ha MaJleHbKUX TIACTUHKAX
(uunax). B kauecTBe mpumepa Ha puc. 1.1a mokazaHbl MUKpPOpe-

16 MM

Puc. 1.1a. MukpopeakTtopsl pupm «DeanFlow» (a) u «KombiMix» (6)
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aKTOPBI, KOTOPbIE BBIMTYCKAIOTCS
dupmamu «DeanFlow» u
«KombiMix». OHU npeacTaBis-
10T cO0O0Ii, KaK Bbl BUAMTE, Ka-
MWISIPHbIE  TPYOKU  CIOXHOM
KOH(MUTypaun ¢ HECKOIbKUMU
BXO/IaMU NIJIsSI BBENEHUSI pearcH-
TOB. PeakTophl TOMEIIAIOT B YeX-
JIBI-TEPMOCTAThI, KOTOPBIE JAIOT
BO3MOXHOCTb B IIUPOKMX TMpeJIe-
Jlax MeHsTb Temmeparypy. Bce
omepaluM B HUX IO CHUHTE3Y,
pa3feneHnIo U OYMCTKE TIPOAYK-
TOB, a TAKXKE QHAU3Y MPOBOMAT- e oo

CS1 TIOJL KOMITBIOTEPHBIM KOHTPO-  jKys6epr LLinaitgep

JIeM.

I'maBHBIMU MOTPEOUTEIMU HOBBIX METOIOB U ITPUOOPOB CTa-
JIN Hay4yHbIe KOJIJIEKTUBBI U (apMalieBTUUecKue GrupMbl, pado-
TalolIMe B 00JaCTH CO3MaHUsT HOBBIX JieKapcTB (Drug design), Ko-
TOpBIE MIPOBOJST CUHTE3 OOJBIINX HAOOPOB COeMUHEHUN OTU3-
KOTO CTPOEHUS («KOMOMHATOPHBIX OMOIMOTEK») U UX UCTTBITAHUS
Ha OMOJIOTMYECKYIO aKTUBHOCTh. OCOOEHHO 3(h(PEKTUBHBIMU B
Takoil paboTe oKa3aauch MPOTOYHBIE peakTophl. B TamMmuHapHOM
MOTOKE €MMHCTBEHHBIM MEXaHU3MOM MaccolepeHoca U CMelu-
BaHUS sBIsieTCsT AUDGY3Usi, CKOPOCTh KOTOPOUW OTIPenesisseTcst
TJIOIIA/IbI0 TIOBEPXHOCTH, Yepe3 KOoTopywo nuddy3ust ocymiect-
BisieTcsl. Eciii B TOHKOM KanmwuTsIpe IPYT 3a IPYTOM IBVIXKYTCS
HECKOJIBKO 30H paCTBOPOB Pa3HbIX BEILIECTB, pa3IeIeHHbIX 30Ha-
MM YHCTOTO PACTBOPUTEJISI, TO MX «pa3MbIBAHUE» MPOUCXOIUT
CTOJIb MEIJICHHO, YTO KaX7asl U3 30H MOXKET paccMaTpUBaThCs
KaK OTAETbHBIN N30JIMPOBAHHBIN XMMUYECKUIA PEaKTop.

B kauectBe mpumepa TOro, Kakue MpenMyIlnecTBa JaeT UC-
MOJTb30BaHNE MUKPOPEAKTOPOB B OPTaHMIECKOM CHHTE3€e, 00pa-
TUMCS K ogHoI 13 pabot (Reutlinger M., Rodrigues T., Schnei-
der P., Scheider G. Angew. Chem., 2014, 53, 582—585) rpyrrisi,
Bo3raBisieMoit mpodeccopoM XKnuzoeprom lnaiinepom us Pde-




Jlekyus 1. Ilpedmem opeanuueckoil xumuu,
OCHOBHble IMansl Pa3eUmus

L

JepaJlbHOTO TeXHOJIOTMYeckoro yHuBepcutera lllBeiiiapuu B
Iwopuxe, BcemupHo uzBectHoro ETH (Eidgenoessische Tech-
nische Hochschuele). Ha moii B3risia, 9Ta rpymra siBisieTcs ceii-
yac ONHMM W3 MMPOBBIX JIMIEPOB B MCIOJIb30BAHUU METOIOB
MUKPODITIOUTHON TEXHUKU B OPTaHNYECKOM CUHTE3€.

Llenbio uccnenoBaHus B 3TOil paboTe ObLT MOUCK 3 GhEKTUB-
HBIX aHTaroHUcToB G-TIPOTEMHCBSI3BIBAIONIETO pelenrTopa. M3
paHee TOJIYYeHHBIX TaHHBIX ObLTO M3BECTHO, YTO MEPCIEKTUB-
HBIM KJIACCOM JIUTAH/IOB, OJIOKUPYIOIINX 3TOT PEIeTTOp, SIBJISI-
J0TCSl UMUIA30NTMPUIMHBI. X JIETKO MOXHO CUHTE3MPOBaTh C
TTOMOIIBIO TPEXKOMITOHEHTHOM peakiuu YTH, ¢ KOTOPOW MbI
OoJiee MOAPOOHO MO3HAKOMHUMCSI B HallleM Kypce B JaJIbHEH-
eM:

RZ
Np,  OHC
2
1 EtOH, HCIO,
R + R3 E—
N /
CN
1 — R®
— R
N/
NH
5
R

Brok-cxema sKcriepyMeHTa TIpencTaBlieHa Ha puc. 1.2a.
B pabore ucnonb3oBancg mukpopeakrop «KombiMix» (peak-
TOp 6 Ha puc. 1.1a) o6bemoM 13 MukponauTpoB. M3 ogHOro mHes-
MaTHUYEeCKOTO J03aTOpa B MUKPOPEAKTOP MOIAETCSI PAaCTBOP CMe-
CU aMMHAa U aibleruaa B ataHose ¢ nodaskoit 10 % HCIO,, ko-
TOpasi MUCITOJIb3yeTCcsl Kak Karaiauzatop. M3 Broporo mosaTtopa
OIHOBPEMEHHO MOIAeTCsl PACTBOP U3OHUTpPUIA B 3TAHOJIE TaKOM
XKe KOHLieHTpaluuu. PacTtBopsl B cooTHoueHuu 1 : 1 cMmeliuBa-
FOTCS Ha BXOIE. YCJIOBUS TIPOBEICHUS PeaKLMU OBLIN ONTUMMU-
3UpOBaHbl B CEpUM TpeIBapUTENIBHBIX dKCIepMMeHTOB. Ham-
JIy4dlliie pe3yabTaThl ObUIM TIOJydeHbI Tipu TemmepaTtype 100 °C
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Puc. 1.2a. biiok-cxema akcriepyuMeHTa

M CKOPOCTH TIoTOKa 15 MKJI/C. 3aMeTHM, 4TO Bpemsi TIpeObiBa-
HUSI peareHTOB B PeakTope MPU TaKOi CKOPOCTU TTOTOKA COCTAB-
Js710 MeHee 1 ceKyHbl. PeakiiMoHHasi CMech U3 MUKPOPEaKToOpa
MOCTYMAeT B KOJIOHKY XUAKOCTHOTO xpomartorpada ¢ YD-ne-
TeKTopoM. [1pu mosiBIeHUM NMUKaA Ha XpoMaTorpaMmme 4acTh To-
TOKa HaIpaBJIsSIETCs] Ha BXOJ Macc-CIIEKTpOMETpa M/Wju CIIeK-
TpoMeTpa SIMP, rne MrHOBEeHHO OIpenessieTcsl CTpyKTypa To-
SIBUBLIETOCS BelllecTBa. Kak TOJIbKO OOHApY:KMBETCSl HYXKHbBII
MPOMIYKT, PACTBOP COOMPAETCS B OTAEIbHBIN CIIeIIMaIbHBIN TTPH-
eMHUK. [ToTHOe BpeMsi SKCITepMMeHTa C MOMEHTA BBEIIEHHUS C-
XOIIHBIX PEAareHTOB JI0 MOJyYeHUSs] MePBOTO YUCTOTO KOHEUHOTO
npoaykTa coctaBuio 20 MuHYT. [1ocie Toro Kak mpoayKThl ep-
BOW peaklMy TTOKWHYJIU CUCTEMY, B Hee BBOISITCSI HOBbIE MCXOJI-
Hbl€ BEIeCTBa, U MPOBOAUTCS HOBBIM CUHTE3. BbIXOJBI KOHEU-
HBIX TIPOIYKTOB B 3TUX YCJIOBUSIX JUIS Beeit cepuu u3 17 moiry-
YEHHBIX 1IeJIEBbIX COeAMHEHU I TipeBbItaiu 90 %.
KoHTpoJibHBIE ONBITHI MOKA3aJIM, YTO JUISI JOCTHUKEHUST TeX
XK€ BBIXOOB B CTAHIAPTHOM JIAOOPATOPHOM 3KCIEPUMEHTE C
IPaMMOBBIMU KOJIMYECTBAMU MCXOIHBIX BEUIECTB YMCTOE BpEMSI
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peakunu (6e3 BpeMEeHU Ha BBHIIEJICHUE M OYMCTKY IPOIYKTOB)
COCTaBJIsIET OKOJIO 2 yacoB. Ero MOXXHO COKpaTUTh A0 15 MUHYT,
ecau nmpoBonuTh cuHTe3 npu 170 °C B MUKPOBOJHOBOM peak-
TOpE.

PesynbraThl paboThl BeCbMa KpacHOPEeUUBHI — 17 HOBBIX CO-
eMMHEHUIN OBLIM CUHTE3MPOBAHBI, CIIEKTPAIIBHO OXapaKTepu30-
BaHbI, OYMIIEHBI W BBIIEJICHBI 32 OAUH pabouuii neHb. Ho uto
K€ MOXHO CllelaTh ¢ HECKOJbKUMM MMKpOTpaMMaMM KaXKIo0To
U3 TTOJTYYEHHBIX BeIlIeCTB? DTOT0 KOJIMYECTBA BIIOJHE 10CTaTOY-
HO IJIST TIPOBEICHUS WCIIBITAHWII Ha OMOJIOTMYECKYIO aKTHB-
HOCTh. Takme 3KCIepUMEHTHI TaKKe ITOTHOCTHIO aBTOMATH3H-
pPOBaHBI.

JecsaToK ApYrUX HaydyHbIX TPYIIT B MUpPE pa3padaThiBalOT Ha-
MpaBJeHUE OCYIICCTBICHMUS HECKOJbKUX CIEAYIOIIMX OpYyr 3a
IPYTOM TIOCJICIOBATEIbHBIX XUMUUECKIX PeaKIuii B IIOTOKE Oe3
BBIICJICHUS TIPOMEXKYTOUHBIX TIPOTYKTOB, HO B OOJIBIITNX KOJTTIE-
cTBax (10 coTeH TpaMMOB U aaxe 0osee). [Toxaiyii, cambIx Brie-
YaTJSIIOIMX PE3YJIbTATOB 3[ECh JAOOWINCH COTPYIHUKHU CIIELIU-
aJTbHOTO MCCJIEIOBATEIbCKOTO IIEHTpa, co3gaHHoro B 2004 r.
KpynHeimeir ¢dapmaneBrnueckoii kKommanueit «NOVARTIS»
COBMECTHO ¢ MaccadyCeTCKUM TEeXHOJIOTUISCKUM WHCTUTY-
TOM, BceMUpHO u3BecTHbBIM MIT. LleHTp, B KOTOpBIA upma
yxe Biaoxuiaa 6onee 700 MJIH AOJJIapOB, TOJYYMJ Ha3BaHUE
«The Novartis-MIT Center for Continuous Manufacturing» —
«dentp MTU — HoBapTuc no co3gaHUI0 HETIPEepbIBHBIX IIPO-
u3BoacTB». Ero BosmiaBun mipodeccop bepuxapar Tpayr
(Bernhardt L. Trout). YeTbipe rona cneuragarcThbl 3TOTO LIEHTpa
MOTPaTUIM Ha CO3AaHKMe TUTAaHTCKOTO XUMUYECKOIo poboTa, 3a-
HUMAaIOIIEro TIomanb 8 X 2,5 M, KOTOphIii 0e3 BMelIaTeIbcTBa
JIIONIE TIOM, TIOJTHBIM KOMITBIOTEPHBIM KOHTPOJIEM B HETIPEPBIB-
HOM peXUMe HavaJl TIPOU3BOAUTH reMupymMapartaT aTucKepuHa
(3 dpexTuBHOE CPEeACcTBO, MOHMXKAlOIIee apTepualbHOE JdaBiie-
HUE, ¢ MUHUMAaJbHBIMU MOOOYHBIMU NEeCTBUSIMU, puc. 1.3a).
B cencaumonHoM otyeTe coobiaetcs: «C Toro MoOMeHTa, Kak
MBI OTKPBIIH KpaH M BKIIFOUIIN PYOWIIBHUK, O MOMEHTA TIOSIB-
JIEHWSI BEIlIeCTBA B IBYXMETPOBOI TPyOKe CYIIMJILHOTO armapa-
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Puc. 1.3a. AnmickepuH

Ta, KOTOPBII CTOSUT HA BBIXOJIE, TTpolio 47 yacoB. 3a 3TO BpeMs
6buT0 mpoBeneHo 14 omepauuii. OO0bIYHBIN cuHTE3 (21 omepa-
1ust) motpedona 300 yacoB».

DddeKTUBHBIN JTIeKapCTBEeHHBIN TIpernapaT J0DKeH MPOYHO
CBSI3BIBATBCSI B AKTUBHOM IIEHTpE BBIOPAHHOTO pelenTopa.
CTpyKTypbl OOJBIIOrO YHUCIA PELENTOPOB, MPEICTABISIONINX
co0oii, KaK MpaBUIO, IIIOOYISIpHBIE OEJIKU, Ceiiyac XOpoIlo U3y-
YeHBI, U3BECTHBI TPEXMEPHBIC CTPYKTYPHI MX AKTUBHBIX IICH-
TpoB. Pa3paboTaHbl METObI BBIACIEHUS TAKUX OETKOB U UX MO-
JIy4eHHUsSI C TIOMOIIBIO TeHHOUW WHXEHepuu. BuImeneHHBIN pe-
LIETITOP «MMMOOUIU3YETCS Ha OMOUMTIE», T. €. TIPUKPETUISIETCS K
€ro MOBEPXHOCTU Yepe3 JUHKEp OIpeAcsIeHHOW JIMHBI KOBa-
JICHTHOH cBsi3bI0. [Ipy KOHTaKTe IMOBEPXHOCTU YHMIIA C PACTBO-
POM TIOTEHIIMATLHOTO JINTaHAA CBSI3bIBAHWE PETUCTPUPYETCS U
KOJIMYECTBEHHO OLIEHUBAETCSl CIEKTPaJIbHBIMIA METONaMM, Ha-
IpuMep 10 U3MEHEHMIO CIIeKTpa JJIOMUHUCIeHITN. Co3maHbl U
TTPOM3BOISITCS OMOYUTTBI, HA KOTOPHIX OJHOBPEMEHHO NMMOOH -
JIN30BaHbI AECSATKM Pa3HbIX PELIENITOPOB, YTO MO3BOJISIET B Of-
HOM 3KCIIEpUMEHTE OIPEeNeIsiTh OYeHb IMUPOKUIl CIIEKTp OMO-
aKTUBHOCTH BelllecTBa. Bce omepaliviy pu 3TOM BBITIOJTHSIIOTCS
ABTOMATUYECKU MO KOMITbIOTEPHBIM KOHTPOJIEM.

CosgaHne HOBOTO JICKapCTBEHHOTO IIperapaTa BKIII0YaeT He-
CKOJIbKO 3TamnoB. [1epBblii aTar, Ha KOTOPOM MTPOBOUTCST BHIOOD
CTPYKTYPhl MOTEHUMAJIbHOTO JIMTaHdA — <«@UPMYAAbHbII CKpU-
Hune». CyIIecTBYyeT HECKOJBKO IOAXOIOB K PEIICHUIO 3adadyu
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BBIOOpA, cpean KOTOphIX Hanbosee 3¢ deKTuBHEI ABa. Eciu u3-
BECTHA TpeXMepHasi CTPYKTypa pelLenTopa, MpoOBOAST KOMIbIO-
TEpHOE MOACIUPOBAHUE («IOKUHI») CTPYKTYP KOMILIEKCOB C
pPa3HBIMM JIUTAaHAAMU B aKTMBHOM LIEHTPE 1 BbIOMPAIOT B Kaye-
CTBe O0BEKTa CHMHTE3a COCAMHEHHE WJIM TPYIITY POACTBEHHBIX
COCMMHEHUI, KOTOpHIE, IT0 JaHHBIM pacueTa, HanbdoJjee IIPOIHO
CBa3bIBalOTCS C peuentopoMm. Ceillyac Takoe MOIEIUPOBAHUE
OCYILECTBJISIIOT C UCITOJb30BAaHUEM METOJIOB MOJIEKYJISIPHOM Me-
XaHWKU, HO, 5 IToJIararo, BeCbMa CKOPO MOSIBITCS 1 YKe MOSIBJISI-
FOTCS OOJIee CTPOTHUe CITeIIMaIbHO MTapaMeTPpU30BaHHBIC KBAHTO-
BOXMMMYECKIE METOMIBI, KOTOPBIC ITO3BOJISIT BEITIOTHSITH OYCHB
OosiblIe 00beMbl HEOOXOAMMBIX BbIUMCIeHU. Ecnu yxe us-
BECTHBI, KaK 3TO Yallle BCETO U ObIBAET, CTPYKTYPhl 3HAUUTETb-
HOTO YMCJIa JIUTaHA0B VISl TaHHOTO PeleNnTopa, aKTUBHOCTH KO-
TOPBIX OXapaKTePU30BaHbI KOJMYSCTBEHHO (3TU CBEACHMS MOX-
HO HaiiTu B 0a3ax IaHHBIX), TO Ha OCHOBE 3TUX TAHHBIX
metonamu QSAR cTposiTcs MaTeMaTUUEeCKUE MOAEIN, OITUCHIBA-
IOIIIMe CBSI3b aKTUBHOCTU CO CTPYKTYpoil. C UX MOMOIIbIO TTPO-
THO3UPYIOT OMOJIOTMYECKYI0 aKTUBHOCTb HOBBIX MOTEHLIMATIb-
HBIX TUTaHI0B. HameXXHOCTh TeOpeTMUeCKOro IIPOTHO3a 3aBUCUT
OT MHOTHUX (DaKTOPOB, U B TIEPBYIO OUYepeab OT pa3Mepa U Kade-
CTBa «o0Oyyarollieit BbIOOpKM», Ha KOTOPOi1 Oblj1a MOCTpOEHa MO-
nenab. CBeneHUsIMU 00 aKTUBHOCTSIX HOBBIX BEIIECTB MOMOIHSI-
IOT UCXOAHYIO 0a3y JaHHBIX, U Ha HOBOIi, OOJIbIIIEH Mo pa3Mepy
BBIOOpKE yTouHsgeTcst QSAR-Momens, Ha OCHOBE KOTOPOIf BHOBb
MPOBOAST «BUPTYAIbHBI CKPUHUHI», MOCTENEHHO J100MBasICh
BCE JIYUIIMX pe3yJIbTaTOB B TAKOM UTEPALIMOHHOM ITIpolLiecce.
Bosnee cioxHbie mpobeMbl BOZHUKAIOT MPU MOMBITKE aBTO-
MaTHU3UPOBATh BTOPOIl 3Tam pabOThl — BBIOOP ONTUMAJILHOTO
MyTU CHHTE3a JIMTAHIOB, OTOOPAaHHEIX IO pe3yIbTaTaM MaTeMa-
TUYECKOTO MoJerpoBaHus. Beab naxe onbITHBIA XUMUK-CUH-
TETUK Cpa3y He MOXET MPeII0XKUTh MHOTOCTAAUIHYIO TTOCIEn0-
BaTeJIbHOCTh COOPKU CTPYKTYPhI, KOTOPYIO MOXHO OCYIIIECTBUTD
C TIpUEeMJIEMBIMU 3aTpaTaMy BPEMEHHM M C XOPOIIMMM BbIXOa-
mu. [IpaBma, yke co3maHO HECKOJTBKO KOMITBIOTEPHBIX IIPOTPaMM
(RECAP, Chematica, SYNOPSIS), koTopble MOMOTraroT XUMu-
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KaMm B TakoM BbIOope. B rpymnmne IlIHalinepa pa3paboraHa HoBast
koMmmbloTepHas nporpamma «DOGS» (ecm. PLoS Computational
Biology, 2012, &, No. 2, €1002380, www.ploscompbiol.org), ko-
TOpasi aBTOMaTUYECKU aHAIM3UPYET BO3MOXHOCTU COOPKU 1ie-
JIEBBIX CTPYKTYp, ucxonsd u3 25 144 GI0KOB-IIpenIIecTBeHHN-
KOB, KOTOpBIe KOMMEPYECKH MTOCTYITHEI. 3a OCHOBY IIPH CO3/Ia-
HUM OUOJMOTEKU CTPOUTENIbHBIX OJIOKOB ObLT B3SIT TMOJHBIN
Katayior ¢pupmbl Sigma Aldrich (oxosio 57 000 coeauHeHMit), U3
KOTOPOTO ObLIM BIOPAaHBI TOJBKO BEIIECTBA, COMepKallie aTo-
Mei C, N, O, S, P, F, Cl, Br, I, B, Si u Se, HoO NCKJTIOUE€HBI COeTN-
HEHMST ¢ MOJICKYJISIpHBIMA MaccaMu MeHbIre 30 x/la u 0oJblie
300 k/la, a TakxKe BellecTBa, coAepxallue 0oJiee TpeX aTOMOB
dTopa u Gosee yeTbIpeX KOHIEHCUPOBAHHBIX KoJjiell. B kauecTe
METONIOB COOPKU LI€JIEBBIX MOJICKYJI MO JUTEPATypPHBbIM JaHHBIM
ObLIM BBIOpaHBI M CIlELUAJIbHBIM 00pa3oM 3aKOAUPOBaHBI
15 HauboJsiee 0TpadOTAaHHBIX METOIOB BBeAEHUSI (DYHKIIMOHAIb-
HBIX TPYMIT ¥ WX B3aMMOIIPEBpAIleHUI, a TakKe 58 CMHTeTHYe-
CKHX peaklMil TIOCTPOCHUsI CKEJIETOB MOJIEKYJI, KOTOPbIE ITPOTe-
KaloT C BBICOKUMM BBIXOJAMM U YCIOBUS TSI KOTOPBIX IETATbHO
oTpabotaHsl. [IporpaMMa 1o CIIEIMAIBHOMY WTEPAllIOHHOMY
AITOPUTMY TIPOBOINT PETPOCHMHTCTUICCKUII aHAIN3 IIeIeBOM
CTPYKTYpPhI, OLIEHUBAET MyTU €€ COOPKU U TpeaiaraeT HaudoJsee
npueMeMbli yTh. [losydyeHHBIe pe3yJabTaThl BHI3BIBAIOT OMpe-
TIEJICHHBIN ONTUMM3M, XOTS HEOOXOOUMOCTh HAJTbHEHIIEro co-
BEpIIICHCTBOBAHMST OUCBUITHA.

PoboTtu3zamums caMoro cuHTe3a OTOOPAHHBIX COCTMHEHU C
WCITOJIb30BaHNEM MUKPOMIIONIHON TeXHUKU, a TaKKe B Ma-
Kpomaciirtabe, Kak cjieayeT U3 MPUBEASHHOIO BhIlIe MpUMepa,
SIBJISIETCSI YMCTO TEXHUUYECKOM 3amaveil, Tak e KaK U COIpsiKe-
HUe 0JI0Ka CHMHTe3a ¢ OJIOKOM MCITBITAHUI Ha OMOJIOTUYECKYIO
AKTUBHOCTh. ABTOMAaTU3MPOBAHHbBIE CUCTEMbBI TAKOTO THUIIA YKe
CYLIECTBYIOT U aKTUBHO UCIIOJIb3YIOTCS. TakuM oOpa3om, ObI-
CTPOE COBEPIICHCTBOBAHUE MUKPOMIIOUIHON TEXHUKU U MPO-
TOYHBIX MHUKPOPEAKTOPOB OTKPBIBACT PEaJIbHYIO MEPCIIEKTUBY
OCYIIECTBICHUS (PaHTACTUICCKOM, IeP3KOI MEUTHI IIOJTHOI po-
0OTH3allNM TIOJIYUCHUS OPraHUMYEeCKUX COCTWHEHUIA ¢ 3apaHee
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¢z
3aJaHHBIMKA CBOMCTBaMHU, B TOM YHMCJIE CO3TaHMSI HOBBIX JIe-
KapcTB. ITonaraio, 94To 3TO MHEHHME MOXET OBITh CO CKEITTHYE-
CKOM yJIBIOKOI BCTPEUYEHO MHOTMMU XUMHMKaMU-OpraHUKaMHU.
Kak 0ynyT pasBuBaTbcsi COOBITUS, MOKAXKET OnxKaliiiee Bpemsl.
CocrosiHue 3Toil objactu Ha Havayno 2014 r. mpeacTaBieHO B
muHu-0030pe IllHaiinepa ¢ corpynHukamu (Agew. Chem. Int.
Ed. 2014, 53, 5750—5758). NHTepecHBIIT MaTeprall MOXKHO TaK-
ke HaiiTh B cratbe Mapka [lerutoBa (M. Peplow) (Nature, 2014,
512, 20—22).

ITocnenuTe najiee camu 3a pa3BUTHEM COOBITUI B 3TOI 00J1a-
CTU U 3a pabotamu rpymibl podeccopa IlHaitnepa. OH HaBep-
HsIKa J0OBETCS CaMBIX BBICOKMX HAyYHBIX Harpaa. Pasymeercs,
CTPEMUTEIEHOE BTOpKEHNE MUKPOMITIONIHON TeXHUKU B Opra-
HUYECKUII CMHTEe3 HUKAK He yMaJsieT 3HaueHUS KIJIACCUIEeCKUX
METOIIOB CUHTEe3a, KOTOphIe Bcerna OymyT HeOOXOMMMBI TIpU Ha-
paboTKe OOJIBIIMX KOJMYECTB BELIECTB, B TOM YMCJIE B IIPOMBIIII-
JICHHBIX MacllTadax.

Lonoanenue 2 k nekuyuu 1

N3 nnyHbIX BOCNOMUHAHWIA.
Akapemuk N.A. PebuHaep BbicTynaet
nepes LUKONbHUKaMM

BecHoit 1970 r. gekaH dakynbteta npodeccop W.B. bepesunn gan MHe, B To Bpems
elle MOSIOAOMY KaHAWIATY HayK, OTBETCTBEHHOE 3a/laHWe — OPraHu3oBaTh MpoBeje-
HWe TPaaULMOHHOTO [1HA OTKPbITLIX ABepei Ha XuMuyeckoMm ¢akynbTete. HacTasnas
MeHs, Mnba Bacunbesuy ckasan:

— [eno 3To He OYeHb CNOXHOE, MOCKOMbKY €CTb OT/IMYHAA KOMaHAa, KoTopas
Y4acTByeT B 3TOM MEPOMPUATUN MHOTO NieT U Bce POPMANbHOCTU 3HAET — MlaKaTkbl MO
ropoAy passellieHbl, MO Pajuo W TENIEBUAEHNIO fleHb U Yac obbABneHb!. Bonbluas xu-
MUYECKaA ayAMTOPUA BMECTUT BCEX XKENAOLLMX, OTBETCTBEHHbIE 32 NPOBe/ieHe MoKasa
nabopatopuit BceMu kacdeapaMu BblAeneHbl U MPOMHCTPYKTUpoBaHbl. OcTaeTca oa-
HO — c/lenaTh TaK, YTOObI BbICTYN/IEHMA Y4eHbIX, KOTOpble OyAyT pacckasbiBaTh O ¢a-
KynbTeTe, GblM MHTEpecHbIMKU AnaA pebst. HyxHo o6A3aTenibHO MpUrnacutb Koro-Hu-
Oyab U3 Halmx akagemukos. [Monpo6yit norosoputs ¢ NetpoM AnekcaHpouueM
Pebungepom.
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B «kabuHeT s3aBegytoulero kadegpoit
KOJINIOMAHON XWUMWUW, BCEMUPHO M3BECTHOTO
coszatens  (UMKO-XUMUYECKON  MEXaHUKM
akagemuka [N.A. PebuHaepa s Bolen c Aay-
LeBHbIM TpeneToM. Beicnywae Moto mpock-
6y, OH HEOXMAAHHO NErKo COrnacunca Npuit-
TM Ha BCTPEYYy CO LUKOJIbHWKaMK, KOTOpas
6bina HasHayeHa Ha |0 4acoB yTpa B crieayto-
Liiee BOCKpeceHbe.

MepenonHenHaa ayautopua (BXA BMme-
waet Ao 600 yenosek) xgana Havana c He-
TeprieHneM. AkaZemMuK onasgblBan ye Ha
I5 MuHYT, A rotoBunca Hauatb 6e3 Hero u
yXe cobupanca npeAoCTasuTL Nepsoe Cio-
Bo npodeccopy B.M. Moranosy. Ho B 31OT

MOMEHT ABepb pacraxHynack, u [etp Anek-
CaHApOBUY OyKBasIbHO BeTEN B ayAUTOPUIO.

Metp AnekcaHgpoBuy

EbICTpO CHAB nfalLl, OH LUenoTOM cnpocun y
Pe6bunpep

ren: (3.10.1898—12.07.1972)

— A 3TO CTyZeHTbl UK LIKOJbHUKN?

A ckasan, 4To 3TO LUKOMBHUKM, KOTOPblE MOFYT CTaTb HALLUMMM CTYAEHTaMW, U UX
HaZo MpUBMeYb K MnocTynneHuto Ha ¢akynbTet. Metp AnekcaHapOBMY, OKWHYB B3r/is-
[IOM BCIO ayZiUTOPUIO CBEPXY AOHM3Y, NMPUBNM3NICA K MEPBOMY PALY U 3BY4HbIM Gapu-
TOHOM rPOMKO CKazas:

— 3papascTByiiTe, MoM toHble Apy3ba! fl paj BUAETL Bac 34eCh, B CTEHAX XUMUYe-
ckoro dakynbTera. fl AyMato, 4TO MHOrME, KTO CEroAHA MpULLEN CloAa BrepBble, oce-
HbIO 3TOrO rofla CHOB2 ClOAa MPUAYT Y>Ke KaK CTYAEHTbI, MOCKOSbKY YK€ peLunin cTatb
xuMukamu. [MogHUMUTE PyKM Te, KTO y>Ke PeLumnn CTaTb XUMUKOM!

B oTBeT B3MeTHYNCA flec pyK, a MOTOM K TEM, KTO Cpa3y OTBETU/ Ha MpU3bIB akaje-
MUKa, MPUCOEAVHUNOCH €eLLie HECKOJIbKO.

— A Tenepb 51 xoTen Bbl CNPOCUTB, KTO U3 NMPUCYTCTBYHOLLMX NFOBUT MaTeMaThKy 1
NAaHUpyeT CTaTb MaTeMaTUKOM!

MoaHAnoCh HECKONbKO AECATKOB pyK, ayauTopua 3arygena. [etp AnekcaHgpo-
BMY C BOOAYLLEB/IEHNEM MPOLOIIKAI:

— [py3bs Mon! MHe 0cobeHHO MpUATHO MPUBETCTBOBATL 3A4€Ch TEX, KTO No6UT
MaTeMaTuKy. MaTeMaTika — eCTeCTBEHHbIN A3bIK BCEX TOYHBIX AUCLIMMIIMH, K KOTOPbIM
oTHoCUTCA U XuMus. VIMeHHO B XuMuu, rae cylyecTByeT HGeckoHeuHoe pasHoobpasve
HOBbIX BELLECTB, KPUCTANIINHECKUX U aMOPPHBIX (a3 1 MaTepuanos, MaTeMaTUK HanaeT
UCKSIOUUTENBHO UHTEPECHDBIE U MPAKTUYECKM BAXKHbIE 33/a4M, KOTOPbIE XAYT €ro MbiT-
nueoro yMa. M i 3Hato MHOMMX BbIJAIOLLMXCA MAaTEMATUKOB, KOTOPbIE 3aHUMAIOTCA UX
pewenveM. Ha HaweMm dakynbTeTe NporpamMMbl NOArOTOBKM MO MaTEMATUKE MOYTH Ta-
Kue e, KaK Ha MeXMaTe, a MHOrME 13 MOMX CTYZIEHTOB, KOrAa UM He XBaTaeT crieLyasb-
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HbIX MaTeMaTUHYECKWUX 3HaHWM, CIyLLAIOT feKuun TaM. fl ybGexaeH B TOM, YTO Te, KTO
NOBUT MaTeMaTUKy, He OLLMBYTCA, eClu MPUAYT YUUTbCA Ha XUMdak.

Ayputopua ofobputenbHO 3allyMena.

— A Tenepb 7 XO4y CMPOCUTb, €CTb NI CPEAM MPUCYTCTBYIOLMX T, KTO JIOBUT
dusnky?

[pyxHoe nofHATUE PyK U OXMBIEHHbIA POMOT Cpasy NokKasanu, YTo nobutenei
$u3nKkK B ayauTopumn cobpanock 6onblue coTHU. AKaeMUK NpOAOIIKanN:

— [Opy3ba Mon! Mpanuubl Mexay xuMmnen u dusmukomn uncto ycnosHel! Ha pan-
HWX MOpax pasBUTUA HayKu He Gbino Aenenns Mexay Humu. KeM 6bin Benvkuin Muxa-
un Bacunbesuny JloMoHocoB? OH 6bin ¥ XUMUKOM, U DUBNKOM, U XYZLOXKHUKOM, U MO-
3ToM! MIMEHHO XMMWKM MCMONb3YIOT CoBpeMeHHble hUsnYecKkne MeTofbl — CMeKTpo-
CKOMUIO BCEX BUAOB M MACC-CMEKTPOMETPUIO, @ TaKXKE PEHTTEHOCTPYKTYPHbI aHanms
U XpoMaTorpaduio B CBOeil Kax/Jo[HeBHON paboTe. VIMEHHO OHM CTaBAT HOBble 3a-
fauv nepes GU3MKaMK, U Te CO3AAIOT HOBbIE METOZbI CMELMANbHO ANA PELUEHUA Xu-
Mudeckux 3agad. CunbHbIl UMK HEOBXOAMM B KXKAOM XMMUYECKOM nabopatopuu,
1 TOT, KTO NIOBUT PU3NKY, 2 MPUAET YHUUTLCA HA Hall ¢akynbTeT, He oWnGeTcs B Bbl-
6ope nytn. OH GyAeT 3aHMMaTLCA CaMOW MHTEPECHOW HayKon — (U3MYECcKon Xu-
Mueit!

Ha nepsom paay cuzena ceetnosonocan ronybornasas feByluka, Nepes KOTOpo
nexan pomaH ®paHcyasbl CaraH Ha ¢paHLy3sckoM ssbike. [eTp AnekcaHgpoBuy 3Han
¢dpaHLy3ckuii B coeplueHcTee. OH B3AN KHUrY, NOKasan ee ayAMTOpUM U CKasan:

— MHe TaK NpUATHO BMAETb, YTO CPEAM HAC eCTb Te, KTO M3y4aeT MHOCTPaHHble
A3bIKK U MOBUT nuTepatypy. MycTb oHM NogHUMYT pyKu.

TyT pyku nogHUManuch He cpasy, a ABE WM TPU MOAHATbIE PYKU CHOBA OMyCTW-
nmck. AkafieMUK BepHY N KHUTY rony6ornasoit kpacasuue 1 NpoAosiKan:

— Kaxablit XMMUK JOIDKEH 3HATh Kak MUHUMYM Tpu si3bika. B TedeHne noytn Beka
CaMOW CUNBHOM XMMUYECKOW KOO Bbina HeMelKaa wKona. 3aeck BaM 0b6a3aTeNbHO
MPUAETCA YUTaTb HEMeLKUe XKypHarbl. CaMbiit GOMbLLON XUMAHECKUI CMPABOYHMK, CO3-
[aHHbI poccuiickuM xummnkom Pepgopom DepopoeuyeM belnbluteitHoM, Toxe Hanu-
CaH Ha HeMeLKoM Asblke. A Tenepb MeXAyHapOZHbLIM A3bIKOM XMMUKOB CTasn aHrmit-
ckuin. Ha HeM nyBnnKytoT cTaTbi B NlyHLIMX XKypHANax v AenatoT JOKNabl Ha MEXAyHa-
poAHbIX KoHpepeHUMaX. WM koHeuHo ¢paHuysckuit! JlaByasbe, Xepap, Tenap,
leit-JTtoccak, Benukme lMactep n MpuHbAp! A gyMato, MHOTMeE U3 Bac yxKe 3HAIOT 3TU
MMeHa 3aMeyaTesibHbIX PpaHLy3CKUX y4eHbIX... (3251 ogobputenbHo 3arygen). Mosto-
My i COBETYIO T€M, KTO JIIOOUT MHOCTPaHHbIE A3bIKM, 6e3 kKonebaHMin NoCTynaTh K HaM.
OHu cpasy nosyyar 3HauuTesNbHbIE NpenmMyLlecTsa. VM Gyaert nerye yuutbes, UX XayT
Gornblume ycrnexu B Hayke.

AKaZleMUK CTpeMUTenbHO MOoBepHysca K Tabnuue MeHpaeneesa, B3MaxoM pyKu
onucan 6osbLLIOM Kpyr, Kak Gbl MbiTasch BMecTe cobparb M CMeLLaTb BCE 3MIEMEHTI, U,
BCTaB B MoJ1-060poTa K ayAUTOPUM, CAENa HECKOMBbKO BbICTPbIX LLATOB B CTOPOHY:

— Barnanute Ha 3TO MHOroo6Gpasvie snemeHToB. OHO POXAAET MHOrOLBETHE.
CKOMbKO BENMKOJIEMNHBIX APKUX KPACOK XUMUKW MOAApUNIM XyaoxHukam. [a u cpeau
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XVUMUKOB ObINIO MHOTO TaNaHT/IMBbIX XXUBOMMCLIEB. Benmkuit ppaHLly3ckuin Xy [oxHUK
OxeH [enakpya nucan o Jlyu Mactepe: «Ero yeneueHne xummeit cnacno MHormx co-
BPEMEHHBIX MY >KMBOMUCLIEB OT TaJTaHT/IMBOrO U YMHOTO KOHKypeHTay. M celtqac nop-
TpeTbl 1 MacTenu [NacTepa MOXHO yBUZETb B ero Mysee. TOT U3 Bac, KTO JOGUT XKUBO-
nnck 1 obnajjaeT OCTPbIM FNa30M XyA0XHMKA, JOMDKEH 3HaTh, YTO €ro XJyT UMEHHO Ha
HaweM ¢akynbTeTe. HabnoaaTenbHOCTb, TOHKOE HyBCTBO LiBeTa U OPMbI O4EHb HyX-
Hbl XMMUKY, KOTOPbIil KaXAbli1 AeHb CTaNKMBAETCA C MHOroobpasveM LiBeToB U popM
Kpucrannos!

Cpenas naysy u, nogo6HO AUpWKepy nepej OPKeCTPOM, BCKUHYB PyKM, akaZeMuK
BOCKJIMKHY

— A pasBe Mory A 34ecb He 0bpatuTbea K Ntobutenam Myssiku!! Bcnomuute, My-
3bIKasIbHbIN reHuit, aBTop 6eccMepTHoro «Mropay u boratbipckoit cuMboHMm, KTo Gbin
oH! Anekcangp Mopdupbesny bopoauH — eenukuii komMnosuTop, o kotopom Cracoe
nucan: «OH HecoMHeHHO ocTaeun Gbl nocne ceba MHOro Gonblue My3biKasibHbIX CO-
KPOBWLL, €C/v 6bl He MeLLann eMy 3aHATUA XUMUYEeCcKon Haykoit...» Ho coBceM uHave
ZlyMan O CBOEM yueHWKe U Jipyre BenMKkuin xuMuk Anekcanap Muxaiinoeny bytnepoe:
«bopoauH yxe Bnncan cBoe UMA B UCTOPUIO XMMUM, HO BKJIaZ, €ro MOT Bbl YMHOXMUTb-
cs, He OTBfEKaii ero OT AGOPaTOPHbIX 3aHATUI CTPacTb K My3bike!» Bbi, nioburenu
NpeKpacHoii rapMOHMK, HaliZieTe 37eCb MPUSTOXKEHWEe CBOWM TanaHTaM. Hatum Mysbikans-
Hble KOJUIEKTVBbI — JlyYllMe B YHUBEPCUTETE. ..

MeTp AnekcaHapOBMY LLIMPOKUM XKECTOM GPOCMA PyKU B CTOPOHBI U BHU3, Kak Obl
3aBEepLUMB NOCNeAHUI akkopa. Ayautopus B3opeanack annogucMertamn. Crywas sty
oBaLMIO, A MOZyMal, YTO BCE MPUCYTCTBYIOLLME 3aMOMHAT 3Ty peyb HaJoJIro, MOXET
ObITb, KaK A, Ha BCIO XW3Hb. HO TyT HEOXWAHHO OH BHOBbL MOAHAN PYKW, MPOCA TULLIK-
Hbl. AyavTOpUA MeANeHHO yCroKanBanach, M HaKOHeL, YCTaHOBUIICA POBHbINA ryJl, KOTO-
pblit nepeTekan no pagam. [eTp AnekcaHApoBuY cAenan Luar BNepeA, BCTaB MOYTU
BM/IOTHYIO K NEPBOMY pAZY, U BAPYT HEFPOMKO CMPOCUI:

— CkaxwTe, a HET /M Cpeay HacC Tex, KTO He JIIOOUT XVMMUIO, KTO ee TepreTb He
MoxeT?

Ayautopua MrHoeeHHo cMonkna. LLIkonbHVMKM B HeAlOyMeHWUM nepernafibiBanmce.
Ha ozHoM U3 3aHKX PAAOB BO3HUK LLUYMOK, @ MOTOM AOMrOBA3bINA MapeHb ¢ 60MbLLIMM
nboM u KpenkuM nogbopoakom npobacun:

— Hy, 2 He no6nio!

OkpyxatoLpe 3arangenu:

— Tak 3a4eM xe Thl ClOZ]a MPUTALLANICA, HEro BpeMA 3pA TpaTULLb!!

[MapeHb ynbIGHyncA 1 ckasan:

— [a a710 JleHa MeHs ciofia NpuTalumna, a caM-To A Ha pu3dak Nonay yunUTbCs...

MeTp AnekcaHapoBuY Beceno paccMennca:

— [o Yero xe yMHas y Te6s nogpyra! f1 BnonHe noHWMato Tex, KTO 3HaeT XUMUIO
TONBKO MO LIKOMBHOM MporpamMe. B ToM Buze, Kak ee B GOMBLUMHCTBE KON U3y4atoT,
XUMUIO MOMOBUTL HEBO3MOXHO. Tak Tebe MMEHHO K HaM HyxHo noctynatb! TyT Tbl 1
noiMeLLb BCIO KPacoTy Hallleil 3aMeyaTesibHOM Hayku. A Bbl BCe MepejaiiTe 3TO CBOMM
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Zpy3bAM, KOTOpbIE MOKa He NOBAT XUMUIO. 30BUTE MX CloZa, Mbl UX XXAeM. TyT Kaxzo-
My HaiifeTca 4esio no Aylue U No cunam.

Xnonanu rpoMko u gonro. [Netp AnekcaHapoBUY PacKNaHANCA C BUAOM MasCTpO,
UCNOJHUBLLETO TPYAHEWLLYIO NApTUIO, BbITEP JIO6 NIATKOM W MPOCTUICA C ay AUTOpUE,
COCMaBLUMCh HAa HEOTJIOXKHbIe Aena. MHe ckasanu, 4To NpAMO ¢ XUMdaka OH OTMpaBus-
ca B MarasuH «®Punatenuay nokynate HoBble Mapku. OH Gbin BnagenbleM OAHOM U3
NyYLIMX KOJEKLMA MapOK B Halleit CTpaHe.

[onroeasbiit napeHb KocTs, KOTOPbIN cO3HANcA B CBOEH HeNMobBU K XUMUK, Aeit-
CTBUTENLHO NOCTYNUA Ha $usdak u HGnectale ero 3akoH4Un. Heckonbko net cnycta A
BCTPETUN €ro Ha Hay4HOW KOHepeHLMM No KeaHTOBOM XuMuu B [anHHoBepe (IepMa-
HKA), koTopyto npoeoaun npodeccop Kapn tOr. Kocta npescrtasun 1aMm oueHb uHTe-
peCHbIN AoKnaa,.



NEKUNA 2
CKHEIETbI

N

OYHKUMNOHAJIbHBIE TPYTIMbI

OPIAHUNYECKMNX MOJIEKYJ]

Hacrosimiast oprannyeckast XuMust Ha9-
HaeTCs TaM, TIIe B OJHOI MOJIEKYJIe TTOSTBIISI-
€TCsl HEeCKOJIbKO (DYyHKIIMOHABHBIX TPYIIIT
U/VJTA HECKOJTBKO 2JIEMEHTOB XUPAJTbHOCTH.

A.H. Hecmesanos

CopepxaHue nekuum
2.1. Beeaenve

2.2. OcHOBHblE THMbI YyrnepoaHbIX CKeNleTOB OpraHU4eCKUX MoseKyn

2.3.

2.2.1.

222

223,
2.24.

JInHeitHble 1 paBeTBneHHble Lenu. [OMonorus u CTpykTypHas usoMepus
2.2.1.1. HacbiuweHHble yrnepogHble Leno4ku. AnkaHbl

2.2.1.2. YrnepogHble LLenoyku ¢ ABOMHbIMU CBA3AMU. ANKeHbI

2.2.1.3. YrnepogaHble Lenoyku ¢ ABOMHbIMU CBA3AMU. [J1eHb! 1 nonueHs!
2.2.1.4. YrnepoaHble LENoYKN C TPOMHBIMUA CBA3AMU. ATNKWHBI
Kap6ouukribl 1 MOMMLMKINYECKUE CUCTEMbI

2.2.2.1. HacbliwieHHble kap6oumkrbl. MoHoumkmmueckue upknoankatel CpoH,,
2.2.2.2. Kap6ouuKbl ¢ KpaTHbIMK CBA3AMU

2.2.2.3. Monnuuknnyeckme cncTeMbl

YrnepoaHsbie KapKacs!

Monekynbl ¢ Tononoruyeckoit ceasbto. KateHaHbl, poTakcaHb! U y3sbl

OCcHOBHblE TUMbI Cb)’HKLI,VIOHaﬂbeIX rpynn B OpraHU4eCKnx MoJsiekynax

2.3.1.

2.3.2.
23.3.
2.34.
2.3.5.

2.3.6.
23.7.

TanonaonpoussoaHble anMpaTMHECKOro 1 apoMaTMHeCcKoro pAfJoB CO CBA-
3amm C— X (X =F, Cl, Br, 1)

CoepauHeHns ¢ GyHKUMOHANBHBIMU TPYMNaMu, COAEPXKALLMMU KUCTIOPOZ,
CoeauHenmna ¢ GyHKUMOHANBHBIMU FPYMNaMu, COAEPXKALLMMA a30T
CoeauHeHna ¢ GyHKUMOHAIbHBIMU PYNMaMi, COAEPXKALLMMU CEPY
CoeauHeHna ¢ byHKUMOHAsbHBIMY FPYMNaMy, COAEPXKALLMMA pyrue reTe-
poaToMbl

[eoiicTBeHHoe nonoxexue kpatHbix ceazeit C=—Cu C=C

M3oMepust yHKLMOHATbHBIX MPOU3BOAHBIX

2.1. BeegeHue

B mKoIBHOM Kypce XUMUU BBl YK€ BCTPEUATMCh C MHOXKECTBOM
CTPYKTYpP OpraHUYECKUX COeNMHEHU. be3ycioBHO, BbI 00paTUIn
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C

BHUMaHWE 1 Ha BaXKHYIO OCOOCHHOCTH OOJIBIIIMHCTBA WX TPaHC-
dopmanmii — B Xole peakUMili 3aTparMBaeTcsl, KaK IpaBUIIO,
JIVITL HEOOJbIAsT YacTh MOJIEKYJISIPHOW crcTeMbl. MHOTHE XU-
MHWYECKHEe peaKIiM, TTOXKaIyi, X OOJBITMHCTBO, HOCSIT JTOKAIh-
HbII XapakTep. OCHOBHAs1 YaCTh MHOTOATOMHOM MOJIEKYJIBI — €¢
YeaepooHblil ckeaem — B HUX HE 3aTparuBaeTcs, a B KAUeCTBE peak-
LIMOHHBIX LIEHTPOB BBICTYIIAIOT TPYIIIIBI, COMEPXKAIIIME TeTePoaTo-
Mol (O, N, ranorensl, S, P u ap.). UMeHHO OHU, 3TU @yHKUUO-
HanbHble epynnbl, KaK MBI YKe 3HaeM, IPUIAI0T XUMIUECKUM COe-
IUHEHUSIM C pa3HbIMU CKeJIeTaMU XapaKTepHbI Ha0op OOIIMX
cBOMCTB. Tak TOSIBISIIOTCSI Pa3IMYHBbIE KJIACChl OPTaHMUYECKUX
MOJIEKYJI: CIIMPTHI, COAepXKalue ruapokcuibHyio rpyrnmy OH,
KapOOHOBBIE KMCIOThI, Hecyllue KapookcuabHyto rpynimy COOH,
HUTpocoenueHus ¢ rpynmoit NO, 1 MHOTHE Ipyrue, ¢ KOTOPBIMU
MBI YK€ BCTPEUYaINCh U BCTPETUMCS €1l1e HEOMHOKPATHO.

[Toyemy B GOJBIIMHCTBE XUMUYECKUX MPEBPAICHUI CBSI3U
C—C u C—H O0onee uHepTHBI, YeM TE€TEPOATOMHBIE CBS3U
C—X? BT0 CBSI3aHO C TAKMMU XapaKTepPUCTUKAMU XUMUUECKUX
CBsI3ei, KaK WX IMPOYHOCTh, MOJSIPHOCTb U TOJISIPU3YEMOCTb.
DTUM BOIIpOCaM TMOCBAINECHBI IBe Clemylomne JeKuuu. Harma
CETOJHSIIHSIS 3aJaya — pacCMOTPETh B caMOM OOIIEM BUIIE OC-
HOBHBIE TUIIBI YIJIEPOIHBIX CKEJIETOB U OCHOBHBIE TUIIBI (hyHK-
IIMOHAJIBHBIX TPYIIT OPTAaHNIECCKUX MOJICKYJL.

2.2. OcHOBHble TUMbl YrNEePOAHbIX CKENETOB
OPraHUYeCKUX MOJEKY

2.2.1. Jluneiinbie ¥ pa3BeTBJieHHbIEe nienu. ['omosiorus
U CTPYKTYPHAs U30Mepust

2.2.1.1. HaceplmeHHblie yriiepojaHble MEMOYKH. AJIKAHbI

JIuHeiiHas 1IeMoYKa YIJIEPOMHBIX aTOMOB, COSOUHEHHBIX OIM-
HapHbIMU O-CBsI3sIMU C— C, — MPOCTEHIINIA TUIT YTIIEPOIHOTO
ckesiera. OH TIPUCYTCTBYET B MOJIEKYJIaX MPENeTbHbBIX YIJIEBOIO-
ponoB aakanos od1eit popmyns C,H,, +,, COCTABISIONIMX TOMO-
JloruyecKuii psia. TpuBUaTbHOE Ha3BaHUE aTKAHOB «TapaduHbI»
MPOUCXOIUT OT JATMHCKOTO parum affinities, 4T0 03HAUACT OeoHble
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cpodcmeom M TIOMIEPKUBACT MHEPTHOCTh 3TOTO KJlacca OpraHu-
YECKUX COETUHEHUN B OOJIBIIMHCTBE XUMMUECKUX PEaKIIUii.

Tomonoeu — coemUHEHMS, OTHOCSIIMECS K OOIIeMy Kiaccy
U CTPYKTYPHOMY THUITYy U OTJIMYAIOIINECS IPYT OT Ipyra Ha ompe-
JIeJIEHHBI CTPYKTYPHBIN (hparMeHT — Ha 20MO0A02UMECKYIO pa3-
Hocmb. B 3TOM 1 BO MHOTHX IPYTUX CITy4asiX 20M0A0eU4ecKas pas-
Hocmb paBHa rpynne CH,. KpoMe romojornyeckoro psina ajaka-
HOB, CYIIECTBYIOT TOMOJIOTMUECKUE PSIObI ajIKeHOB, aJIKWHOB,
CIUPTOB, KapOOHOBBIX KMCJIOT M MHOTHE npyrue. PaccmaTpuBas
CBOICTBA Pa3HbIX KJIACCOB OPTaHMUYECKNX COCAMHEHMI B TTOCIIEe-
IYIOIINX JICKIINSIX, MBI YBUIMM, YTO IIPH ABVMKEHUH BIOJb 10 TO-
MOJIOTUYECKOMY psiy pU3UYECKUe U XUMUIECKHE CBOICTBA coe-
TUHCHWI 00BIYHO MEHSIOTCS 3aKOHOMEPHO U TIABHO.

Llernouku, odbpasyembie YIJIepOIHBIMUA aTOMaMU, MOTYT ObITh
JIMHEWHBIMUA U pa3BeTBICHHBIMU. BeiiencTBre 3TOro BO3HUKAIOT
CTPYKTYPHBIC M30MEPhI, COCAMHCHUSI, UMEIOIINE ONMHAKOBBIM
3JIEMEHTHBIN cocTaB (OpyTTO-(OpMYyJTy), HO pa3ainyarolimiecs no-
PSIIKOM CBSI3BIBAHMST aTOMOB B MOJIEKyJie. MBI yXKe BCTpEeUaInch
C 9TUM SIBJICHUEM CTPYKTYPHON M30MEPUU B JIEKIMM | Haliero
Kypca. [TepBble Tpu UjieHa psiia aJKaHOB He MMEIOT CTPYKTYPHBIX
n3oMepoB. s OyraHa Takasi BO3MOXKHOCTh MOsIBiIsieTcsl. bytaH
U 1300yTaH (2-MeTWJINPOMaH) CYILIECTBEHHO pa3/MyaloTcsl Mo
¢usnuecknm cBoiictBaM. 1o Mepe pocTa IJIMHBI YIJIEPOIHOM 1ie-
M4 YKUCIO CTPYKTYPHBIX M30MEPOB CTPEMUTEIBLHO pacTeT
(ta6m. 2.1). IIpocToii CBS3M MEXKITy YMCIIOM aTOMOB YIJIEpOaa # 1
YUCJIOM CTPYKTYPHBIX U30MEPOB HE CYILIECTBYET, HO CYILIECTBYET
peKyppeHTHast (hopMyia, KOTOpast MO3BOJISIET BHIYUCTUTH YUCIIO
CTPYKTYPHBIX M30MEPOB aJikaHa ¢ /N yIJIepOIHBIMUA aTOMaMHU, €C-
JIV U3BECTHO YMCJIO M30MEPOB IS TIPEABIIYIIETO WieHa psizia.

Ta6muua 2.1. Yucno ctpykTypHbix n3omepos ankaHos C,H,, ;>

®opmyaa | Hazanue ‘ucao ®opmyna | Hassanue ‘lucao
M30MepoB H30MepoB
C;Hg MpornaH 1 CsH3, | neHramexan 4347
C4Hyg OyTaH 2 CyoHyp | oiiko3aH 366319
CsHy, TIEHTaH 3 CysHsy | menrakozan 36797588
CgH 4 rexcaH 5 CsoHgy | TpmakoHTan 4111846763
C;Hq renTaH 9 CyoHgr | TeTpakoHTan | 62491178805831




Jexkyus 2. Ckeaemyl u (pyHKYUOHANbHBIE 2PYNNbL
0peGHUMECKUX MONEKYA

G

CH3CH25|HCHZCHZCH3 CH3CH2(T/HCH2CH2CH2CH3
CH, CH,
3-MeTuJIreKcaH 3-MeTuiIrenTaH

Puc. 2.1. DT ajikaHbl ¢ XUPAJbHBIM aTOMOM yIJIepoJa ObLIM pa3iefieHbl Ha
SHAHTUOMEPbI METOAOM KanuuisipHoit [ KX

B momonHeHMe K CTPYKTYPHBIM M30MepaM B PSIIY aTKAHOB MO-
TYT CYIIECTBOBaTh M ONTUYECKUE M30Mephl. Kak MbI yXe 3HaeMm,
€CJIM B MOJIEKYJIe TIPUCYTCTBYET aTOM yIJiepoaa, KOTOPbIi CBsI3aH
C YeTBIPbMSI PA3HBIMU 3aMECTUTEIISIMU (XUPANbHbLI AMOM Yyenepooda,
B PSIAY aIKaHOB C HUM MOTYT OBITh CBSI3aHBI aTOM BOIOPOIA U TPH
WIN YeThIpe pa3Hble aJIKUIbHBIC I'PYIINbI), BOSHUKAET €Ille OINH
TUI U30MEPUU — onmuyeckas usomepus. Takas MojieKysa cyuie-
CTBYET B BHJE Mapbl SHAHTUOMEPOB, OTHOCSIIMXCS APYT K APYTY
Kak IIpelIMeT M ero 3epKaJlbHOE OTOOpaXkeHHe, HECOBMECTHUMBIC
B TIPOCTPAHCTBE APYT C IpyroM. 3-MeTuirekcaH, 3-MeTUIrenTaH
(puc. 2.1) u HeckoJibko apyrux aakaHoB C(7) u C(8) ObLau pasae-
JICHBI Ha ONITUYECKHE aHTUITONBI MeTomoM [ 2KX ¢ mcrnomb30BaHm-
€M B KauecTBe XUPAIbHBIX (Da3 MOMM(UIIMPOBAHHBIX IIMKIIO-
nekctpuHoB. C ONTUUYECKOI U30MepUeii 1 MeToIaMu pasaeieHust
SHAHTUOMEPOB MbI MOAPOGHO MO3HAKOMUMCS B JIEKLIMH 6.

Bpamenne Bokpyr oguHapHBIX cBsi3eii C—C B opraHmde-
CKHX MOJIEKYJIaX OCYIIECTBIISIETCS OUYeHbB JieTKo. [1oaToMy Takue
MOJIEKYJIbl MOTYT CYIIIECTBOBATh B BUIE Pa3IUYHBIX KOHpopma-
yuil, KOTOpPbIE pa3INyaloTCsS MO CBOEW TEepMOAMHAMUYECKOM
crabunpHOCTU. Hanboliee ycToiunBoi KoH(popMaluen JuHe-
HBIX aJKaHOB SBIIsIETCSI KOHMOpMalus TIUIOCKOrO 3ur3ara
(puc. 2.2). bonee moapoOHO BOMPOCHI, CBSI3aHHbIE ¢ OapbepaMu
BHYTPEHHETO BpAIIeHUSI W YCTONYMBOCTBIO Pa3IMIHBIX KOH-
(opmMepoB, MBI pACCMOTPUM B JICKIINH 7.

o AR

Puc. 2.2. Cpenu pa3nnyHbIX KOH(OpMalLMii OKTaHa HauboJiee TepMOAMHAMUYE-
CKHU YCTOMUYMBOM sIBJIsIeTCS] KOH(OPMAIMS TIOCKOTO 3Ur3ara



2.2. OcHosHbie munbt yenepoorbix ckeaemos opeanuueckux mosexyn | @

2.2.1.2. YriiepoaHble NEenoYKH ¢ IBOHHBIMU CBA3SIMHU. AJIKEHbI

MoJteKyIbl ¢ TUHEHBIMU 1 Pa3BETBIEHHBIMU CKEJIETAMU MOTYT
coliepXaTh JBOWHBIE W TPOWHBIC YIJIEPOA-YIJIEPOIHbBIE CBSI3HU.
ToMonornyeckuii psin ankeHoB ¢ obieit hopmynoit C,H,, Ham
XOPOIIIO M3BECTEH MO IIKOJBbHOI MporpaMme, U CO MHOTUMU
aKkJieHaMM Mbl YK€ BCTpeyajvchb. B HomojiHeHHe K CKeJIeTHOM
M30MEPUHU IJIST aJIKEHOB MPOSIBISIETCST TAKKE M30MEPUSI, CBSI3aH-
Hasl C TIOJIOXKEHUEM U KoHgueypayueii NBOWHON cBsi3u. KoHguey-
payus — TIPOCTPAHCTBEHHOE PACITOIOXEHUE aTOMOB MJIM TPYIIII
B MOJICKYJIe, KOTOPOMY COOTBETCTBYET ONMH MJIN HECKOJIbKO MH-
HUMYMOB Ha TIOBEPXHOCTU IOTCHIIMAJIIBHON SHEPIUH, IIEPEXO
13 KOTOPBIX B MUHUMYMBI, COOTBETCTBYIOIIIME IPYTM KOH(DUTY-
palmsiM, HEBO3MOXKEH 0Oe3 pa3pbiBa M 3aMBIKAHUS XMMIICCKUX
CBsI3eil, YTO B TIOAABJISIIONIEM OOJIBIITMHCTBE CIyYaeB CBSI3aHO
C MIPEO0JIEHNEM BBICOKHX 9HEPreThIecKuX oapbepoB. boee ne-
TaJIbHO MbI OyleM paccMaTpuBaTh TOHSITUS KOHMUTYpaluu
1 KoHdopmMaluu B Jekimu 6. ITo 1moioXXeHUIo TBOMHOW CBSI3U
pa3nnyaloTcsl TepMUHaNbHbIE aJkeHbl (1) 1 MHTEepHAJbHBIE ajl-
KeHbI (2), cylecTByolue Kak Z (yuc-)- u E (mpanc-)-u3omepbl
OTHOCUTEILHO IBOIMHOI cB3U (puc. 2.3).

anMe‘laHMe. 0603HaHeHVIﬂ Z un E — OT HEMELKUX C/IOB Zusammen — BMecCTe
n entgegen — NpoTuB.

B3aumonpespaiuenuss Z- u E-aqkeHOB, KOTOpPbIE OTHOCITCS
K pa3sHBIM KOH(UTYpaIMsIM, TPEOYIOT pa3phbiBa JI-CBSI3U U TIO-
3TOMY MOTYT IIPOTeKaTh TOJIBKO TP BEICOKMX TeMITepaTypax. Ha-
MIpUMep, B3aUMOIIPEBpaIleHUs yuc- U mpauc-1,2-TnaeiTeposT-
JICHOB B Tra30BOH (pa3e IMPOMCXOMST TOJBKO IIPU TeMIIepaTypax
okos10 500 °C (puc. 2.4) ¢ sHepruei akTuBauuu 65 KKaji/MoJb.

H H H R!
R—CH=CH, (1) RC—CRl RC—CH 2)
Z (4uc) E (mpanc)
Puc. 2.3. TepmuHanbHble (1) 1 MHTepHATbHBIE (2) aTKEHBI
H H H D
DC = CD = DC = CH

Puc. 2.4. BzaumorpeBpaiiieHust yuc- u mparc-1,2-1uneiireposTUICHOB B Ta30-
BoIi (haze rporekaroT npu temmneparypax 500 °C
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2.2.1.3. YraepoaHblie IeNoYKy ¢ IBOMHBIMU CBA3SIMU. JIMeHbI
¥ TIOJIMEHDI

Iluenvr — YTIIEBOOOPOIBI, COIEpXKAallle IBE IBOMHBIC CBI3U
B MoJieKyJsie. MblI yke BCTpeUaauch ¢ HECKOJIbLKMMU U30MepaMu
JIMEHOB, OTIMYAIOIIMMUCS B3aUMHBIM PACIOJOXEHUEM JIBON-
HBIX CBS3EU B LIETIOUKE.

Kymynerbt, IpOCTEUILNM IIPEACTABUTEIEM KOTOPBIX SIBJISIET-
ca amnen CH,—=C=CH, (3, npomanueH, puc. 2.5), comepxkaT
JIBE TBOMHBIC CBSI3U B COCETHMUX ITOJIOXEHUSX. SIBJICHIE OCeBOM
XUPAJIBHOCTU JUISI COCIMHEHW 3TOTO THUITA MBI PacCMOTPHUM
B JIEKLIUHU 5.

H, H
‘e, S
H/ \H

3

Puc. 2.5. Monexyna mpocTeifiiero KymyjaeHa — ayieH

Haubonee BaXXHBIM KJIACCOM TUEHOB SIBJISTIOTCSI COMPSNCEH -
Hble OueHbl, UTA dueHbl- 1,3, B KOTOPBIX IBE IBOMHBIE CBSI3U pa3-
JIeJIEHbI OAHOM (hOpMaIbHO TIPOCTOM YIIEPOI-yIIePOIHOI CBSI-
3b10. JIBe MBOIHEIE CBSI3M B CONPSIKEHHBIX TMEHAX, KaK MBI yKe
3HaeM U3 IMKOJLHOTO Kypca XUMUM, PearupyioT KaK eauHasT CHh-
cTema.

ITpocreiimii mpeacTaBUTENb Psifia COMPSIKEHHBIX TUEHOB —
oyragueH-1,3 (4). B Mojekynax AUMEHOB BpallleHUE BOKPYT
IBOMHBIX CBsI3eil (M3MEHEHUE WX KOHGUTYypalMit) MpoTeKaeT
C O4YeHb BBICOKMMM Oapbepamu. Ho BpallieHMe BOKpPYT LiEH-
TpanbHOU cBsI3u C— C, KoTopast ¢ (hOpMaJIbHOI TOUKM 3pECHUS
SIBIIIETCSI TIPOCTOM O-CBS3BIO, IMPOTEKACT ITOCTATOYHO JIETKO
¢ bapbepoM OKO0JI0 4 KKay/Moib. s OyragueHa-1,3 (4) cyme-
CTBYIOT NIB€ ycToiumBble KoHpopmauuu. Haubonee cradbusieH
TUTOCKHI pa3BepHYTHIN s-mpanc-KoHbopMmep (puc. 2.6). bomee
oApOOHO MBI OyIeM paccMaTpUBaTh KOH(MOPMAaLIMU COTPSIKEH-
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H
o X
/ H H
H T Hy
S-mpanc S-yuc
98% 2%

C)

Puc. 2.6. HaubGonee ycroituuBbiM KoHDOpMepoM Oytannena- 1,3 sBisieTcst 1io-
CKUi1 S-mpanc-KoHbOpMep

HBIX JIMEHOB B JIEKIIMU 7, a TAKXKe B JIEKIIUM, TTOCBSIIIEHHON X1~
MUM 3TUX COCTUHEHUIA.

Cyl1iecTByeT OOJIBIIOE KOJUYECTBO COIPSLKEHHBIX TOJIME-
HOB, B KOTOPBIX YEPEIYIOTCSI IBOMHBIC M IPOCTHIC CBSI3U YIJIE-
pon-yriepon. Takue IMoJUeHbI BHITOIHSIIOT OYeHb BaXKHBIE OMO-
Jjornyeckue (byHKIMU B KUBBIX opranusmax. Ha puc. 2.7 npu-
BEIEHbl YETHIPE TAaKMUX YIJIEBOAOPOAA, C KOTOPBIMU MBI €IlE
BCTPETUMCSI.

Ecnu nBoiiHBIC CBA3M B MOJICKYJIC pa3neicHbI 0oyIee YeM Ofl-
HOI TIPOCTOM CBSI3bI0, MX B3aMMHOE BJIMSTHAE YMEHBIIACTCS.
1,4-JIueHbl, TPOCTEMIIIMM U3 KOTOPBIX SIBJISIETCS TTeHTaaueH- 1,4
(9), a Takxke rekcagueH-1,5 (10), B KOTOpOM JIBe IBOIHBIE CBSI3U
paszaeneHbl AByMs OOUHAPHBIMU CBSI3sIMU (puc. 2.8), o01agaioT
OIpeeIcHHBIMA XUMHIECKUMU OCOOCHHOCTSIMHM, KOTOPBIE MBI
paccMOTpuM B cBoe Bpemsi. Ho B remrammeHe-1,6 kaxnas u3
JIBOMHBIX CBsI3ei BeleT cebsl KaK MOTHOCThIO U30JIMPOBAHHAS.

lMpumeyvaHue. Yrnesopopog (9) uMeeT TpuBMaiibHOE Ha3BaHUE AUanIn.

2.2.1.4. YraepoHbie NEMOYKU C TPOHHBIMYU CBA3AMH. AJIKHHbBI

VYI1eBomopoasl ¢ TPOITHOM CBSI3BIO (AJTKMHBI) 00pa3yloT TOMOJIO-
ruyeckuit psn C,H,,_,, ponoHayaIbHUKOM KOTOPOTO SIBJISICTCS
omun unu auemusen HC=CH. Ero mosekyna quHeitHa. B ro-
MoJIoTax alleTUJIeHa TpOMHasi CBS3b MOXET pacrojiaraTbCsl Ha
KOHIIE MOJIEKYJIb (mepmuHanbHble aiKuHbl) VI B €€ CepeinHe
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B-Kapomun (7)

®parmMeHT
M30TMpeHa

~
- - -

e
N NNV LYY TN
Ckeanen (8)

Puc. 2.7. JlukonuH u KapOTHUHBI NPpUIAI0T IBET TOMaTaM U MOPKOBHU, a CKBAJICH
ABJACTCA NPECAIICCTBEHHUKOM BCEX CTCPOUIOB

o
H C C H P
e ol ol H,CZ 7
| /N
H H H H

9) (10)

Puc. 2.8. [lenranuen-1,4 (9) u rekcanueH-1,5 (10) obGnanaloT psaoM XuMUUe-
CKMX 0COOEHHOCTEI



2.2. OcHosHble munb yenepooHbIX CKeAen08 OPeaHUHeCKUX MOACKYA

TepMI/lHaJlLH])Ie AJIKMHbI

HC=CH HC=C—CH, HC=C—CH,CH,
OyTHH-2

I/IHTepHaJIbeIe AJIKMHbI

H,C—C=C—CH;
OyTuH-2

H;C—C=C—C=C—C=C

Puc. 2.9. PazuyHbie aJIKUHbI

(unmepnanvHvle anKuHbl). DTU U30MEPHI CYILLIECTBEHHO pa3jinya-
I0TCSI IO CBOUM CBoMcTBaM. MI3BeCTHO 0OJIbIIIOE YHCIO COeAUHE-
HUM, coaepKallluX HeCKOJIbKO TPOMHBIX cBsideil. Eciu oHu pac-
MoJaralTcs Mpy COCEIHUX aToOMax yrjepoaa, TO MoJIeKysia uMe-
eT opmy cTepxkHs. B mepBoii jekiuu s yxe pacckasbiBal 00
HCTOPUHU HMCCICIOBaHUS KapOWHA — aJUIOTPOITHON MomucuKa-
LMY YIepoaa, B KOTOPOi aTOMBI yIJiepoia COCTABJISIIOT LIEMOYKY
—(C=C),—. DOra uctopus elle najaeka OT CBOEro 3aBepilie-
HUs. HeckollbKo mpruMepoB aTKMHOB IIPUBEICHO Ha puc. 2.9.

2.2.2. KapOouuKIbl ¥ NOJUIMKINYECKHE CHCTEMbI

2.2.2.1. HachblmeHHbIe KAPOOIMKIIbI. M OHOIMKINYECKHE
nukjgoankaus C,H,,

MoOHOUMKINYECKUE HACBIIIEHHBIE YTJIEBOAOPOIbl — UUKAOAA-
KaHbl — cocTaBJsTIOT romoniormueckuii psin C,H,,. Ix ycioBHO
nensat Ha Tpu rpynnsl (puc. 2.10). K massim yuxaam oTHOCAT LU~
KJIOTMIPOTIaH, IIUKJIOOYTaH U UUKJIONEHTaH, IPYIIY YUKA08 cpeo-
Heeo pasmepa cocTaBisiioT uukioankaHbl Cg—C,,, LTUKIbI
¢ OOJIBIIMM YUCJIOM YIJIEPOIHBIX aTOMOB OTHOCSIT K MAKpo-
YUKAAM.

XoTs g UX M300pPAXKEHUS YacTO MCIOJB3YIOT IIJIOCKUE
(opmyIibl, TUIIL TEPBBIA WieH psiaa, nukiaonpomnad C;Hg, nme-
€T TUIOCKUI YTJEPOAHBIN cKesleT. MoJieKylibl BeeX APYrux 1LU-
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C3H6 C4H8 CSHIO C6H12 C71_114 C81_116
C9H18 ClOHZO C111—122 C121_124

Puc. 2.10. LIuki1bl MQJIOTO U CpEHETO pa3Mepa

KJI0aJKaHOB Herutockue. B nekiusix 3 u 4 Mmbl Oynem paccMmaTpu-
BaTh 3JIEKTPOHHOE CTPOCHHE OPTaHMYECKUX MOJECKYI. Tam Oy-
JIeT TT0KA3aHOo, YTO TePMOIMHAMMYECKN Han0oJIee YCTOMUYNBBIMU
SIBJISIIOTCSI OpTaHUYECKME MOJIEKYJIbl, B KOTOPBIX HACBILIEHHbIE
aTOMBbI yIJiepofa MMEIOT TeTPad’ApUYeCKylo KOH(UTypaluio.
B nux 3Hadenus BajneHTHHIX yrjoB C— C—C MakKCUMallbHO
OJIN3KU K BeJIMUYMHE TeTpasapuieckoro yria 109°28’. B moneky-
Jie TIJIOCKOTO 1LIMKJIOOYTaHa 3TU YIJIbl JOJDKHBI OBITh PaBHBIMU
90°, a B MOJIeKyJIe TJTOCKOTO InKiIorekcaHa — 120°. Boixon on-
HOTO MJIV HECKOJBKMUX aTOMOB YIJIEpoaa M3 IIJIOCKOCTH IT03BO-
JIIeT TaKUM MOJICKYJIaM <«YMEHbBIIUTh YIJIOBOE HAIIPSLKEHUE».
B pesysnbpTaTe Heruiockue MOJEKY/Ibl LIMKIOMEHTaHa U LUKJIO-
rekcaHa CBOOODHBI OT YIJIOBOTO HAIIPSDKEHUS, a II0O3TOMY
MATAYICHHBIE W INECTUYJICHHBIC IIMKIBI JIETKO 3aMBIKAIOTCS
B XMMHWUYECKMX peakuusax. Llmkirorekcan v 3aMeIeHHBIE IIUKII0-
TeKCaHbl CYIIECTBYIOT B YCTOMUYMBBIX KPECIOBUIHBIX KOHMOP-
MalusiX. 3aMeCTUTENIb B MIECTUUJICHHOM KOJIbIle B KOH(MOpMa-
LIMU KPECJIO MOXET 3aHUMAaTh OIHO U3 IBYX BO3MOXHBIX IOJIO-
KeHUN — akcuajabHoe (a) WM 3KBaTopuajbHOe (€). DTU JaBa
KOH(popMepa Mpu KOMHATHOM TeMIiepaType JO0CTaATOYHO OBICTPO
IepexosT APYT B Apyra U CyLISCTBYIOT B IMHAMUYECKOM pPaBHO-
Becuu (puc. 2.11), KoTopoe CMeIIeHO B CTOPOHY 00JIee YCTOMUM-
BOTO 9KBAaTOPHAJILHOTO KOH(opMepa.
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Puc. 2.11. KoHdopmalimoHHOE paBHOBECHE B 3aMEILIEHHOM IIMKJIOTEKCaHe

Hermockue nukiibl 60Jb11ero pa3Mepa MOTYT CYIIECTBOBATh
B HECKOJIbKMX Pa3IUYHBIX KOH(MOPMALMSIX, SHEPIUd KOTOPHIX
MaJIo pa3iauyaroTcs. B HUX MHOrga OKa3blBalOTCS MPOCTpaH-
CTBEHHO COJIMDKEHHBIMU aTOMBI yIJiepojaa, pasiejieHHbIe He-
CKOJIbKMMM YTJICPOI-YIJIEPONHBIMU CBI3sIMU. B pesyibpTaTe mis
HUX MOTYT HaOJIONaThCSl MPAHCAHHYAsAPHble peakuuu. B Takmx
peakuusix, Hampumep, MOpU 3aMelleHUr (@QYHKUMOHAJIbHOMI
TPYIIIBI (CKaxeM, TaJoreHa WIM To3ujiaTa) BXOISIINI 3aMeCTH-
TeJIb 3aHUMAECT TOJIOKEHME TIPU APYTOM aToMe yrjiepoja uKia,
M peaxkiysl MOXET COMPOBOXAATHCS MEPErpPyIIMUPOBKON CKele-
Ta. DTU peaKlIMy Mbl pACCMOTPUM B JaJTbHEUIIIEM.

LwukioankaHbl, HeCyIIMe ABA 3aMECTUTENIS TIPU YIJIEPOTHBIX
aToMax IIMKJIa, CYIIECTBYIOT B BUIE eeM-, Uuc- U mpaHc-u3oMe-
pPOB, KOTOPBIEC pa3InvaloTCs B3aMHBIM PacIOJIOKEHUEM U B3a-
WUMHOU OpUEHTAlMEN 3aMECTUTENIEl OTHOCUTEJIBHO CpeIaHEl
TUIOCKOCTH 1IMKJIa. B KauecTBe mpuMepa Ha puc. 2.12 npencras-
JIGHBI CTPYKTYpPBI eeM-, yuc- U mpaHc-u3oMepoB 1,2-nmuzame-
meHHoro ukiorekcana (11, 12 1 13 cooTBETCTBEHHO) ¢ OMMHA-
KOBBIMM 3amecTuTesisMu X. M1 B 3TOM ciyyae KpeclIOBUIHbIE
KOH(MOpPMAIIMKA TOCTaTOYHO JIETKO MOTYT IIePEeXOAUTh APYT
B apyra. C TakuMy KOH(OPMAITMOHHBIMHI TIEPEXOIAMM MBI TTO]I-
poOHO Mo3HaKoMuMcs B yieKiuu 7. B eem-uzomepe (11) u yuc-u-
3oMepe (12) oguH U3 3aMecTUTENIeil Bcerma OyaeT HAaXOIUThCS
B aKCHMAJbHOM, a BTOPOM — B 3KBAaTOPUAIBHOM ITOJIOXCHUM.
A BoT i1 mpanc-u3zomepa (13) MOryT cyiecTBOBaTh ABa KOH-
dopmepa. B omHoM u3 Hux (13a) oba 3amecTuTessT 3aHUMAIOT
aKCUaJIbHbIE MOJI0XeHUs1, B ApyroM (13b) — skBaTtopuaibHbIE.
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X
e AKCHAJTBHBIE CBSI3
X DKBaTOpUAIbHBIE CBI3U
|
Tem- (11)
X
Koneepcusa yukaa X _
X . | — |
(12) X Luc-a,e
Huc-e,a
X
KOH@epCusi UukAa A(
A/ X X_‘_ l
B o
x  Tpanc-a,a (13a) Tpanc-e,e (13b)

Puc. 2.12. CtpykTypbl U30MepoB 1,2-113aMeIIeHHbIX LIMKIOTeKCaHOB (00bsIC-
HEHME B TEKCTE)

HNuakcuaabHBIi KOH(pOPMEP 3HAYMTEIHbHO MEHee YCTOWYUB,
M €0 CoIepKaHMe B paBHOBECHOI cMecH Majio. bojee metanbHO
¢ KOH(MOPMaIMOHHBIMU PAaBHOBECUSIMU LIMKJIOATKAHOB MBI T1O-
3HAKOMUMCS B JICKLINU 7.

2.2.2.2. KapOonmKiIbl ¢ KDATHBIMH CBSI3SIMHI

HenacrplmeHHBIE KapOOLIMKIIBI MOTYT COAEPKATh OMHY WIIM HE-
CKOJIbKO JIBOMHBIX cBs3eit (puc. 2.13). IlpocTteiiiuuii 13 HeHa-
CBIIIEHHBIX IIUKIaHOB — muKIionporneH (14). Yrioosoe Hampsi-
XEHME B HEM CTOJIb BEJIMKO, YTO 3TOT KpaliHe HEYCTOWYMBBIA
ra3000pa3HbIii yIJIEBOAOPO OBICTPO TIOJUMEPU3YETCS TIPU TEM-
neparypax Bbiire Touku KureHust (—36 °C). B yeTbIpexuaeHHbII
IIMKJI MOXHO BBECTH OJHY WJIM JIBE JBOITHBIE cBsi3u. LIMkio0y-
TeH (15) moaHOCTBIO OXapaKTepr30BaH U BITOJIHE cTabmieH. He-
3aMelIeHHbBIN UKI00yTanieH (16) ynaaoch MOJIydyuTh M MIEH-
TUOULIMPOBATH JIMIITb B KPUOTCHHOW aprOHOBOM MaTpHIle TIpU
OUYeHb HM3KHKX TeMIlepaTypax, HO MOJY4YeHO U MOJHOCThIO OXa-
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paKTEepU30BaHO 3HAUUTEITHLHOE YMCIIO BIOJHE YCTOMUYMBBIX 3a-
MEIIEHHBIX ITUKIO0YTaleHOB, B TOM YUCIe mempakuc(Tpume-
TUJICWINWI)-UMKI00yTanueH (17), cTabuIbHBINA BIUIOTH A0 TEM-
nepatyp 200°C. Mpbl BepHeMcs K OOCYXIEHUIO CTPOCHUS
M CBOICTB IMKJIOOYTaAM€HA U €r0 TTPOU3BOAHBIX, KOTAA OyneM
paccMaTpuBaTh MPobdaeMy apOMaTUYHOCTH.

H_ H
Ho </ N
HC._ NN —
| CH, AL Il
HC H (lj L=C
! H H
(14) (15) (16)
T = —36°C T = ~2°C
Me;Si SiMe;
Me;Si SiMe;
17) (18) (19)
Tun = 44,2°C Tyyn = 41°C
(20) @21) (22) (23) (24)

T = 83°C  Toun=80°C Ty =82°C Ty =80,1°C Ty = 116°C

3o O

(25) (27)
T = 142°C TKMH 143 2°C

Puc. 2.13. HeHacbllieHHbIE KapOOLIMKIIbI
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L

Hwuknonenrten (18) BosHe yCTOMYMB, TaK XKe KaK U ITUKIIO-
neHTtaaueH (19). O6patuTe BHUMaHKE Ha TO, YTO B 9TOM LIMKJIH-
YeCcKOM JMEHe XeCTKO 3auKcupoBaHa S-LIUC-KOHGpOpMAaLMSI.
[TosTOMY OH 3HAYUTEIBLHO JIETYE BCTyMHAET B peakiiuu [4+2]-1m-
KJIOTIPUCOCAMHEHNUS, YeM OyTanueH-1,3 (4).

JBe yuc-nBoiiHbIE CBSI3M MOXHO Pa3MECTUTh B IIECTUYJICH-
HOM IIMKJIe AByMsI crtocobamu. CyImecTBYIOT 00a CTPYKTYPHBIX
n3omepa — 1ukiorekcaaueH-1,3 (21), B KOTOpOM ToXe KeCTKO
3aKperieHa s-1ic-KoHbopMalus, U lIUKIorekcanueH- 1,4 (22).
BBeneHue TpeTbheli ABOMHOM CBSI3M B IIECTUUJIEHHbBIN LMK Kap-
JTWHAJIEHO MEHSIET BCE CBOMCTBA COeIMHEHMST U TIPUBOIUT K XO-
pOIIIO0 M3BECTHOMY HaM apoMaTuyeckomy OeHsony (23). B ce-
MUWICHHOM IIMKJIE MOXHO Pa3MECTUTD IO TPEeX TBOMHBIX CBS-
3eit. C nukiorenratpueHom-1,3,5 (24) (TpormuinaeHOM) MBI
BCTPETUMCS B 3TOM KypcCe He pa3, TaK e KaK U ¢ IIMKJIOOKTaTe-
TpacHOM (25), KOTOpPHBIi CYIIECTBYeT B HamboJyiee yCTOMUMBOI
KOH(bOpMaIUU «BaHHA».

BocbMuuieHHbIN KapOOLIMKI — caMblii Majiblii U3 LM-
KJIOB, B KOTOPOM MOKHO Pa3MeCTUTh mpaHc-IBOMHYIO ¢BsI3b. Co
CKPYYEHHBIM HATPSKEHHBIM XUPAJTBbHBIM  MPaHC-TTUKIOOKTE-
HOM (26) MBI BCTPETUMCS B JIEKLIUU 6.

CTpyKTypa CaMOTro MaJIeHbKOTO M3 ITUKJIOAJKWHOB ITUKJIIO-
oKTHHa (27) Obl1a M3y4eHa METOIOM Ia30BOi JIeKTPOHOTpahum.
Bce nHTepHanbHbIE aIKUHBI (CM. puc. 2.9) comepxkaT JUHEHHbBII
dparmenr —CH,—C=C—CH,—. B moneKyne IIUKI0OKTH-
Ha (24) BanentHbie yriael — CH,— C=C— cocrabmsiior 154°,
470 Ha 16° MeHble uaeanbHoro yria B 180°. [Toatomy Mosekyia
(27) xpaliHe HEeyCTOIYMBA U PEaKIIMOHHOCIIOCOOHA.

3adaHue |: Hapucyiite Bce BO3MOXHbIe U30Mepbl GeH3ona,
copaepKalyme He Gonee OHOro LMKINA B MOMEKyne.
2.2.2.3. ITomuumK/IMyecKue CUCTEeMbI

Cy1iecTByeT HECKOJIBKO TUTIOB COUJIEHEHUN MPU KOHCTPYUPO-
BaHWUU MOJULIMKINYECKUX cucteM (puc. 2.14). ITpocTeiiuuii u3
HUX — COEIMHEHUE IBYX IUKIIOB 3K30LMKINIECKOU CBS3bIO (a).
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O=
D

8

Puc. 2.14. Turibl cCOwWIeHEHU YIIEPOIHBIX IIUKJIOB B MOJIUIIMKINIECKUX CKeJle-
Tax (0ObSICHEHUE B TEKCTE)

Kaxnplii 13 UMKIOB MpU 3TOM B HAMOOJIbIIEH CTeNeHN CoXpa-
HSIET CBOIO MHAMBUAYAJIbHOCTb. B cnupo-cucremax (6) mosiBisi-
eTCS «UeTBePTUYHBII» aTOM YIJIeponaa, He HEeCYIIUil BOIOpoa,
obmuit 11s1 odboux HukoB. IIpu cousleHeHUM Mo pedpy (8) —
y ABYX LIMKJIOB MOSIBJSIETCSI ONHA OOIlasi YIriaepoa-yriaepoaHasi
CBSI3b, a NPU COUYICHCHUM II0 JIIOOBIM OBYM IPYTMM IICHT-
paM (e) — ABe WiK 00JIbIIee YUCIO OOIIUX CBSI3EH.

WutepecHbiin  dakr. [Mpocteiwmit  cnvpo-umknoankaH 6uumkno/2,2/nexTan

(29) MOXHO nerko CHUHTE3VpOBaTb BOCCTaHOB/NEHWeM TeTpabpomuaa (28) Aeiictenem
MeTanmnyeckoro umHka (puc. 2.15).

CH,Br

H,C. _CH
BrCH,—C—CH,Br 2> "[>c{] °
H,C~ “CH,
CH,Br
28) 29)

Puc. 2.15. Cunte3 6uuukio/2,2/neHraxa (29)

3aMeTnM, 9TO COUJICHEHHUE TT0 peOpy ABYX IMKIIOB, B KAXKIOM
13 KOTOPBIX LIECTh WX 0OJIbllIee YUCIO aTOMOB yIJIepoaa, MOX-
HO OCYIIECTBUTH NBYMsI criocobamu. Ilpu mparc-couneHeHUN
YTJIEPOI-YIICPOIHBIC CBSI3M, TIPUMBIKAIONINE K 00IIeMy pebpy,
HaxXoOATCHd B MPAaHC-TIOJIOXKEHUM 110 OTHOILEHUIO IPYr K APYTY,
a TIPU yuc-COUJICHEHUM, COOTBETCTBEHHO, B HUC-TIOJIOXCHUM.
Ha puc. 2.16 mokaszaHsl cTpyKTyphl mpanc- (30) M yuc-nexanm-
HoB (31). B mpanc-nexanune (30) o6a mecTUYICHHBIX MK
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H
0 H
H H
Hj
H
(30) (31)
mpauc- uuc-

Puc. 2.16. Tpanc- v yuc-neKaamHbI

KECTKO  3aKpeIIeHbl B  KPECIOBHIHBIX KOH(MOpMAaIIUSIX.
B yuc-nexanuue (31) o6a mIeCTUWIEHHBIX LIUKJIA TaKKe HAX0-
ISTCS B KPECAOBUAHBIX KOH(POPMALIMSIX, HO MOJIEKYIa MOXET
JIOCTaTOYHO JIETKO TpeTeprieBaTh KOHBEPCUIO ITUKIIOB, TTOM00-
HYIO TOI, KOTOpasi HaOJII0IaeTCsI B CAMOM LIMKJIOTEKCaHe.

DparMeHThl yuc- U Mmpanc-AeKaaIuHOB BXOASAT B CTPYKTYPbI
CTEPOUIOB — TOMULMKINIECKNX CTPYKTYpP HCKITIOUUTEIHLHOMN
o6uonormyeckoit BaxkHOCTH. C HUMU MBI ITO3HAKOMUMCST B KOH-
e Hamero Kypca. Ha puc. 2.17 nmoka3zaHa CTpyKTypa JaHOCTe-
puHa (33), KOTOPHIi IBIICTCS TIPEAIIECTBEHHUKOM BCEX IPYTHUX
CTEPOUIHBIX TOPMOHOB.

MNHTtepecHbint ¢akT. JlaHocTepun (33) obpasyetca B pesynbTaTe LMKAM3aLmM
MoJiMeHa C OTKPbITOM Lienbio ckBaneHa (8). CHavana ckBaneH noZ AeictaneM depMeH-
Ta CKBAsIEH3MNOKCKAa3bl MpeBpaLlaeTca B snokcug (32), KOTOPbIN 3aTeM LMKINU3yeTcA
noA AeicTBueM (epMeHTa OKCMAOCKBaNEHNaHOCTEpUHLMKIasbl. O6patTe BHUMaHKe
Ha «CBEPHYTYIO» KoHdbopMaLmio, B kKoTopoi snokeug (32) mpeAcTaBneH Ha pUCYH-
ke 2.17. OHa coBceM He NoOXoXxa Ha Haubonee TEPMOANHAMUYECKMN BbIrOAHYIO JINHE-
Hyto KOH(OPMALMIO CKBasleHa, MOKa3aHHyo Ha pyuc. 2.7. Takyto «CBEpHYTYIO» KOH(pOp-
Maumto anokeug (32) NpyHUMAET Npu CBA3bIBAHUM C PEPMEHTOM B €ro MosocTu. 1o
O/iHa U3 CaMbIX YAVBUTESIbHBIX KacKaZHbIX Peakuui B xuBoi npupoae. Mbi nosHako-
MUMCA C TaKUMW PeaKLMAMM BO BTOPOIA HacTu HaLLero Kypca, koraa 6yaeM usy4ats Xu-
MUIO TEPMEHOB 1 CTEPOMAOB.
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OKCI/II[OCKBBJICHJIEIHOCTCPI/IHLII/IKJIa3a

DnoKcu CKBajieHa

(32)

Jlanoctepun

(33)

Puc. 2.17. JlanoctepuH (33), KOTOpPbIii SIBJSIETCS MPENLIECTBEHHUKOM CTePOU-
IIOB, 00pa3yeTcst U3 SMOKCUIA CKBaleHa

Oco0bIii KJIacC MONUITUKINYECKUX YTIIEBOIOPOAOB COCTaB-
JISTIOT apoMaTUYeCKue MOJUIUKINYECKUE CUCTEMbI, MTOCTPOCH-
Hble U3 OEH30JIbHBIX KOJEll, COYJIEHEHHBIX IPYT C APYTOM «I10
pebpy». Ha puc. 2.18 mpencrabiieH psill «IMHEHHBIX» TTOTHALIE-
HoB — HadranuH (34), antpateH (35), Terpauen (36) u neHra-
neH (37), a TakKe «aHTYJISIPHBIC» TTOIMalleHbl — (heHaHTpeH (38),
mmupeH (39), xpuseH (40), 6ensodeHanTper (41). INocaegumii
SIBJISIETCS] CWIbHBIM KaHleporeHoM. ObpamiieHue 6€H30JbHOTo
KOJIblIa 1IeCThIO NPYTMMU MPUBOAUT K KopoHeHy C,,H,, (42).
CyliecTByIOT ¥ Jpyrue HUKINYECKUE TOJMAlEHbI, HATIpUMep
oBasieH (43). B 1978 r. 6bu1 cuHTe3upoBaH kexysen, CyH,, (44),
Ha3BaHHBIN B yecTh ABrycta Kekyse, NpemioXuBIIETO LIUKIIU-
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(34) 35) (36)
37 (38)

(44) 45)

Puc. 2.18. ApoMaTnyeckue MOJULUKINYECKUE YIIIEBOIOPOIbI

YECKYIO CTPYKTYpy O€H30Jj1a, a BCJEN 3a 3TUM ObUIM TOJyYeHbI
M MHOTOYMCJIEHHBIC €ro aHajJord. B mpexpene HapaliuBaHue
quciaa 6EH30JbHBIX KOJIEIl B CTPYKTypaX 3TOrO TUIIA MPUBOIUT
K CTpYKType rpadeHa, ¢ KOTOPbIM MBI yke 3HakoMmbl. Ho eciu
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HapalmBaTh OCH30JIbHBIC KOJIbIIA, COXPaHSISI aTOMBI BOIOPO/IA,
TO 1IECTh OEH30JIbHBIX LIMKJIOB HE MOTYT OBbITh pa3MelleHbl B O/1-
HOM TUTIOCKOCTH. B pe3ynbTaTe MBI MpUIeM K CTPYKTYpE TeIrlie-
Ha (45). C xupaJbHbIMM MOJIEKYJIAMU 3TOTO TUIIA Mbl TTO3HAKO-
MUMCS B JIEKLIUU 6.

2.2.3. YriepoaHblie KapKachbl

Ecnu cowleHeHre LIMKIIOB IMTPOUCXOIUT TaK, UTO Y HUX IOSIBIISI-
eTcsa 0oJee OMHOM 0OIIeil CBSI3M, BO3HMKAIOT KapKacHBIC IIPO-
CTPaHCTBEHHBIE CTPYKTYpbl. B jekumu 1 Mbl MO3HAKOMWJINUCH
C pelIeTKOM ajiMa3a, MIOCTPOSHHOM U3 TETPa3ApUUECKUX aTOMOB
yriepona. @parMeHT 3TOil pelleTKr, oOpaMJICHHBI aTOMaMu
BOIOpPOIA, comepKUTCS B amamaHTaHe (46). Ha puc. 2.19 mo-
KazaHbl CTPYKTYPbl HECKOJIBKUX KapKaCHBIX YIJIEBOIOPOIOB.
Cpenu HUX 0cobO¢ BHUMAaHNME XMMUKOB B TCUCHIE MHOTHUX JIET
MIPUBJIEKAJIM YIJIEPOJHbIE KapKachl, UMelolne GopMy MSITU
npaBWIbHBIX «[1J1aTOHOBBIX TeJ1». CorllacHO BO33peHUAM Irda-

aJaMaHTaH KyOaH OackeTaH
CioH 6 (46) CgHg (47) CyoHy; (48)
MpU3MaH narogaH JOIEKA3IpaH
CeHe CyoHyg CxHy (49)

Puc. 2.19. HekoTopble KapKacHbIE YIJIEBOIOPOIbI
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ropeieB TeTpasnp, Ky0, OKTa3Ap U UKOCAdIP JieXKaT B OCHOBE
TPaIWIIMOHHBIX YEThIPEeX 3JIEMEHTOB: OTHSI, 3€MJIM, BO3IyXa
¥ Boabl. Jlonekasap OHU OTOXKAECTBIISIN CO Bceil BeeneHHOI.

OCO0EHHO MHTEPECHBI C XMMMYECKON TOYKM 3PEHUST Te-
Tpasap, Kyo u gonekasnp. OT KaxXaoil BepIIMHBI 3TUX MHOTO-
rPaHHUKOB OTXOAST TpU pebpa, cjemoBaTeIbHO, CYILECTBYET
BO3MOXHOCTb co3iath yrieBogoponst C,H, co ctpykrypoii Ta-
Kux MHororpaHHukKoB. @winn Uton nonyunn kyoan CgHg (47)
B 1964 r. 15-cTanuitHbiM crHTe30M. C MHTEpeCHEeMIIEe UCTOPHU-
el CMHTe3a TeTpadApaHOB, MEPBbIe U3 KOTOPBIX CUHTE3UPOBAI
I'. Maiiep B 1978 r., 1 MO3HAKOMJIIO Bac IMO3Xe, U30MEPHbIA
6ensony npusman C¢Hg ObuT TostyueH B 1973 1. CrioxHenmmia
cuHTte3 nonekasnpana CyyH,, (49) B 23 craguy ObLT BBITOJTHEH
rpymnioii Jleo ITakerra B 1982 romy.

Korpa Ha ofHoit 13 KOHdEpeHLMiA ero Crnpocuny, 3a4eM OH MOTPATUN CTOSLKO
CUn, BPEMEHU W JieHer Ha 3TOT cuHTe3, Jleo cHavana paccMesnca u oteetun: «Only for
fun!» — «Tonbko ans 3a6asbi!» Ho 3artem, cpasy nocepbesHes, gobaemnn: «KoHeuHo,
C 3CTETUYECKOM TOYKM 3peHuns 3aa4a Bblia O4eHb NpuBekaTensHon. Ho rnasHbIi Bbi-
308 (challenge) ans Hac 6bin B ApYroM — nNpeAcToANo co3faTth CTPYKTYpY COBEpLUEH-
HO HOBOTO TUMA, a AJIA 3TOrO HeO6XOAMMO BbINO paspaboTatb HeckonbKo 3 deKTHB-
HbIX HOBbIX CMHTETUYECKUX NOAXOA0B U MeTogoe. M Mbl caenanu ato!» 3TOT Tpys
ZlapoM He nponan. Hoeble Nogxoabl U METOAbI HeMeANeHHO Obin B3ATbI HA BOOPYXKe-
HWe APYrMMU UCCNEe0BaTENAMU M aKTUBHO WUCMOSb3YIOTCA MPY PeLLIEHN ApyruX 3ajaq.

Bce kapkacHble yrneBoiopobl 1 X NPOU3BOAHbIE UMEIOT TPUBUATIbHBIE HA3BaHUA,
KOTOpbIe MO NPOUCXOXKAEHUIO CBA3aHbI C X POPMOI: alaMaHTaH — OT CTPYKTYpbI an-
Ma3a, GackeTaH — OT KOP3WHKM, KOTOPYIO OH Mo pOpMe HaroMMHaeT, MarofjaH — ot
narofpl, Ha KOTOPYIO OH Moxox. Vcnonb3oearne HoMeHknatypbl MIIOMAK ans Takux
CTPYKTYp KpaiiHe Heyao6Ho. Cyaute camu, BoT no MIOTMAK HaseaHue naropaHa: yHae-
KaLlVIKJ'IO[9,9,0,0 | ,5’02,|2,02, | 8’03,7’06,|0708, | 2,0| |,|5,03,|7,3 | 6,20]30«"(033&

2.2.4. MoJieKyJibl C TONOJIOTHYECKO# CBSI3bIO.
KarteHanbl, poTakcaHbl ¥ y3J1bl

MoxHo nu co3aaTh MoJekyny xkamenana (50) (puc. 2.20) (nar.
catena — lielb), B KOTOPOH LIMKIMYECKHE MAKPOMOJIEKYJIbI
COETMHEHBI TTOJOOHO 3BEHBSIM 1IeTH, WU MOJIEKYJY pomakca-
Ha (51) (puc. 2.20) (;ar. rota — KoJyieco, axle — ocb), B KOTOPOIii
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(50) (51)

Puc. 2.20. IMpocreitime katenaH (50), porakcan (51) u TpuaucTHBIHM y3e (52)

JIMHEWHAsT MOJIEKyJIa IPOH3aeT UK U YACPKUBACTCSI B HEM
TOJIBKO 3a CYET OOBEMMCTBIX TPYIIN 10 KOHIIAM 0e3 yJacTUs XU-
MUYECKOM cBsi3u? DTa mpobiieMa BOJHOBaIa MHOTMX XMMUKOB
ele B Hayajie mpouuioro Beka. Ha BO3MOXHOCTh CylIeCTBOBa-
HUS TaKUX MOJIEKYJ yKa3biBad B 1915 r., B vactHocTH, Puxapn
Bunbimrertep, naypeat HobeneBckoit mpemun rmo xumuu 1915 r.
OnHako XMMHUKaM TIOHagoOuIoch OoJsiee TOdyBeKa [IJisl TOTO,
YTOOBI MOJIYYUTh TaKUE CTPYKTYPhI, IEPBOHAYATBLHO BBITJISIAEB-

Bunewrerrep Puxapa Maptun
(13.08.1872—3.08.1942)
OH 6bIN BEMKMM SKCEPUMEHTATOPOM
1 BENIMKMM n306peTatenieM sKCrepuMeH-
ToB. OfiHaKO ero BbICLLMIA jap uccneao-
BaTesIA 3aK/O4ASICA B YMEHUN OPraHu3o-
BaTb pabory.
P. Po6uHcoH,
naypeam Hobenesckoli npemuu
no xumuu | 947 a.

OH poguncsa B Kapncpys, B 18 net noctynun
B MIOHXEHCKUI yHUBEpCUTET, rae yuuncs
1 paboTan Ha XUMUHeCKOM dakysbTeTe noz
pykoeoactBoM Afonbda ¢oH baitepa (Ho-

Genesckas npemua no xummm 1905 ).

B 1894 r. 3awmtn AOKTOPCKYIO AMUCCEPTALMIO MO pe3ysibTaTaM UCCIEA0BAHUA CTPYK-
Typbl KokauHa, a B 1902 r. nonyuun gomkHocts npodeccopa. C 1905 no 1912 r. —
npocgeccop Bbiclueit TexHnyeckoii wkonbi Lijopuxa, ¢ 1912 no 1924 r. — npodeccop
xumun B BepnuHckoM yHusepcuteTe. BbinonHun ocHosononaratowme nccnefosanus
Nno XUMUU XNopoduUnia 1 pacTuTenbHbIX nurMeHToB. B 1915 r. eMy Gbina npucyxaeHa
Hob6eneBckas npeMmns Mo XMMUM «3a UCCNEAOBAHMA KPACALLMX BELLECTB PacTUTENbHO-
ro MMpa, ocobeHHo xnopodunnay.
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/_\ / CO,Et _—CD, 0 OH
Na CDh,

C
(CHy)3, + (CHy)3 CH
CD KCHUJIOJI
v \COQEt / (CH2)32
(CHy)3,
(53) (54) (55)
BBIXOJL

okoso 0,0001%

Puc. 2.21. IepBriii cuHTe3 KateHaHa (3. Baccepman, 1960 r.)

1IMe Kak coBeplleHHelas 3K30Tuka. Eme 6osnee sK30TUYHO
BBITJISIAUT TPEXJIUCTHBIN MOJIEKYIsSIpHbIA y3en (52) (puc. 2.20).
B HeMm 3aMKHyTas 1leroyKa 3aBsi3aHa B y3eJ] C TpeMs TOUYKaMU
nepecedyeHusl. Y3eJa MOXHO 3aBS13aTh ABYMSI cliocobaMu — CIIpa-
Ba HaJICBO U cjieBa HarpaBo. [1o3ToMy 3Ta CTPyKTypa XupaibHa.
Ho 06 3ToM noapoGHee MOroBopyM B JIEKLIUH 6.

IepBblii KaTeHaH cuHTe3upoBai D. Baccepman B 1960 1., pe-
1mast 3aaavy B J100. CMHTE3MpOBaB MaKPOLUKINYECKUI YIJIeBO-
nopon CyHegyD, (53), oH cMemman ero ¢ AUdTUIOBBIM 3(UPOM
nByxocHoBHOM Kuciotel HsC,O0C— (CH,);,—COOC,H; (54).
YucTo CTaTUCTUYECKHU, Tojarajd YYeHblid, B 9TOM pacTBOpe
JIOJDKHBI 00pa30BaThbCsl YaCTHUIIbI, B KOTOPHIX MAaKpPOILIMKJ OKa-
JKETCsl MMPOHU3aHHBIM JIMHHOM YIJIEPOJHON lieroukoii. B Ta-
KOM cITy4yae IpH IIPOBEACHNH allMJIOMHOBOM KOHIEHCAIINN, KO-
TOpasl SIBJISIETCS XOPOIIMM METOJOM CUHTE3a MaKpOIMKINYe-
CKUX THUIPOKCUKETOHOB (AllMJIOMHOB), MOJDKEH 00pa3oBaThCs
[2]-xaTenan (55) (puc. 2.21). MBIl mO3HAKOMUMCS C 3TOM peak-
el TPy U3YYSHUN XUMUU CIOXHBIX 9(UPOB.

[Mpennonoxenue Baccepmana omnpasnanock. Katenan (55)
JEHCTBUTEILHO 00pa3oBaJics, YTO yAAJIOCh 10Ka3aTh METOIOM
Macc-CIeKTpOMeTpUu Ojarogapsi MPUCYTCTBUIO NeUTepUEBbIX
METOK B MOJICKYJIE, HO BBIXOJI €T0 OKa3aJICsl HUYTOKHO MaJIbIM —
Bcero okojo 104%.

ITouty Tako¥ ke CTaTUCTUIECKU TToaxoa B 1967 T. ucrob-
30BaJ1 XapuCCOH JJIs1 CMHTe3a IepBoro poTtakcana (57). CHauana
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amIonH (56) OBLT MPUKPETUIEH K MOJIMMEPHOM CMOJIE C TIOMO-
IO STHTApHOTO aHTHApUAA. KOJOHKY ¢ TMPUIIATHEIM allMION-
HOM (56) MHOTOKpaTHO TIPOMBIBAJI pPAacTBOPOM IEKaHINO-
na-1,10 u TpudeHnIXI0OpMeTaHa ¢ 100aBKOM MUPUIMHA B CMECHU
IuMeTriIopMaMuia ¢ TOJyoJoM. B pe3yiabrare Ha KOJIOHKE 00-
pa3oBBIBAJICS poTakcaH (57), KOTOPHII OBLT «CHSIT ¢ KOJIOHKN»
TUAPOTIN30M CIIOKHO(UPHON CBI3M HATPEBAHUEM CMOJIBI C OM-
KapOoHaTOM HaTpus B MeraHose. Bwixon (57) coctaBmin 6%
(puc. 2.22). YcroitunBoe coequHeHNE ObIIO BhIIEIEHO 1 TTOJTHO-
CTBIO OXapaKTepU30BaHO.

cMoJia

H
1. PhyCCl
HO(CH,()OH
2. NaHCO3 MeOH
(CHy)ag
(56)

(CHy)ag

(37)

Puc. 2.22. [1epBblii CMHTE3 poTaKcaHa
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KoHeuHo, TTOTy9eHHBIC B 3TUX 3KCIIEPUMEHTAX C MUCIIOb30-
BaHUEM TIPSIMOJIMHEMHON CTpaTernu CHHTe3a pPe3yIbTaThl He
BHYIIAJM XMMUKaM OOJIBIIOrO ONTUMU3Ma B OTHOILIEHUU BO3-
MOJHOCTH TOJYYE€HUS IPYTUX 00JIee CIOXKHBIX KATEHAHOB U PO-
TaKCaHOB ¢ (DYHKIIMOHAJBHBIMU TpymnmiaMu. OQHAKO cpasy Mo-
CJIe 3TOTO ISl PEeIIeHUsT TaKMX 3a7a4y ObLIM UCITOJIb30BaHbI MO -
XOIbl CYMpaMOJIEKYJSIPHOM XMMUM, YTO TIPEeBPaTUJIO 0OJIACThb
W3y4eHUS TaKUX COCAUHEHUI B OTHO M3 OBICTPO Pa3BUBAIOLINX-
Cs1 HaTpaBJIEHU OPraHWYEeCKON XUMWUM C MCKITIOUUTETbHBIMU
MepcreKTUBaMU MPAKTUIECKUX TTPUTOKEHUA.

B nporpaMmy 3TOro Kypca He BXOZWT U3/IOXKEHUE PE3y/IbTaTOB, MOJTy4EHHbIX MpK
UCCNEe/IOBAHMM KaTeHaHOB M POTAaKCaHOB, U A OTPaHWYyChb 3JeCb TOJbKO KOPOTKOM
cnpaskoit. OfHa u3 Hanbonee 3¢ HeKTUBHbLIX CTPATErUil CUHTE3a KaTeHaHOB U pOTaKca-
HOB OCHOBaHa Ha MCMOJNIb30OBaHUM METOAOB TEMMIATHOrO CuHTe3a. B npunoxenumn
K CMHTe3y KaTeHaHOB OHa MPOUNMIOCTPUpOBaHa Ha puc. 2.23. CHavana iga 6udyHkLymo-
HanbHbIX 6noka (58) 3akpennatoTcs Ha TeMniaTte Tak, HTO OHM Kak Gbl «OGBMBAIOTY
ero. [pu 5ToM yHKUMM f OPUEHTUPOBAHBI B OZJHY CTOPOHY M MOTYT GbITh UCMOMb30Ba-
Hbl ANA 3aMbIKaHWA [BYX MaKPOLIMKIIOB C MOMOLLIO ABYX APYrUX G1byHKLUMOHAMbHBIX
6nokoe (59). MNpoBoauTca 3aMblkaHMe LMKNA, U OCTaeTcsa TONbKO ybpaTb TeMnnart.
A BOT KaK 3TO BbIrNAZAENO B peasibHoM sKcrepumenTe. [lge Monekynbl 2,9-au3aMelueH-
Horo |,10-deHanTponmHa (60) konnuectBeHHo obpasytoT komnnekc (61) c voHamu
O/JHOBAfIEHTHO Meau. 3aTeM (eHOMbHbIE TMAPOKCUIIbI CBA3BIBAIOTCA B LMK C MOMO-
wpto anioauaa (62) B NpuUCyTCTBUMM OCHOBaHMA. 34eChb BbIXOZ COCTaBNIAET yxe 27%.
Ha 3akniountenbHOI CTaann MOH Meau U3BNIEKAeTCA M3 KOMMIEKCa C UCMOJb30BaHUeM
6ornee cUNbHOrO KOMMNeKcoobpasoeaTena — LMaHUA-MOHA.

CwuHTe3 MOMeKynApHbIX Y3/I0B OKa3a/icA 3HauuTenbHO Gonee TpyAHON 3ajaqent,
YeM CUHTE3 KaTeHaHOB U poTakcaHoB. Ho 1 oHa Bbina pellieHa ¢ UCMONb30BaHNEM TeM-
nnatHbix MeToAoB. CTPyKTYpbl C TOMONOMMYECKOi CBA3LIO OblNM OBHApYXKeHb! B NpU-
POAHbIX 0bbekTax — HekoTopbix 6enkax u [JHK. B onpeaenenHbIx ycnosuax cbopka
TaKUX CTPYKTYP MOXET NMPOUCXOAUTb caMonpouseonbHo. B 1980-e rr. 6bino paspabo-
TaHO HECKOJbKO ApYruXx elle 6onee 3¢pPeKTUBHLIX METOAOB CUMHTE3A KaTEHAHOB U PO-
TakcaHoe. DparMeHTbl 3TUX MOJeKys (ABa MAKpPOLMKIA UMM MaKPOLMKIT U OCb) He CBA-

fs f: g f
. ¢ (g (59) ~8 \_ e
o+ fe fg)
£ R of
(58) (58) (59)

Puc. 2.23. Ctparerusi TeMIUIaTHOM COOPKU KaTEHAHOB C MCIOJIb30BAHUEM OU-
(yHKLIMOHATBHBIX OJ10KOB
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OH 1o
il Rt
&K CulcHioN); & ?":@ €503
—»H(";-d\, ‘\J ) [-CHz(CHzTQMCﬁf]
oy L (62) l\
100%) OH
(60) ©H ( )(61) (27%) 0\10‘9
KCN

Puc. 2.24. TemruiaTHbIi cuHTE3 KaTeHaHa (63)

3aHbl XKECTKOM XMMUYECKOi CBA3blo. OH MOryT CMeLLaTbCA OTHOCUTESNIbHO ApYr Apyra
Ha GornbluMe paccToAHWA. DTO 3aMevaTeslbHOe CBOWCTBO ObINO HeMeANeHHO WUCMOosb-
30BaHO AJIA CO3/JjaHNA KMOMEKYNAPHbIX MALLMH» — «MOMEKYNAPHbIX Mepekstovate-
neity, 3N1EMEHTOR 3aNOMUHAIOLLMX YCTPOWICTB, KMOMEKYNAPHLIX MOTOPOBY, NepeKioYa-
€MbIX KaTaNM3aTopoB. TaK Ha rPaHWLE OPraHU4ECKOM XMMUW W CynpaMOmneKynapHOM
XUMUN BOBHUKJIO M CTPEMUTENBHO Pa3BMUBAETCA HOBOE Hay4HOE HampassieHue. TeM, KTo
3aMHTepecoBasca 3Toi NpobneMoit, peKoMeHAyto MpoYnTaTh [Ba HeJaBHUX ob3opa:
Gil-Ramirez G,, Leigh D.A,, Stephens A.J. Catenanes: Fifty Years of Molecular Links //
Angew. Chem. Int. Ed., 2015, 54, 6110—6150; Xue M., Yang Y., Chi X, Yan X,
Huang F. Development of Pseudorotaxanes and Rotaxanes: From Synthesis to
Stimuli-Responsive Motions to Applications // Chem. Rev., 2015, DOI: 10.1021/
cr5005869. OTnmnuHyto cTaThio O MOneKynsApHbIX y3nax J.-P. Sauvage, D.B. Amabili-
no «Templated Synthesis of Knots and Ravels» Bbl HailgeTe B kHure «Supramole-
cular Chemistry: From Molecules to Nanomaterials» (John Wiley & Sons, Ltd,,
2012), a yaveutenbHyto uctopuio o caMocbopke TpexnmctHoro ysna «Discovery of
an Organic Trefoil Knot» MoxHo npouutath B >XypHane «Science» (2012, 338,
783—785).

WTtak, 03HAKOMUBIIKUCH C OCHOBHBIMY TUIIAMM YIJIEBOIO-
POIHBIX CKEJIETOB B OPraHMYECKUX MOJIEKYJIaxX, MBI ellle pa3 yoe-
IUJIUCh B UX OTPOMHOM pa3HOOOpa3uu, KOTOPOE OTKPbIBAET
BO3MOXHOCTb CO3[aTh OECYMCICHHOE MHOXKECTBO OpraHmye-
CKUX CTPYKTYp. MHOroo6pa3sue CBOMCTB OPraHMYeCKUX BEIIECTB
00YCJIOBIIEHO (DYHKIIMOHAJBHBIMU TpyImamMu. [103HAKOMUTHCS
C OCHOBHBIMU TUITaMU (PYHKIIMOHAIBHBIX TPYIIIT — Hallla CJIeIy-
ollasi 3a1aya.
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G
2.3. OcHoBHble TUMbI PYHKLMOHAMBHBIX FPYymMn
B OpPraHM4eCcKux MoJieKynax

Kak HaM M3BECTHO, K YMCITy OCHOBHBIX 3JIEMEHTOB OPTaHOTEHOB,
cocTapisgommx 98% Macchl KMBBIX OPTaHMU3MOB, OTHOCSITCS
kucaoporn (65—75%), yrnepon (15—18%), Bonopon (8—10%),
asot (2—3%), docdop (0,2—1,0%) u cepa (0,15—0,2%). Onna-
KO B OPraHWYECKUX MOJIEKYJIaX COAEPXKAaTCs TakKe TaJoTeHBI
(¢bTop, xmop, OpoM U Hiom), celieH U Apyrue ajaeMeHTbl. CBs3u
yriaepomaa ¢ OOJBITMHCTBOM 13 3TUX reTepoaToMoB (cBsizm C—X,
rae X = rerepoaToM) objagaloT 0oJiee BbICOKON TMOJISPHOCTHIO
M TTOJISIPU3YEMOCTBIO ¥ MEHBIIIEH IIPOYHOCTHIO, yeM cBs13t C—H
1 C— C (3TUM XapaKTepHUCTUKaM XUMUUYECKMX CBSI3Ei MOCBSIIIE-
Ha Jiekuus 4). IMeHHO TT03TOMY OHM Yallle BOBJIEKAIOTCS B pa3-
HooOpa3Hble xumuueckue npespaunieHus. Csa3u C—X BXOASAT
B COCTaB OOJIBIIMHCTBA (DYHKUMOHAIBHBIX I'PYIIM, MPUIAIOIINX
KOHKPETHBbI Ha0Op CBOMCTB KaXXI0MY BEILECTBY 1 OIIpeaesIsiio-
IIMX ero MPUHAIJICXKHOCTh K CBOEMY KJIacCy COeAMHEHUIA.

DyHKIMOHAIIEHBIE TPYIIIHI, BXOISIINE B COCTAB PA3TMYHBIX
MOJIEKYJ, OOBIYHO BEAYT ce0s1 CXOAHO B OJIM3KUX IO MPUPOIE
XUMMYECKUX PeaKIINsIX, XOTS UX XUMUYECKast aKTUBHOCTh B HUX
MOXET pa3InyaThCsl TOBOJIBHO CWIbHO. Bcero m3BectHO GoJiee
100 dbyHKuMoHaNbHBIX rpymIl. Onupasich Ha HalllM 3HaHUs, TO-
JIy4eHHBIE B IIIKOJIEe, KPaTKO pacCMOTPUM HamboJiee BaxKHBIE U3
HuX. Boiee mompo6HOe onmrcaHmne Kaxkmoi 13 GyHKIIMOHATbHBIX
TPy, CTPOSHUS U CBOMCTB KaXXIOTO U3 KJIACCOB OPTaHWIECKMX
COENUHEHUI, COAEepPXKaIlero COOTBETCTBYIOIIME TIPYMIIbI, CO-
CTaBJIIET OCHOBHOE COIEPKaHMEe 3TOT0 Kypca.

2.3.1. 'anougonpoun3BoaHbie ATU(PATHIECKOTO
M apOMATHYECKOro psoB co csizsamMu C—X
X=F,Cl,Br,1)

K coenvHeHusIM 3TOrO THMa OTHOCITCS TaJlouaaIKaHbl (ra-
JounHble ankuiabl) R—X (R = ankuin), ratouaankeHbl, B KOTO-
PBIX aTOM TaJloTeHa HaXOAUTCS MPU IBOMHON CBSI3U, U Tajouaa-



2.3. OcHosHble munbt
DYHKUUOHANbHBIX SPYNI 8 OP2AHUHECKUX MOACKYAAX

peHbl (apwtragoreHuasl Ar— X). [J1aBHBIM HaIlpaBJIeHUEM XU-
MHUYECKUX TpaHC(hOpMaUii 3TUX COCAWHEHUI SBISIOTCS
peakiMy 3aMelleHusT aToMa rajJioreHa IMoj AeCTBUEM HYKJIeO-
(unoB (peakuuu HyKJI€OMPUIBHOTO 3aMelIeHUs, Sy-peakiiim).
OHM JIETKO MPOTEKAIOT ISl aJIKWJITAIOTEHUNIOB, B PSITY KOTOPBIX
HauOOJIbIIIel peaKIIMOHHOM CITOCOOHOCTBIO 00J1analoT MOIUIHI,
a TOpUIBI — caMble MHEPTHBIC. JIITST aTKMITaTIOTeHUIOB XapaK-
TEepPHBI TaKXKe peaKIMU SITUMUHUPOBAHUS TaJOMIOBOIOPOIOB,
MPUBOISIIIINAE K aJTKEHaM, a TakKKe HEKOTOpPbIE APYTUe TUTIBI pe-
akuuii. I3BecTHO 6OJIBIIIOE KOJTUYECTBO OPraHUYECKMX ITOJTUTa-
JIOTEHUJOB, C KOTOPHIMU MBI TTO3HAKOMUMCS TTO3XKeE.

2.3.2. Coenunenns ¢ (hyHKIIMOHAILHBIMM IPYNNAaMH,
coJiepKalMMHI KIUCIOPO.I

OCHOBHBIC THUIIBI 3TUX COCAMHEHUI IpENCTaBICHBI B TaOIM-
e 2.2. Hanbomee xapakTepHbIe peaKIIny 3TUX COSTUHECHUI HaM
yKe U3BECTHBI U3 IITKOJBEHOTO Kypca.

Taomuna 2.2. CoequHeHUs ¢ PYHKLIMOHATBHBIMU TPYIIIIaMU, COlepKa-
IIMMU KUCIOPO,

Knaccot Hawubonee xapakrepHbie
Ne I'pynna .
coeMHeHHit peakuun
1 | 'mapokcu- CnupTsl, heHO- | AUMIMPOBaHUE, aTKUJINPO-
—OH JIbI, €HOJTBI BaHUeE, JIMMUHUPOBAHUE,

3aMellleH1e BOLOPOAA Ieii-
CTBHMEM CWJIbHBIX OCHOBa-
HUIA, OKUCTIEHUE

2 | Ankokeu- OAlk

ITpocthie aupsbl

PaciuerieHue oHoi U3

OR

Apokcu- OAr cnuptoB U peHo- | apupHbIx cBsazeit C— O
JI0B
3 | Kapoonma- AJIbAETUIbI, IpucoennHeHue HyKIeo-
\C_ 0 KETOHBI GbuIOB 110 IBOMHOI CBS3U
J/ C =0, BoCCTaHOBJIECHIE
11O CITUPTOB
4 N /OR Aueranu, Pacuiernnenue cBsiseit
C KeTau C—OR
VRN
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Knaccobt Hau6oJ1ee xapakrepHbie
Ne I'pynna .
coeMHeHui peaximn
5 | Kapooken- KapboHoBbIe O6paszoBaHue cosieli ¢ oc-
—COOH KHUCJIOTHI HOBaHUSIMM, 3TepUpUKa-

LMl U APYTHE peakinu 3a-
metreHuss — OH, npucoe-
IUHEHUE HyKJICO(hUIOB,
BOCCTaHOBJICHHE

6 | Kap6aakokcu-
— COOAIk
Kap6apokcu-
— COOAr

CioxHbIe 3(UPBI
CUpTOB U (heHo-
JIOB

[pucoennHeHne HyKIEO-
¢unoB, BoccTaHoOBIEHUE,
paciierieHue CIOXHO-
3GbUpHOIt CBSI3U (OMbLIE-
HUE)

7 | Kapoamumo-

AMUIBI KapOOHO-

IMpucoennHeHre HYKIIEO-

(X=TF,Cl, Br, I, COR)

— CONR, BBIX KUCJIOT ¢uoB, BoccTaHOBJIEHUE,
(R = Alk, Ar, H) pacuieruieH’e CBSA3U
C— N (rumposus)
8§ | COOX Tanoupanrunpu- | [pucoenrHeHue HyKJI€O-

IIbl M AaHTUAPUIBI
KapOOHOBBIX KUC-
JIOT

¢unos, 3ameleHue X, Boc-
CTaHOBJICHHE

2.3.3. Coenunenus ¢ GyHKUMOHAIbHBIMU IPYNIAMH,
COZIepKAIUMH a30T

OCHOBHbIE THUIIBI 3TUX COEIMHEHWI IpencTaBieHbl B TabJIu-
1e 2.3. C GONBIIMHCTBOM U3 HUX MBI YK€ BCTPEUaJINCh.

Taomuna 2.3. CoeanHeHUs ¢ PYHKIMOHATBHBIMU TPYITIIAMU, COIepKa-

UMY a30T
Knaccrr Haub6omee xapakrepHbie
Ne I'pynna N P P
coeMHeHHUi peakuuu
1 | Huano- AJKun- v apuwi- | TMapoaus 1o KUCioT, npu-
—CN LUaHUIbI (HU- coelMHEeHUe HyKJIeo(puios,

TPUJIBI KAPOOHO-
BBIX KMCJIOT)

BOCCTaHOBJICHUE

2 | Amuno- NH,,
AJKHJIAMMHO-
— NHAIk

AMVHBI TIEpBUY -
Hble, BTOPUYHBIE,
TPETUYHBIE

OG6pa3oBaHue cosieii ¢ Kuc-
snotamu bpeHcTena, obpa-
30BaHNE KOMITJIEKCOB
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Ta6muma 2.3 (okoHYaHUE)
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Knaccobl Hau6oaee xapakrepHbie
Ne I'pynna .
coeTuHeHuit peaximn
ApunamMuHo- ¢ kucioTtamu JIstouca, Hy-
—NHAr, KJ1eo(MIbHOE MPUCOETUHE-
JInanKkuiaMuHo- HUE M0 KPATHBIM CBSI35IM
—NAIk, C=Xu C==C, ankunu-
pOBaHME U allMJIMPOBaHUE
3 | UmuHo- NmuHbI Boccranosnenue, oopaso-
\C—NR BaHMUE COJIEH ¢ KUCIIOTaMU,
J/ TUAPOJIN3, PEaKINK C HY-
(R=H, Alk, Ar) Kkieodpuiamu
4 | I'mapokcuIaMUHO- Ankui- v apui- | BocctaHoBieHue, oKuce-
—NHOH TUAPOKCUIIAMUHBI | HUE, 00pa3oBaHue coJieii
C KMCJIOTaM U, aJIKUIMPOBa-
HUe, alUJIMPOBaHUE
5 | Hurpo- HuTtpoankaHsbl, Boccranosnenue
—NO, HUTpPOAPEHHI,
HUTPOATKEHBI
6 | Hurposo- Hutposzocoenun- | BocctaHoBiieHME, OKUCIIE-
—NO HEeHUS HUE

B aTOM Kypce MBI MO3HAKOMHUMCSI TaKKe C HECKOJbKHUMU
IpyruMKu  (DYHKIIMOHAIBHBIMM ~ TPYIIIAMU,  COAEPKAIIMMU
a30T, — a3’uagaMu, a30COCAMHEHUSIMY, TUApasUHAMU, THIPA30-
COeTMHEHUSIMH, N-OKCUIAMH TPETUIHBIX aMITHOB.

2.3.4. Coenunenus ¢ (pyHKIHOHAJIBHBIMU I'PYNNAMH,
coJiepKalyMu cepy

Taomuna 2.4. CoequHeHUs ¢ PYHKLIMOHATBHBIMU TPYITIIaMU, COlepKa-

MU Cepy
Knaccst Hau6oaee xapakrepHbie
Ne I'pynna . P P
coeuHeHHi peakuuu
1 | TuonbHas (cyabru- | Tuossl OxucieHue, aTKIInpoBa-
NIpUIbHAs, MepKanTo-) | (MepKarTaHbl), HHe, allWJIMpOBaHue, MPU-
—SH THODEHOJTBI COCTMHEHUE 10 KPaTHBIM
CBSI3IM, Y4acTHE B KaueCcTBe
HyKJIeoduIa B peakLmsIx
Sn-Tuna
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Knaccobt Hau6oJ1ee xapakrepHbie
Ne I'pynna .
coeMHeHui peakun
2 | Cynstuanas Cynbhunbt OkucieHue, aTKuInpoBa-
—S— (TMO3UpPHI) HUE, paclierieHUe CBSI3U
CcC—S
3 | ducyabduanas Hucynbduab BoccranosneHue, okucie-
—S—S— HUE
4 | Cyabtokcuanas Cynbhokcuast BoccranoBnenue
N\
/S =0
5 | Cyabo- Cynbdoxucnorsl | ObpazoBaHUe coieil ¢ oc-
—SOzH HOBAHUSIMU U LIEJ0YaMHU,
BOCCTaHOBJICHUE, dTepUbu-
Karust

B nanpHeieM Mbl BCTPETUMCS TakKe ¢ THOKAPOOHUJIbHBI -
AN
MU COEIUHEHUSIMU, COACPXAIIMMU TIPYIITY /C=S, cyabdho-
N
HaMW, COJEpXallUMU TPYMITy /SOZ, COJISIMU  CYJbGhOHUS

W IPYTUMU TPYTITIAMU C aTOMOM CEepHI.

2.3.5. Coenunenus ¢ (pyHKIHMOHAJIBHBIMU I'PYNINAMH,
coJiepKalIMMH IPYTHe reTepoaToOMbl

B kayecTtBe rerepoaToMoB B (DYyHKIIMOHAIBHBIX TPYIaxX MOTYT
BBICTYIATh aToMbl ¢ocdopa, a TaKKe aTOMbl HEMEPEXOTHbIX
U TIePEeXONHBIX MeTa/lIoB. Mbl HEOIHOKPATHO BCTPETUMCS
B JajibHeieM ¢ ankui- u apwigochuHamu, acupamu doc-
(opubIx KUCITOT, hochopaHamu. MarHuilopraHM4eCcKue coeau-
HeHUs (peakTuBbl [ pUHBSpPA) U TUTUOPraHUYECKHUE COEAUHE-
HUSI OTHOCSITCS K IIMPOKO UCMOJIb3yeMbIM CUHTETUUECKUM pea-
TEHTaM, a B IIOCJIEAHIO0 YeTBEPTh BEKA K HUM IIPUCOENUHWINCH
opraHMYecKue MPOU3BOJHbIE KPEMHUsI, 0J10Ba U O0pa, a Takxke
MeIU, NaJUIaanAs U MHOTUX APYTUX MEePEeXOIHbIX MeTauioB. Kpyr
TeTepPOATOMHBIX (DYHKIIMOHAJTBHBIX TPYII HEMPEPBIBHO PACIIN-
psiercs. TlonydeHbl BIOJHE YCTOWYMBBIE OPTAHUYECKUE COCMU-
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HeHUs gaxe co cBs3bio C—Xe. CTereHb nepeKphIBaHUS Opra-
HUYECKOW XMMHUHU C XUMHUEW BJIEMEHTOPTAHUYECKUX COEINHE-
HUIA, KOOPAWHALIMOHHOW XWMHUEU U CyINpPaMOJICKYJISIpHOU
XUMUEN MOCTOSTHHO pacTeT, W HOBbIE Haubojiee MHTEPECHbIE
pe3yJbTaThl BCE Yallle MOJYyYalOTCS HA CThIKE 3TUX AUCUUIIIMH,
YTO MBI YK€ SICHO BUAEIU TOJBKO YTO Ha MTPUMEPE CUHTE30B Op-
FaHUYECKUX COETUMHEHUI C TOMTOJOTUYECKUMU CBSA3SIMU.

2.3.6. /IBoiicTBeHHOE MOJIOKEHHE KPATHBIX CBsA3ei
C=CuC=C

CrnenaHHOe HaMU TPEANOJI0XEHUE O TOM, YTO B OpraHWYeCKOM
MOJIEKYJIE BCET/Ja MOXHO BBIIEIUTh CTAOWIbHBIN HEM3MEHHBIN
ckeJeT W Oosee JJaOWUJIbHBIE MO OTHOLICHUIO K XUMUYECKUM
TpaHchopMausIM QYHKIIMOHAIbHBIE TPYIIIIBI, BEChbMa YCIOBHO.
OHoO, KakK, BIIPOYEeM, M1 MHOTHE IPYTHe YTBEPKICHNS B OPTaHU-
YeCKOI XUMUH, HEe SIBJISICTCS CTPOTUM, O 9YeM YaCTHYHO YKe ObI-
JIo ckazaHo B jiekuuu 1. CTporocts J1000ro MaTeMaTuyeCcKoro
VIBEPXACHUSI WJIM TepMUHA OIPOBEPraeTcs IpeabsBICHUEM
«IIPOTUBOpEYAIIEro MpuMepa». B 3ToM KOHKPETHOM cilydyae ero
HAWTU COBCEM HETPYHAHO.

Mgl otHecau (cM. Beime) KpaTHble cBsism C—C n C=C
K 2JIEMEHTaM CKeJieTa, 4TO BIOJIHE ompaBnaHHo. Ho MoxxHO
TIPUBECTH OOJIBIIIOE KOJIMYECTBO XUMUYECKHUX PEAKIIMI MOJIEKYII,
conepxalux Takue CBsI3U, IJie UMEHHO OHU B IIEPBYIO ouepeab
ToABepralTcs TpaHchopMalusIM, B TO BpeMs KaK MPHUCYTCT-
BYIOIIIIE B HUX TeTePOATOMHBIC (DYHKIIMOHATIBHBIC TPYIIILI HE
3aTparuBaroTcs. TaKoBbI, HAIIPUMEP, MHOTHE PEaKIIMU TIPUCOe-
JTUHEHUST 3IeKTPOMPMIBHBIX PeareHTOB (TaJoreHbl, TaIoTeHOBO-
JIOPOIIbI) K KPaTHBIM CBSI3sIM, KOTOPBIE HE 3aTparnBaoT (hyHKIIM-
OHAJIbHBIX TpymIl. Peakuuu 31eKTpOo(GUIBHOIO 3aMelleHUs
B OEH30JIbHOM KOJIbIIE TAKXKE MPOTEKAIOT B CBOEM OOJIBILIMHCTBE
B IIPUCYTCTBUM TETEPOATOMHBIX 3aMECTUTEJICH, HE 3aTparmBas
ux. B cBa3u ¢ atuM kpatHble cBsi3u C=C u C=C u apomaTtuye-
CKUE LIMKJIbI MBI TAK3KE TOJIKHBI pACCMAaTPUBAaTh 1 KaK 3JIEMEHTBI
cKeJseTa, U Kak (hyHKIIMOHAIbHbBIE TPYIIIIHI.
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2.3.7. U3omepus (pyHKIMOHAIBHBIX MPOU3BOIHBIX

OnHO U3 cnencTBUil BBeAeHUST (PYHKIIMOHATHHOM TPYMIIhI KaK
3aMECTUTENS B CKeJleT 0ueBUAHO. OHO MPUBOAUT K MOSIBJICHUIO
CTPYKTYPHBIX M ONTUYECKUX M3oMepoB. Hampumep, mist xjop-
TeKCaHOB C HEPA3BETBICHHOM YIJIEPOAHOM 1IETTOYKON CYIIECTBY-
eT TISITh U30MepoB: |-xyoprekcaH (64), a Takxke 2-XJIOprekcaH
(65) u 3-xnoprekcaH (66), Kaxablii U3 KOTOPBIX MPEACTaBISIET
co0oli mapy HAaHTUOMEPOB, MOCKOJIbKY B HUX TOSIBIISIIOTCST XU-
pasibHbIE IIEHTPBI, TOMEUYEHHBIE 3Be3n0ukamu (puc. 2.25). A BBe-
JIEHUE aTOMa XJI0pa B LIMKJIOT€KCaH MPUBOAUT K EAMHCTBEHHOMY
CTPYKTYPHOMY M30Mepy — XJOpUUKIOreKcaHy (67), KOTOphbIii,
OJTHAKO, CYIIECTBYET B BUIE ABYX KOH(POPMEPOB C aKCUATBHBIM
(67a) u sxBaropuabHBIM (67b) MOTOXEHUSAMU XJIOpa, KOTOPBIE
pasauyaroTesl Mo 3Hepruu (0ojee YCTOWYMB 3KBATOPUATbHBIN
KOH(OPMEP) U CYIIECTBYIOT B TMHAMUYECKOM PaBHOBECUU, TIPU
KOMHATHOU TeMIiepatype ObICTPO Mepexois IPYT B APYTa.
CTpyKTYypHBIE U30MEPHI, KaK MBI YK€ 3HaeM, OTJIUIAIOTCS 110
CBOMM (DU3NYECKUM U XUMUUYECKUM CBOMCTBAM, U 3TU pa3Indusl
B ciiyyae (PYHKIMOHAIBHBIX TTPOU3BOMHBIX MOTYT OBITh MHOTO
OoJiee 3HAYUTEIBHBIMU, YEM B CiIyyae yrjieBomoponaoB. Yucio

H,CCH,CH,CH,CH,CH,Cl  (64)
H3C(*3HCH2CH2CH2CH3 (65)
&
H3CCH2éHCH2CH2CH3 (66)
&
Cl

(672) (67b) H

Puc. 2.25. VizomepHbIe XJIOpreKCaHbl C TUHEITHOM LeTbI0 U KOH(MDOPMEPHI XJT0p-
LIMKJIOTeKCaHa
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CTPYKTYPHBIX M ONITUYECKUX U30MEPOB OBICTPO pacTeT MpU Ha-
JINYNH B COSTMHEHNN HECKOIBKIX (DYHKIIMOHABHBIX TPYIIIL.

3adaHue 2: Hapucyiite Bce BO3MOXHbIE U3oMepbl GyTaHam-
oN1a M yKaXuTe, Kakme U3 HUX CYLLLECTBYIOT B BUAE ONTUYECKUX
M30oMepoB.

S u3bpan smurpadoM K 3Toi JIeKIMHU (hpas3y 13 BEICTYIICHUS
A.H. HecmessHOBa Ha ero BCTpeye CO CTyIeHTaMU-XUMHUKaMHU,
KOTOpasl IpoXoauia OnHUM (dheBpalbCKUM BeuepoM 1968 r. B ro-
CTUHOM 1IECTOro 3Taxa «30HbI K» obwexutus MI'Y, u s xouy
3aBEPIINTH €¢ eIlle OMHUM €ro BBICKA3bIBAHUEM B 3TOT BeUep:
«MBI ¢ BocxuIlleHMeM HabJIrogaeM 3a TeM, Kak IIPUpo/Ia iejicHa-
MIPaBJICHHO CO3IAeT CIOXHEHIINE CTPYKTYPhl OPTaHMYECKUX CO-
eIMHCHUI, KaXXI0e M3 KOTOPBIX 00JIagacT HEITOBTOPUMBIM HA00-
POM HEOOXOTMMBIX et cBoiicTB. OHa HE MCTIOJIb3YeT HU BHICOKMX
TEeMIIepaTyp, HU BBICOKUX MABJICHUI 1 TP 3TOM OCYIIECTBIISICT
MHOTOCTAIUITHBIE XUMUIECKHE TTPOIIECCHI C OTPOMHBIMU CKOPO-
ctamMu U 100%-Holi CeJeKTUBHOCTBIO. Sl KaK XMMMK-OpPraHUK
BIKY CBOIO 337124y B TOM, YTOOBI IPUOIU3NUTHCS K HEil B 3TOM HC-
KyCCTBE CUHTEe3a. A JUISl 9TOTO s JOJDKEH B IETAJISIX pa3odpaThbCs
B 3aKOHAaX, IO KOTOPBIM ITPOTEKAIOT XWMMUYECKUE ITPOIICCCHI
B XKMBOI KJIETKEe, a 3aTeM HCIIOJIb30BaTh WX, YTOOBI ITOCTPOUTH
CTOJIb € COBEPIIICHHBIN XUMUICCKUI PEaKTOP».

BpeMss mpucTYymUTh K M3YYCHHWIO 3THUX 3aKOHOB HACTallO
U WIS Hac. MBI JOJDKHBI HAWTH OTBETHI HA MHOTO BOIIPOCOB.
Ham Hy>XHO, Haripumep, TTOHSTh, KaK MEHSIIOTCSI CBOMCTBA CKe-
JIeTa MpY BBelIeHUU (DYHKIIMOHAIBLHOU TPYIIILI M KaKOe BIIMSI-
HHE OKa3bIBaIOT (DYHKIIMOHAJIBHBIC TPYIIITHI Ha CBOICTBA IPYT
Ipyra B Pa3HBIX CTPYKTYPHBIX OKPYKEHMSIX. A IIJIT 3TOr0 HE00-
XOIMMO HavyaThb C a30B M OCBEXXUTh HAIIIM 3HAHUS O TUTIAX U TIPU-
polie XMMUUYECKNX CBsI3eil. Sl HACTOSITEIbHO COBETYIO BaM Iepen
IBYMS CIICTYIOIIMMM JICKIIUSIMH, Ha KOTOPBIX MBI OyIeM paccMa-
TPUBATh 3TU BOIPOCHI, €lll€ pa3 MPOCMOTPETh Marepuas Mo oo-
MM TIPUHIMIIAM KBAaHTOBOM MEXaHWKHU, CTPOCHHUIO aToMa,
SHEPTUSIM 1 (popMaM aTOMHBIX OpOUTAJICHA.
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SJIEKTPOHHOW CTPYKTYPbI
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3.2. Monekyna Bogopoaa

3.3. MonekynapHbiii on H3

3.4. Oprto- 1 napaBogopoa

3.5. [IByxaToMHble roMOAAEpHbIE MOMNEKy bl

3.6. [1ByxaToMHble reTeposfepHble MOMEKy bl

3.7. DnNeKTpOOTPULATENIBHOCTE aTOMOB M aTOMHbIX rpynn. [onApHocTe ceasen. Dd-
eKTUBHbIE 3apAZbl Ha aTOMaX

3.8. MNpubnmxeHne nokannsosaHHbIx ceaseit. [MGpuamsaums AO

3.9. MNoBepXHOCTL MOTEHLMANLHOM SHEPrM MOMNEKYIAPHOM CUCTEMbI

3.1. BeepeHue

He B Tpaguuuu xummyeckoro ¢akyiasreta MI'Y HaunHaTh Kypc
JIEKIIUMA MO OPraHUYECKOM XMMHM C PACCMOTPEHUS METOIOB
OIMMCAHUS 3JIEKTPOHHOU CTPYKTYpHl OPraHWYCCKUX MOJICKYII.
Moti yuntens akaneMuk A.H. HecMesTHOB, KOTOPBII ynTam 3TOT
Kypc 0osee 20 yeT, HAYMHAN CBOM JIEKLIMU € paccKasa 00 yrje-
POIHBIX CKEJIETaX OPTaHUYECKUX MOJICKY U O (DYHKIIMOHATBHBIX
TPYIIax, a 3aTeM Cpa3y Xe TEePeXOAWs K M3IOXKEHUI0 XUMUWN
MpeNeTbHBIX YIIIeBoAopoaoB. OH JevII BCIO XMMUIO Ha JIBE KaTe-
TOPUM — XUMUS «BKYCHAsl» U XUMUS «HEBKYyCHasl». «BKycHOI»
OH Ha3bIBaJl XUMUIO, B KOTOPOi1 OBIJIO MHOTO «HEOOBIYHBIX (haK-
TOB, HEe HAXOOWBIIMX OOBSICHEHUS B paMKax KJIAaCCHYECKOM Teo-
pumn». A Bce Te pasiesibl, Ie ¢ MO3ULMIA KJIacCUYeCKOi TeOpuu
Bce ObUIO SICHO M ITOHSITHO, OH CYUTaJ «HEBKYCHBIMU». S TIpo-



cilylllaJl ero KypC CHayajla KakK CTyOeHT TPeThero Kypca
B 1956/57 y4ye6HOM ToOmy, a 3aTeM B T€YCHHUE TPEX JIET KaK ero
JIEKIIMOHHBIN accucTeHT (1963—1966 rr.). B MOl0 3amaqy BXOM-
JIO IEMOHCTPUPOBATh Ha JICKIINY XUMUICCKHUE OIBITHI. YBHI, 3Ta
Tpanuiys JaBHO yTpadeHa. Kak-To rmoce JeKIuu 51 CIIPOCHII €r0
O TOM, HAaCKOJIbKO TI0JIe3Ha, C €r0 TOUYKW 3peHUsI, COBpeMEeHHasI
TeOpUsT B opraHmdeckoit xumur. OH OTBETHJI, UTO CUMUTACT TCO-
pUIO OYEeHb BaXKHOM, MOCKOJIbKY XUMMK-TEOPETUK, «CIEAys IO
MmSTaM 3a XUMUKOM-3KCITEPUMEHTAaTOPOM, TIOMOTaeT 3KCIepHU-
MEHTaTopaM CHCTeMaTHU3MPOBaTh HAKOIUICHHBIN MMH MaTepH-
aj». Ho 3aTtem nob6asui co B31oxoM: «BOT BBI, MOJI01€XKb, CJIMIII-
KOM YBJIEKAaeTeCh COBPEMEHHBIMU TEOPUSIMU U BCE CTPEMUTECH
repesie3Th B (PU3MIECKYI0 XMMUIO 110 IIaTKOMY MOCTUKY COBpe-
MEHHBIX TeopHuil. I KaK XMMUK-OpraHUK BHUMATEIbHO 32 STUMU
TOTTBITKAMM HaOJTIOIa0 U 1axke ux moiepxuBaio. Ho caM moka
MIPEATIOUNTAI0 OCTABAThCS IO 3TY CTOPOHY MOCTa». DTO cKaszaj
YeJIoBEeK, KOTOPBIi, IO CYILIECTBY, CIlac OT pa3rpoMa TeopeThye-
ckyto xumuto B CCCP, o ueMm s pacckasbiBaj B JIeKLIUHU 1.

[Ipomwio Gojee MoayBeKa, M CUTyallrsl B XUMHUECKOI HayKe
KapauHajabHO U3MeHWIach. O0beM HAKOIJIEHHOTO B OpraHuye-
CKO XuMUM (haKTUYIECKOTO MaTepuajia BBIpoc 0oJjiee YeM Ha Io-
psimoK. OH CTOJIb OTPOMEH, UTO €ro He MOXKET BMECTUTh TTaMsITh
Jaxe BblAarolIerocs yeaoneka. M Tenepp y TOro, KTo X04eT «U3y-
YUTh OPTraHUYECKYI0 XMMUIO», OCTAeTCSI TOJIBKO OMWH IIaHC —
BBEISIBUTH B OTPOMHOM Mope (PaKTOB 00IMMe 3aKOHOMEPHOCTH,
YCBOUTH UX U UCIOJIb30BaTh KaK CPEICTBO HABUTALIMU ITPU pellie-
HUJ HOBBIX XUMHUYECKMX TTpo0eM. IMEHHO TT03TOMY S I HAauM-
Halo CBOM JICKIIUH C TEOPETUUECKOTo BBeneHMsI. Hameroch Ha To,
YTO MOM CJIyIIaTe Iy He TIPeHeOPeru MOMM COBETOM Mepe 3Toi
JIeKIIMe# ele pa3 MpoCMOTpeTh MaTepuas Mo OO0IIUM TPUHIIM-
ITaM KBAaHTOBOW MeXaHWKW, CTPOCHUIO aTOMa, SHepTusM 1 Gop-
MaM aTOMHBIX OopOuTajeil. DTU 3HAHUS HEOOXOAUMBI ISl TOTO,
YTOOBI MEPEUTU K 60Jiee CT0XKHBIM 0OBEKTAM — MOJIEKYJIaM.

B pamkax Tteopuu MoJjekynspubix opoutaneii (MO) kBaHTO-
BO-MEXaHMYECKME 3aBUCUMOCTH IIJISI aTOMa paclpOoCTPaHSIIOTCS
Ha MOJIEKYITy, KOTOpasl paccMaTpUBaeTCsl He KaK COBOKYITHOCTh
COXPaHWBIINX MHINBUIYAIFHOCTb aTOMOB, a KAK COBOKYITHOCTh
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ATOMHBIX SIIEp W 2JIEKTPOHOB, pPacIipee/IeHHBIX B X 0000IICH-
HOM T10J1e. JIMCKPEeTHbIE IHEPTETUUECKUE COCTOSTHUS MOJIEKYJIbI
OIMUCHIBAIOTCSI MHOTO3JIEKTPOHHBIMU BOJTHOBBIMU (DYHKLUSIMU
(MonexkynsgpHbiMu opoutansmu, MO), Kaxkaasa U3 KOTOPBIX Xa-
pakTepu3yeTcsl CBOMM 3HAYCHUEM YHEPIMU U CBOCH CHMMMeET-
pueii. B onHOo2eKTpOHHOM NpubakeHuu MO onuvceiBaeT no-
BelleHUe 2JIEKTPOHA B IOJIe BCeX SAep MOJIUATOMHOM MOJIEKYJIbI
¥ B YCPEAHEHHOM T10JIe BCEX OCTAIbHBIX 3JIEKTPOHOB. 3arojiHe-
Hre MO 3J1eKTpOHaAMU OCYIIECTBIISIETCS TOYHO TaK Xe, Kak B
MHOTO3JIEKTPOHHOM aTOM€ B COOTBETCTBUU € MpUHLIMIIOM [1ay-
m (kaxaass MO MoXeT ObITh 3aHSITa Mapoit JEKTPOHOB C TPO-
TUBOTIOJIOKHBIMU CITMHAMM), Y TaK, YTOOBI TTOJTHASI SHEPTUS CU-
cTeMBI ObUTa MUHUMaNBbHA. [ToaToMy MO 3amoiHSIIOTCST SJIeK-
TPOHAMU MOCJIENOBATEIbHO MO Mepe pocTa ux sHepruu. Ecium
nBe MO uMeroT 0IMHAKOBYIO SHEPIUIO (BBIPOXKIEHUE) U UMEeT-
Cs IBa BJIEKTPOHA, KOTOPhIE MOTYT Ha HUX Pa3MECTUThCS, Tep-
MOIWHAMMYECKH HaboJIee YCTOMUMBOI SIBIISICTCST SJICKTPOHHAS
KoHbUTypalusi, Ipu KOTOPOW 3TU BJEKTPOHBI HAXOASATCS Ha
pasHbix MO ¢ mapajuieIbHbIMU CIIMHAMM (TTPaBUJIO XYHA).

WNutepecHaa pabora: Stodolna AS., Rouzee A, Lepine F., Cohene S., Ro-
bicheaux F., Gijsbertsen A., Jungmann J.H., Bordas C., Vrakking M.J.J. Hidrogen atom
under magnification: Direct observation of the nodal structure of Stark states //
Phys. Rev. Lett., 2013, 110, 213001.

B npuommxenun JIKAO MO monekyasapHbie opoutanu W,
CTposiTCs Kak JnHelHble KomOuHamu AO @;, B Ka4ecTBe KOTO-
PBIX OOBIYHO MCITOIB3YIOT OPOUTAIN CIICTEPOBCKOTO THITA. Ync-
Jio obpaszyromuxcss MO paBHo uuciny AO, ydacTBYIOIIUX B CBSI-
3bIBAaHUM.

W, =c, @ T 0, te3p3 Tt ¢,

Koadbdunuentor C,; oTpaxawT BKIaabl Kaxnoidn uz AO B
JanHyto MO. 3HaueHUs 3TUX KO3(MDOUILIMEHTOB HaXOAAT pelle-
HueM ypaBHeHus lllpeauHrepa, MUHUMU3UPYS IIOJIHYIO DHEP-
TUIO CUCTEMBI MeTofoM XapTpu — Doka Win ApyruMU MeTo/Ia-
MM, C KOTOPBIMU BbI TIO3HAKOMUTECH B KYPCE KBAHTOBOM XUMMMU.
OOBIYHO 3a1a4y pelnaioT B npubauxcenuu bopna — Onneneeiime-
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pa. B 3TOM NpuOIMKEHUU IOJIHAS SHEPIUsSl MOJIEKYJbI IIpem-
CTaBJIIET CO0OI CyMMY BJICKTPOHHON SHEPTUM, BBIYMCICHHOMN
npy (PUKCHUPOBAHHON KOHGMWTIYpallMy saep, U KojebaTellb-
HO-BpalllaTe/IbHOI 3Hepruu siiep. [1ocKoIbKy Macca siipa 3Ha-
YUTEJIBHO IPEBBIIIAET MACCy 3JIEKTPOHA, CKOPOCTh JABUKECHUS
siep Majia 110 OTHOLUEHUIO K CKOPOCTU ABMKEHUS 3JI€KTPOHOB,
U pacripenieieHue 3J1eKTPOHHON TJIOTHOCTHU yCIieBaeT MIHOBEH-
HO TIOICTPOUTHCH K JII00OMY U3MEHEHUIO KoopauHat siaep. I1o-
3TOMY B NpubaukeHun bopHa — OnmeHreiiMepa CUMTAIOT MO-
JIOXXEHMS simep (PUKCHUPOBAaHHBIMM U PACCMATPHUBAIOT TOJBKO
JBIDKEHME 3JIEKTPOHOB. Ha sI3bIKe KBaHTOBOI MEXaHUKU 3TO
SKBUBAJICHTHO IOMYIICHUIO, YTO IOJHASI BOJIHOBAas (DYHKIIUS
MOJIEKYJIbI MOXET OBITh BhIpaskeHa B BUIE TTPOMU3BEICHMUS IJIEK-
TPOHHOI U gaepHoil pyHKuMit. OgHAKO 3TO MPUOIMXKEHUE B
HEKOTOPBIX CIydasiX He COOJIIOAAeTCs, M ¢ OMHUM U3 HUX MBI B
OPTaHMYECKOI XMMHUU BCTPETUMCS B OJIVKAMIIIEM OYIyIIeM.

BricTpoe pa3BuUTHE METOIOB KBAHTOBOI XUMUU B COUCTAHNH
CO CTPEMMTEJIbHBIM COBEPIICHCTBOBAHWEM BBIYMCIUTEIBHOM
TEXHUKH B TIOCJIEAHUE IBa ACCATUICTUS TTO3BOJISIET ceiiuac KBa-
JTUGULMPOBAHHOMY XMMUKY ITPOBOIUTDH PACUYEThl 3J1€KTPOHHOM
CTPYKTYPBI MOJIEKYJI M MOJEKYISIPHBIX CHCTEM, COAEpP KaIINX
COTHHM aTOMOB, BEIYUCJISITH TTPY 3TOM 3HAYCHUST MHOTHX TTapaMe-
TPOB M MOJIEKYJISIPHBIX CBOMCTB (T€OMETpUUYECKIE TTapaMeTpHl,
3Hepruu o0pa30BaHUsI, CIIEKTPaJbHble 1 MATHUTHBIE CBOMCTBA
U T. I.) C TOYHOCTBIO, AOIYCKAIOILIE MPSIMOE CpaBHEHUE ITUX
BEJIMUMH C SKCIIEpUMEHTOM. Takue pacueThl CTall CTOJb 3Ke
OOBIYHBIM ¥ ITUPOKO MCITOJB3YeMBIM METOIOM HCCIICIOBAaHMS,
KaK CIIEKTpaJibHble METOJbI, a [I0O3TOMY OBJIaJICHUE UMU — He-
00X0IMMOE YCJIOBME ITOATOTOBKU JIIOOOTO XMMUKA-HUCCIIeI0Ba-
tesst. OQHAKO OYEHb LIEHHbBIE Pe3yJIbTaThl, ITO3BOJISIONINE HA Ka-
YeCTBEHHOM YpPOBHE WHTEPIIPETUPOBATH IKCIICPUMEHTAIbHEIC
TAHHBIE, OMMCHIBATh W TIPEACKA3hIBaTh PE3YIbTaThl XUMIUIECKUX
3KCIIEPMMEHTOB, MOXHO IIOJYYUTh U 0€3 CJIOXHBIX PacyeToB,
aHaJIM3UPYsl CTPYKTYpY, DHEPTMU M y3JI0Bble cBoiictBa MO.
B kypce opraHn4eckoil XMMuu MbI OyJIleM B OCHOBHOM HCIIOJIb-
30BaTh TAKOM Ka4eCTBCHHBIN TTOIXO.
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3.2. Monekyna Bogopogaa

C snepreTuyeckuMu auarpammamMu MO nona HI u Monexysb
nuBomopona H, (puc. 3.1) BB 3HAKOMBI TTO KypCY CTPOCHUS Be-
mectBa. KOpoTKo BCHOMHUM 3TOT MaTepuall.
IlepexpriBanue naByx 1s-AO atomoB H B
daze (1s' + 1s") npuBOoIUT K O0Opa3OBaHUIO
& CUMMETPUYHOU cesasvtearoueri MO, >HepTUS
i KOTOpOil HUKe, yeM sHepruu 1s-AO aToMoB
H. 9ty MO u 3aHuMaloT oba 3JeKTpoHa B
MOJIEKYJIE.

DJIeKTPOHHAS TUIOTHOCTD ITPH 3TOM KOHIICHTPUPYETCS B IIPO-
CTPaHCTBE MEXAY aTOMaMHu BOIOPOMA, YTO XOPOIIO BUIHO Ha
KOHTYPHOM KapTe, TIpeacTaBIecHHO Ha puc. 3.2. Kapra ctpourcst
KaK Pa3sHOCTb MEXIy 2JIEKTPOHHOW TUIOTHOCTBIO MOJIEKYJIbl U
HECBS3aHHBIX aTOMOB, COJIKEHHBIX Ha PaBHOBECHOE PaCCTOSI-
Hue. CrIolHbIe JMHUKM KOHTYPHOU KapThl OTpaxaroT o0JacTu
YBEIMYCHUSI 3JIEKTPOHHOM IUIOTHOCTM (B EOMHMIIAX 3apsiia
a7ieKTpoHa). [IyHKTHpHBIE — 00JaCTH ee YMEHBIIEHUSI B MOJIe-
KyJIe TI0 CPaBHEHUIO C 3JIEKTPOHHOM TIOTHO-
CTBIO HECBSI3aHHBIX aTOMOB BOJOPOJA.

IlepexpriBanne aByx 1s-AO aromoB H B
\/' npotuBodase (1s'-1s") npuBoIUT K 00pa3oBa-

HUIO aHTUCUMMETPUIHO paspoixasrouteii MO,
SHEPIUsl KOTOPOil Bhlllie, YeM aHeprun 1s-AO

f— 5
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Puc. 3.1. Iuarpamma yposHeit aHeprun AO atomoB H 1 MO monexyner Hy



3.2. Moaexyaa 6odopoda J

Puc. 3.2. KoHtypHas KapTa 3JIeKTpPOHHOI TUIOTHOCTH ISl MOJIEKYJTBI BOMOPO/IA

atromoB H. OHa ocraercs cBobonHoit. Dta MO nMeeT HyJIeByIO
3JIEKTPOHHYIO IUIOTHOCTD (Y3€J1) MEXIY aTOMHBIMU SIIPAMMU.

Cesize H—H 6 moaexyae 6odopoda — munuunas deyxuenmpo-
6as deyxasexkmponnasn (2c,2e) 0-ceéa3v. Omaunumenvnas ocooen-
HOCmb G-cé:a3ell — pacnpedeaenue 31eKmMpOHHOL NAOMHOCIMU CUM-
MEmpu4HO OMHOCUMEAbHO OCU CE513U.

DHeprus cBsa3u B Mosiekyne H,, koTopas paBHa paboTte, He-
00X0IMMO¥ TSI pa3pbiBa MOJIEKYJIBI Ha JiBa aToMa BOIOPOJA,
KaXIbIii U3 KOTOPBIX COXPAHSIET CBOU 3JIEKTPOH, W yHAJICHUS
UX ApPYr OT Jpyra Ha OECKOHEYHOE pacCTOSTHUE, COCTaBIISIET
436 xJIx/monb (104,2 xkan/mMonb win 4,477 5B). 3ameTum, 4To
JUTSI TETEPOJIMTUYECKOTO pa3pbiBa MOJIEKYJIBI BOJOpOIa ¢ oOpa-
3oBaHueM mapbl MoHOoB H* m H™ HeoOxomuma sHeprusi B
1675 xIx/momb (400,3 KKan/Mob). DTO M HEYIUBUTEIBHO, I10O-
CKOJIbKY B 3TOM CJIyyae HeoOXOIMMO pa3BeCcTH Ha OECKOHEYHOe
paccTosiHie TPOTUBOIOJIOXHbBIE 3apsiabl. PaBHOBECHOE MeXb-
snepHoe paccrossHue R, (H—H) B moisiekyne Bogopona paBHO
0,75 A. Kpusast ©3MeHEHMsI TOTEHIINAIBHO SHEPIUH IS IBYX-
ATOMHOI MOJIEKYJIbI B 3aBUCMMOCTH OT MEXbsIJIEPHOIO PACCTOS -
HUS ToKa3aHa Ha puc. 3.3. OTHOCUTEeNIbHbIE BKJIaAbl B MOJHYIO
3Hepruio MoJjiekysbl H, cocTaBisior:

[Tonnas anexkTpoHHas sHeprust H,  740,5 + 0,5 kkan/Momb

DIEKTPOHHAsI SHEPTUS

nByx atoMoB H 631,6 KKaJI/MOJIb
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Puc. 3.3. KpuBass u3MeHEHMS] TMOTEHIMAJIbHOW SHEPruu B 3aBUCUMOCTU OT
MEXDBSIEPHOTO PACCTOSIHMS JUISI BYXaTOMHOM MoJiekysibl. Yepes g
0003HaueHa HyJieBast KoJiebaTeIbHast SHEPTUsT

DJEeKTPOHHAs SHEPTUS CBI3U 109,5 KKaJI/MOJIb
Hynesas konebarenpHast aHeprus 6,2 KKaJI/MOJIb
BpaiarensHast aneprus H,

(ipu 291 K) 0,6 KKaJ1/MOJIb
[MocrynarenbHast aneprus H,

(rmpu 291 K) 0,9 KKaJI/MOJIb
ITonpaBoYHBIii YiIeH pv

(ripu 291 K) 0,5 KKaJI/MOJIb
DHEPTUS CBSI3N 104,0 £+ 0,5 kxan/MoOIb

IlpencraBieHust 0 HyJeBOM KoyiebaTeJIbHOU 3HEPTUU €, MO-
HamoOSITCS HAM B JAJIbHEHIIIEM TIPU OOCY>KACHUU TIPUPOIBI K-
HETUYEeCKUX U30TOMHbIX 3¢ dekToB. [ToaToMy obpaTrTe BHUMA-
HUE Ha 3Ty BEJIUYMHY.

Takast 3aBUCUMOCTb O0YCJIOBJIEHA IByMsI KOHKYPUPYIOIIUMU
BkJanamu. [1pu cOnmvkeHUu siaep yBeJIMYMBaeTCsI MHTETpal Te-
pexpbiBaHus AByX 1s-AO (S}, = [@,p,dT) U pacTeT Heprus cBs-
3bIBAaHUSI U, COOTBETCTBEHHO, YMEHBIIAETCS MOJIHAS SHEPTUs
cuctembl (Kpusasi A Ha puc. 3.4). OmHaKO Mpu 3TOM pacTeT Ky-
JIOHOBCKAsI DHEPrus oTTaJKuBaHug saaep (Kpuas B Ha puc. 3.4).
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1'A 2'/& ri—pg 3 A

Puc. 3.4. VI3ameHeHMe 31eKTPOHHOI 3Hepruu (Kpusasi A), KyJJOHOBCKOTO OTTall-
KuBaHUs saep (KpuBas B) u nosHoii aHeprum (kpuas C) npu usme-
HEHUU MEXDbSIEPHOTO PACCTOSIHUS B MOJIEKYJIe BOIOPOIa

MuHUMYM TOJTHON SHEPTUU TOCTUTAETCS, TAKUM 00pa3oM, Ipu
3HaYeHUN MeXbsiiepHoro pacctosHusi 0,75 A. CymmapHast Kpu-
Basg C XopolIo anmpoKCUMUPYETCS SMIUPUYECKON (hyHKIMEeH
Mop3e (ypaBHeHue 3.1):

E(r) = D1 — exp[—a(r — r,)]}? 3.1

PucyHok 3.3 mpencrasisieT, 1o CYILIECTBY, IBYMEPHYIO nO-
eepxnocmo nomenuuaavHoil 3nepeuu (ITI19, B aHTIIOSA3bIYHOM JIH-
tepatype PES, potential energy surface) nisi IByXaTOMHOM MoJie-
KYJIbL.

Al nonarato, YTO B Kypce MO CTPOEHWIO BELLECTBA Bbl Y>K€ BCTPEYasIMCb C 3TUM
TEPMMHOM 1 MMeeTe HauvasibHble CBeAeHuA o cnocobax noctpoenua MM monekynap-
HbIX CUCTEM U UX CBOMCTBAX. p'ﬂil TOro YTOGbI Bbl MO/ OCBEXUTb B MAMATU OCHOBHbIE
CBeAEHUsA, A BKJIOUYMN B 3TOT TeKCT HebGonbluoi pasgen 3.9, KOTOPbI Bbl HaigeTe B
KOHLE. I'Ipe,qCTaBneHMa o MMN3 3aHumatot OJIHO U3 LieHTpaJibHbIX MECT B 3TOM Kypce, U
Mbl 6)’,0,8[‘1 Aanee nonb3oBaTbCA MMU OYE€Hb LLUMPOKO. I'Ipomy 06PaTVITb ocoboe BHUMa-
HUEe Ha 3TOT MaTepuan.

BHumaHuto mex, Kmo cepbe3Ho uHmMepecyemcs ¢pusudeckoll xumued.
MesxbadepHbie paccmoaHuA 8 MOIEKYIaX SKCNePUMEHMATILHO Onpedenaomca ¢ no-
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Mowbo Memodos peHmzeHOCMpyKmypHO20 GHAU3A MOHOKpUCMAnios, memoda
2030601 3/1eKMpoHozpagpuu u memoda MukpososiHosol cnekmpockonuu. O6bi4HO
XUMUKU NOJIb3YOMCA 3HAYEHUAMU MeXbAOEPHBIX paccmosHull, ycpeOHeHHbIX No me-
ns108bIM KOIE6AHUAM MOJIEKYSIbl, KOMOpble 8 CMPYKmypHOU Xumuu 0603Ha4arom
KaK rg (Rg). B omuiudue om HuX 6 K8AHMOBO-XUMUYECKUX paciemax ebiCoK0zo ypos-
HA MOXHO NoJTy4ums MexbAdepHoe paccmosHue r, (R.), coomeemcmeytouiee MuHu-
MyMy NOMEHUUAIbHOU SHepauu Ha NOSEePXHOCMU NOMEHUUAsbHOU SHepauu, m. e.
Ona 2unomemuveckoll Hekonebntowelca monekynbl. Paznuyus mexady smumu eesiu-
YUHAMU Hesenuku, u R, ecezda Gosbwe Re. Hanpumep, dna monekynsi mema-
Ha CHy Ry(C—H) = 1,107 (I)A a no danHbim HauGonee mo4Hozo paciema
Re(C—H) = 1,0870 (7) A 3amemum, umo dna mempadetimepomemara CD4 pac-
cmosHue C—D Heckonbko kopoue: R(C—D) = 1,107 (1) A Bonee nodpo6Hoe
paccmompeHue npobnem MoneKynApHOU CMPYKMypbl MOXHO Halmu & omsu4yHoU
MoHozpagpuu «MonekynapHbie cmpykmypbi» (ped. A. [JomerukaHo u M. Xapaumau.
M.: Mup, 1997).

KoHmponbHbili éonpoc: PaBHOBecHOe MexbaaepHoe pac-
cTroAHue B usotonomepe sogopoaa H—D cocrasnsaer 0,7414 A,
a dHeprua cBasu B HeM — 4,512 3B. O6bsAcHUTe 3TU haKThbl.

[MoTeHLMal MOHU3ALUKU MOJIEKYJIbl BOAOPOAA COCTABISIET
13,5 aB. D10 3Heprus, HeoOXoaUMasl JIsl TOTO, YTOObI OTOPBATh
M yIAJIUTh Ha OECKOHEYHOE PACCTOSIHUE OIMH 3JIEKTPOH CO CBSI-
spiBatoiieit MO. OH paBeH sHepruu cBs3biBatouiein MO. Tlpu
OTPBIBE OJHOIO 3JIEKTPOHA OT MOJIEKY/IbI BOIOPOAa 00pa3yeTcst
MOJIEKYJISIpHBIIA MOH HY, ¢ n3yuyeHus: KOTOpOro Hauajaoch pa3Bu-
THEe KBAHTOBOI XUMMU. DTO €AMHCTBEHHAsI YaCTULIA, B KOTOPOii
peaqm3yeTcsl IBYXLIEHTPOBAasT OMHOAJIEKTPOHHAS CBSI3b. MeXb-
SIePHOE PAacCTOSTHYE B HeM yBemumBaetcst 10 1,06 A, a sneprust
JIUCCOLMALIMY YMEeHbIIaeTcs 10 62,8 kkaji/MoJb (2,648 5B).

Ceazo H—H 6 moaexyaapnom uone Hi — npumep oeyxuen-
mpoeoii 00nosrexkmponnoil (2¢,1e) o-ces3u.

BaxxHoii xapaKTepHUCTUKONM MOJIEKYJIbI SIBISIETCS €€ CPOACTBO
K 371eKTpoHy E,. OHO ompenensieTcsl KaK KOJIMYEeCTBO SHEPTUM,
KOTOpOE BBIAEISIETCSI MPU MPUCOEAMHEHUN 2JIEKTPOHA K HEM-
TpaJbHOW MOJIEKyJie, MPUBOASIIEM K 0Opa3oBaHUIO OTpUlia-
TEJIbHO 3apSIKEHHOTO MOJIEKYJISIPHOTO UOHA:

X+ e~ — X + sHeprus 3.2)
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OTpuiiaTenbHO 3apsKeHHBIE MOHBI X MOTYT ObITh MeTacTa-
OUIbHBIMU (HEyCTOMYMBBIMU). B TakoMm ciayyae cpomcTBo K
9JIEKTPOHY E, SBJISIETCS OTPULIATEIBHON BEJIUYUHON, KOTOPYIO
9KCMEPUMEHTAIBHO OMPEIESIOT KaK KOJTUYECTBO S9HEPIUH, BbI-
JeJISIIOLIEeCsT IPU pacriafie OTPUILIATENIbHO 3apsSKEHHOTO MoJie-
KyJsIpHOTO MoHa. JIJis aToMa BOAOPOJA CPOJACTBO K JIEKTPOHY
nonoxutenbHo: E, = 72,8 k/I>/Momnb. [1pu oOpazoBaHnu aHu-
oH-panukaia H, a1eKTpoH MOKeH MPUCOENUHUTHCS Ha pas-
pepurstiontyto MO. Bo3HukaroIuii aHMOH-paauKal MeTacTabu-
JeH. OH CcaMONpPOM3BOJBHO pacmafaeTcsi C BblAEJEHUEM
77,3 xJIx/monb (18,5 kkan/mMomb wiu 0,78 3B).

3.3. MonekynapHbIi noH H;

IIpocTeiimeit TpexaTOMHON MOJIEKY-
noit snsiercss uon Hj. Ero moxHo pac-
CMaTpHUBaTh KakK IPOTOHUPOBAHHYIO MOJIE-
KyJly Bogopo/a.

Or1a YacTuua ABnAeTCA, no BCEM BMAUMOCTH, CaMbIM

PacnpoCTpaHeHHbIM MOIOXUTENbHBIM MOHOM BO BceneH-
Ho. OHa UrpaeT UCKIIOUNUTENTBHO BaXKHYHO POJib B KOCMO-
xumun. OCHOBHOM MyTb O6pa3oBaHMA — B3aUMOZENCTBIE MOMEKY bl BOAOPOAA C MO-
NexynspHbIM oHoM H3, koTopeili, B cBolo O4epess, o6pasyeTca My MOHM3ALMK MO-
neKysbl BOAOPOAA MOA AeHCTBUEM KOCMUYECKMX Jyyeit:

H,+hv—Hj + e
Hy + H,—Hj{+ H 3.3)

HOCI[CZ[HSIH peaKklyd O4CHb BaXHa 1 MHTCPCCHA. HpOCTCﬁ—
Ui KaTuoH-pagukan H3 okasbiBaeTcss ouyeHb HeCTaOWIIbHOI
BBLICOKO peaKHI/IOHHOCHOCO6HOI7I yactuueit. OH BeleT cedsl Kak
CUJIbHast 6pCHCTeﬂOBCKaH Kucjiota. B KauecTBe ocHOBaHUS B
9TOM cJIydae BBICTYMNAeT HeiTpaabHas MoJIeKyja BOIOpOIa.

Me1 BcTpeTUMCA € NOAOGHBIMU peaKLMAMU B OPraHU4ECKON XMMUM HEOAHOKPATHO.
B 4acTHOCTW, COBEpLUEHHO aHaNoTM4HO BeAeT cebs KaTMoH-paaukan Metaa (CH3Y).
OH nepepaer cBoit MPOTOH MoseKynie MeTaHa ¢ 06pasoBaHMEM KMETOHMEBOrO» MOHa

+ o
CHg. CrpoeHuio 1 yavBUTeNbHBIM CBOMCTBAM TaKUX «aJIKOHWUEBbIX» UOHOB Mbl B CBOE
BpeMsA yAenmM ocoboe BHUMaHKE.
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Puc. 3.5. MonexymsipHble opOUTaTU JTMHEITHO-
ro MOHa H}r. 3HaKu BOJIHOBBIX (DYHKIIMI 000-
3HAYEHBI CBETJIBIM U TEMHBIM TOHAMMU

PaccmoTpuM BO3MOXKHBIE CTPYK-

°+ ' 26 Typel H3 ¢ Touku 3pennsa metona MO.
O4YeBUAHO, YTO TaKUX CTPYKTYpPbI

JBe — JIMHelHas u TpeyrojbHas. [1o-
crpoeHrie MO 1 TMHEWHOM CTPYyK-
Typel A— B—C He BBI3BIBacT TPYI-

HocTeil. I3 Tpex AO aToMOB BOIOPO-
na oopasytorcst Tpu MO:

10=(A) +2"2¢,(B) + ¢,(C)
20 = ¢1,(A) — $1,(C) (3.4)
30 =1(A) —2°¢(B) + $,(C)

Ot MO umeroT BUI, Kak rMokKa3aHo Ha puc. 3.5.

Camylto Hu3Ky1o sHepruto umeet 10-MO, y KOTOpoii HET y3-
JIOB. DTa ceasviéarowaa MO 1 OyneT 3aHSITa apoii 3J1€KTPOHOB.
Opb6utanb 20 UMEET OOHY Y3JIOBYIO IIOCKOCTH, IPOXOMSIIYIO
yepe3 aToM B. Ee sHeprust paBHa sHeprusiM 1s-AO, ydyacTBy1o-
X B ee obpasoBaHuu. 1o cyiiecTBy, MosIBJIEHUE 3JEKTpOHA
Ha Hell Wi u3BiiedeHue 3jekTpoHa ¢ MO Takoro Turma He MEeHSI-
€T 2JICKTPOHHOI SHEPTUU CUCTEMBI. DTO HOBBII THITI MO — He-
cesazvisarowas MO. HakoHell, caMylo BBICOKYIO 9HEPIUIO UMEET
30-MO c nByms y3i1amu. D10 paspsixaatouas MO.

Bun tpex MO st cTpykTypbl moHa H B Bume paBHOCTOPOH-
HETO TPEyrojbHMKA ITOKa3aH Ha puc. 3.6.

lo=¢(A) + i (B) + d,(C)
$1,(A) — $1(C) (3.5)
$1(A) —2¢,(B) + $,,(C)
BHOBB caMoOi1 HU3KOM 110 SHEPTUM SIBJISICTCS CUMMETPUIHAS
opOUTaIb @, He UMEIOIAas y3710B. A BOT OTHOCUTEIBHO SHEPTUA

IBYX Apyrux MO Mbl HUYETro CKa3aTh He MOXeM 0€3 IMPOBEACHMS
pacuetoB. Ilepexon OT JNMHEHHON CTPYKTYphI K TPEYroJIbHOM
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Puc. 3.6. MosekynsipHble OpOUTaIN TPEYrOJIbHO-
ro H; 3HaKM BOJHOBBIX (DYHKIIMI 0003HAYEHBI
CBETJILIM ¥ TEMHBIM TOHAMU

MOXHO OCYILIECTBUTb, Cru0asl JMHEeNHbIN
noH Hj y atoma B. JImarpamma usmeHe-
HUS TIOJTHOW SHEPTUU CUCTEMBI B 3aBUCH-
MOCTH OT BEeJIMYUHBI yIiia m3ruba ¢ (180°
JUTsSl JIMHEHOM CTPYKTYpbl U 60° — mist
TpeyroabHOI) moka3aHa Ha puc. 3.7. Mbl
BUAUM, 4YTO CTUOAHME MOJIEKYJbI TPUBO-
JIUT K TIOCTENEHHOMY TMOHMWXXEHUIO 3HEP-
run cBs3biBaolieit MO u cOMMXEHUIO
SHEPTUil CBSI3bIBAIOIIE M HECBS3bIBAIO-
meit MO, Kotopble MNpU AOCTUKEHUU

CTPYKTYPBI PaBHOCTOPOHHETO TPEYrOJbHUKA BBIPABHUBAIOTCS.
TTockonbKy 2JIeKTpOHHAs Mapa 3aHUMaeT CBs3biBawolLyio MO,

TpeyrojbHast cTpykTypa H} okaspiBaercs
0oJiee BBITOJHOM, YeM JIMHEeHasI.

TEPMOIMHAMUNYECCKUN

aj

e \
———— '
E
lo
180° ¢ 60°
—a—p

b

Puc. 3.7. [luarpamma u3MeHeHUs MOJTHON SHEPTUM MOHA ng B 3aBUCUMOCTH OT

BEJIMYMHBI yIjia u3ruda ¢
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[lnarpaMMbl USMEHEHWS SHEPTUM CUCTEMbI MPU UCKAKEHUSX FEOMETPUM BECbMA Ya-
CTO WCMOJb3YIOTCA MPU UCCNE0BAHUM MOJIEKYTIAPHBIX CUCTEM, B TOM YUCIE AN Opra-
HUYeckux Monekyn. OHM Mosy MM HasBaHue AvarpamMM YOsILIa MO MMEHW aHrIMACKOro
xumuka (A.D. Walsh), kotopsitt Been ux B ynotpebnenne. C HuMu Mbi Byzem BcTpe-
4aTbCA B HaLLEM Kypce HEeCKOJbKO pas.

HMtak, 4Tto e MBI BBISICHUIM TIpu ucchaegoBaHuu MO
noHa H}? Bo-mepBbIX, B 3TOIi cUCTeMe MBI BIIEPBBIC BCTPETH-
JINCH C HOBBIM TUIIOM XUMUYECKOM CBSI3U — C 0€A0KaAAU308AHHOL
mpexuyenmpogoil  dgyxiaexmponunoi 3c,2e-ceéasvto. Bo-BTOpBHIX,
Mbl BBISICHWIM, YTO B TAKMX CHUCTEMax, KpOME CBSI3bIBAIOLICH 1
paspeixisioneit MO, obpasyetcs recéasviearowasa MO, Ha Ko-
TOPOI MOXHO Pa3MECTUTD JAOIOTHUTEIBHO OAMH WIM [IBa DJIeK-
TpoHa 0e3 CYIIeCTBEHHOTO M3MEHEHMST SHEPTUM cucTeMbl. He-
ceazvtearowjue MO UTpaloT OueHb BaXKHYIO POJIb B XUMHUKM MHOTMX
OpraHU4YeCKUX MOHOB U MOJIEKYI.

KonmponbHoe 3adaHue: Mocrtponte guarpammy MO ana
runoreTuveckomn monekynol H,.

3.4. OpTo- 1 napasogopos

Enie ogHO BaxkKHOE CBOMCTBO MOJIEKYJIbI BOOOPOIA CBSI3aHO C
TEM, UTO BXOJASIINE B €€ COCTAaB MPOTOHBI UMEIOT COOCTBEHHBII
MarHUTHBI MOMEHT (CIuH). SmepHBId CIMH NpPOTOHa pa-
BeH 1/2. B cB3M ¢ 3TUM MOTYT CYIIECTBOBATh ABa CIIMHOBBIX
M30Mepa BOAOpPOIA — HaApasodopod C CYMMAPHBIM SIAEPHBIM
cniHoM 0 (simepHbIe CIIMHBI aHTUTIAPAJICSIBHBI) U 0pmo8oodopoo
C CYMMapHBIM SIIEPHBIM CITMHOM 1, YTO MPUBOIUT K CYIIIECTBO-
BaHUIO TPEX BBIPOXKIEHHBIX COCTOSIHUI C MTPOSKLIUSIMU CyMMap-
HOTO SIIEPHOTO CIIMHA Ha IPOM3BOJIbHOE HampasieHue M; = 1,
0, —1 (puc. 3.8). Ilapaeodopod ne daem cuenasa AMP. Bpama-
TEJIbHBIC SHEPTUH CITMHOBBIX U30MEPOB HECKOJIBKO PasInyaroT-
ca. Ilpy HU3KMX TeMIiepaTypax opmo-u30Mep MepexXoanT B Tep-
MOAMHAMMUYECKU 0oJiee YCTOMUYMBDIN napa-u3omep. Ho aToT me-
pexon (CIMHOBas MHTEPKOHBEPCHUsSI) IPOMCXOOUT MEIJIEHHO.
[pu TeMrieparypax, OJIM3KUX K KOMHATHOM, BOTOPOJ COAEPKUT
75% opmo-uzomepa u 25% napa-uzomepa.
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OpTtoBonopon IMapaBomopon

Puc. 3.8. OpueHTtauuu siepHBIX CITMHOB B CITMHOBBIX M30Mepax BOIOpOIa

B kypce AMP BbI nosHakoMuTech ¢ 3dpdpekTaMn CNMMHOBOM NONApU3aLMM AZEP, KO-
TOpble UCNONb3YIOTCA MPU UCCNIEZJOBAHMM MEXAHU3MOB XMMUYECKUX PeakLyii, NpoTeka-
FOLLMX C y4acTheM NapaBofoposa.

3.5. [1syxaTtoMHble roMoAAepHbIe MONEKy bl

ITpu 0OpazoBaHNM IBYXaTOMHBIX TOMOSIIEPHBIX MOJIEKYJT U3 BJ1e-
MEHTOB 2-TO Tlepuofa B CBSI3bIBAHUM MPUHMMAIOT yJacTHE Ba-
JeHTHbIe 25- 1 2p-AO. MO Bo3HUKaIOT 1pu niepekpbiBaHun AO,
MMEIOLIMX OJMHAKOBYIO CUMMETPHIO OTHOCUTEIbHO JUHUU CBSI-
3W, YTO IIPUBOIUT K BOSHUKHOBEHUIO CBSI3BIBAIOIINX W PA3PBIXIIS-
omux 0-MO u n1-MO. 0-MO Bcerga UMEIOT HWIMHIPUYECKYIO
CUMMETPUIO BAOJb OcU CBsI3U. CBs3biBatomye 0-MO He nMeroT
Y3JI0BBIX TIJIOCKOCTEH, MPOXONSIIMX Yepe3 OChb CBsI3M (puc. 3.9).

Paspoixisiomas 0-MO uMeeT y3JI0BYIO TIJIOCKOCTb, IEPIIeH-
JIKYJISIPHYIO K CBSI3U M TIPOXOISIIIYIO Uepe3 ee cepeanHy. Mbl
yKe BUIEIU 3TO B cllyyae riepekpbiBaHus AByX 1s-AO mpu obpa-
3oBaHuM 0*-MO B MoJjieKyse Bojopona. Takas ke cuTyalust
BO3HHMKaeT TpU TMepeKpbiBaHUM IBYX 2p-AO B mpoTuBodase
(puc. 3.10)

CasasbiBaroiive m1-MO uMeIOT OIHY Y3JIOBYIO IUIOCKOCTb, B
KOTOPO# JIEXUT OCh CcBsA3U. Takue MO MoTyT 00pa3oBbIBATHCS
pu OOKOBOM MepeKpbiBaHUM ABYX p-AQ, onHoil p-AO u ¢ d-AO
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Puc. 3.9. Cas3biBatonine Puc. 3.10. TlepekpbiBaHME IBYX
0-MO u3 25s-A0 u 2p-AO 2p-AO B nnpoTrBoOdase

Puc. 3.11. bokoBoe nepekpbiBanue aByx p-AO, p-AO u d-AO coOOTBETCTBYIOILEH
CUMMETPHUU MPUBOAUT K 0Opa3oBanuio 1-MO

COOTBETCTBYIOIIeH cumMmeTpun (puc. 3.11), a Takke nByx d-AQO,
Kak MBI 3TO YBUIWM TIpW W3YYEHUU COEAMHEHUIl 3JIeMEHTOB
3-ro u 60Jsiee BHICOKMX TIEPUOIOB.

B paspexisiomux n-MO (7t%-MO) nosiBiasieTcst ele omHa
y3J10BasI INIOCKOCTD, MEPIECHANKYJIIpHAS K TUHUM CBSI3U U TIPO-
XoIsIIIas uepe3 ee cepenuny (puc. 3.12).

Murerpanel nepekpsiBanus S,z 2p-AO yriepona npu oopa-
30BaHuU 0-MO (oceBoe mepekpbiBaHue) U t-MO (6oKoBoe me-
PeKpbIBaHNUE) CYIIECTBEHHO Pa3anyaloTcs. 3aBUCUMOCTD S p OT
MEXDbSIIEPHOTO pacCTOSTHUS MoKa3aHa Ha puc. 3.13. Ha paccro-
STHUSX, XapaKTePHBIX UIST YIJIEPOA-YIJIEpOXHBIX cBs3eit (1,3—

Puc. 3.12. B paspeixisiionux 1-MO (1¥-MO) nosiBisieTcs y3/10Basi IJI0CKOCTb,
MEPIEHANKYJISIPHASI K IMHUY CBSI3U U MPOXOSIILAs Yepes ee CeperuHy
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Puc. 3.13. 3aBucumocTb MHTErpaaoB nepekpoiBanusd Syp 2p-AO yriaepona npu
ob6pazoBanuu 0-MO (oceBoe niepekpbiBaHue) u 1-MO (GokoBoe re-
pekpbiBaHue)S 4 OT MeXbsiAepHOTo paccTosiHust C— C

1,6A), oceBoe mepekpbiBaHue Gosee IhdHEKTUBHO. DHeEprusi
CBSI3U PaCTeT MPUMEPHO MPOMOPLUUOHAIBHO S5, U 3TO pas3iu-
yie B MHTETpaiaX MePeKPBIBAaHUS SIBJISIETCS OTHON M3 TIPUYNH
TOTO, YTO JT-CBSI3b cllabee O-CBSI3MU.

B coenuHeHusIX 31eMeHTOB 3-TO0 U 00Jiee BHICOKUX TIEPUO-
JIOB, KaK BBI YK€ 3HaeTe U3 Kypca HeOPTaHMIECKON XMMUM, Cy-
IIECTBYIOT TaKKe CBSA3M O-THIIA, KOTOPEIE 00pa3yloTcs IIPH TIe-
pekpbiBanuu AByX d-AQO. CBa3biBaroniasg MO Takoii CBSI3U UMe-
€T JBe B3aMMHO MEPICHIUKY/ISIPHBIE Y3JIOBbIE ILIOCKOCTH,
TIPOXOISIINE Yepe3 TUHUIO CBSI3H:

nim

Takan 8-cBAizb MeX/y ABYMsA aTOMaMU PEHUA CyLLECTBYET, HanpuMep, B GuaaepHOM
AnaH1oHe [R62C|8]2_, rAe aTOMbl PEHWsA CBA3aHbI YemeepHoOU C6:A3blo.
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Puc. 3.14. OproroHajibHble OpOUTATIU

B3anmoneiicTBre aTOMHBIX OpOUTaNlell pa3HON CUMMETPUUN
He TIPUBOIUT K CBA3BIBaHUIO 1 0Opa3oBanuio MO. Ha puc. 3.14
TMOKAa3aHO YeThipe npumepa. MHTerpanbl nepekpbIBaHUS OpOU-
Tajeit pazHoii cumMmerpuu paBHbl 0. Takue opoumanu nasviea-
10mcs 0pmo2oHAAbHLIMU.

Kaxnplit 13 aTOMOB 2-TO TIepuoaa Ipu 00pa3oBaHUM JAByXa-
TOMHOI MOJIEKYJIBI MIPEIOCTABIISIET B OOLIEE MOJb30BAHUE OIHY
2s-AO u Tpu 2p-AQO, 4TO MPUBOIUT K 0Opa3oBaHUO BocbMu MO.
O6pasytotcs yeTtbipe 0-MO: 6; = (25, + 25,); 6, = (25, — 25,);
03 = (2p, + 25y) 1 04 = (2p,, — 25,,); a Takke 4m-MO 3a cuer
MEPEKPBIBAHMUSA 2p, ¥ 2p, OPOUTAIIE.

Mo cMMMeTpum 3aech Takke BO3MOXKHO CBA3bIBatOLLIEE B3auMoelicTere 25 + 2p,,
HO pasninume B 3Hepruax mexagy 2s-AO un 2p-AO Benuko, a NO3TOMy Takoe B3amMMO-

feiicTBne NpuBOAUT K 3ddekTaM BTOpPOro nopsazka, KOTopble Masibl, U Mbl 34eCb UMM
npeHebperaeM, XOTA 3TO U ABHOE YMPOLLEHNE.

Bzaumnoe pacronoxenne MO Ha HepreTUYecKoi auarpam-
Me TIpU ABVDKEHUU OT JIUTUST 0 (PTOPA 3aBUCUT OT TOTO, KaK MEHSI-
€TCsl PHepreTuyeckas menb Mexumy 2s- u 2p-AO. B psaay ot iutus
10 ropa 3Ta 1IENb PacTeT, U B COOTBETCTBUY C 3TUM MOCTEIIEHHO
TIOHMKAETCSI OTHOCUTENIbHASI SHEPTUSI O03-OpOUTATM, KOTOpAst Ist
kucyopona u dropa meHsiercst Mmectamu ¢ 7,-AO (puc. 3.15).

3anosHeHrue MO 37eKTpoHaMU OCYLIECTBISIETCS MOCIENO0-
BaTeJIbHO C POCTOM UX SHEPTMU B COOTBETCTBUU C MPUHLIMIIOM
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dmn | 2o 142
Sueprua coman,| 110 Ls 272 602 | 941 493 138
Puc. 3.15. IluarpaMma M3MeHEHUsI OPOUTAILHBIX SHEPTUM, [UTMHBI U SHEPTUU

CBA3H OBYXAaTOMHBIX MOJIEKYJI, ITIOCTPOCHHBLIX M3 aTOMOB II€pUoaa 11
OoT L12 pife) F2

Tlaynu n npaBunom XyHaa. JIByxaTOMHBIE MOJIEKYJIBI LIEI0Y-
HBIX METaJUIOB CYLIECTBYIOT B ra3oBoil (paze. B obpazoBaHuu
CBSI3M B HUX NMPUHUMAIOT ydacTue aBe ns-AQ, TIpu IepeKkphiBa-
HUM KOTOPBIX 00pa3yloTcst cBI3biBaoas o-MO 1 pa3pbIXisio-
mass o*-MO. Ilapa »JIeKTpOHOB 3aHMMAET CBSI3HIBAIOIIYIO
0-MO, a 0*-MO ocraetcst cBoOOnHOI. DHeprus (2¢,2¢e)-0-CBsi-
31 B 3TUX MOJIEKYyJIaX 3aKOHOMEPHO I1afaeT IpU JIBMKECHUU
BHU3 II0 TPYyIIIe 10 MEPEe POCTa MEXbSACPHOTO PACCTOSHUS
(tabm. 3.1).

B monexyne Be, nBa 106aBOYHBIX 3J€KTPOHA JOJIKHbBI ObLIA
ObI pa3MecTUThCsI Ha paspbixisiolneit 0*-MO. Takast MoJiekya
HecTaOMIbHA, OHA pacragaeTcs Ha aToMmbl. [Ipu oOpazoBaHUM
MOJIeKYIbl B, B CBA3BIBAHUM yYACTBYIOT 25- U 2p-3JICKTPOHBI.
IBe ayIeKTpoHHBIE Taphl 3aHUMaT 0-MO u 0*-MO, a ocraB-
mecst 1Ba 3JIEKTPOHA pa3MeIaloTCsT Ha ABaXKIbI BBIPOKIEHHOM
7m;-MO. [1oaTOMy B COOTBETCTBUU C MpaBUIOM XyHIa OHU 3a-
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C

Ta6muma 3.1. DHepruu CBSI3M U MEXBSAEPHBIE PACCTOSTHUSI B TOMO-
SIIEPHBIX IByXaTOMHBIX MOJICKYJIaX 3JIEMEHTOB TPYIIIIbI [

Monel(yna Hz Liz Naz Kz sz CSZ
MexbsaepHoe 0,75 | 2,67 | 3,08 | 3,92 | 4,10 | 4,30
paccrosame, A

KosasenThblii pamuyc, A 0,37 | 1,335 | 1,54 | 1,96 | 2,05 | 2,15
DHeprus pa3pbiBa CBs3M, 436 102 73 57 49 42
KJ[2K/MOJIb

HUMAIOT pa3Hble OpOUTAIM C NapauieJbHbIMU ClIMHaMu. B ra-
30BOI1 (Da3e TaKast MOJIEKyJIa YCTOMYMBA U TapaMarHUTHA.

B monekyne C, Ha cBsI3bIBalolIeil OBaXKAbl BBIPOXKIECHHOM
7m,-MO pa3meImamnTcs yXKe IBe 3JIeKTPOHHBIC aphl. MolleKyia
NraMarHuWTHa U yctoitunBa. HakoHell, B camoil cTabuJIbHOI MO-
JIEKyJIe a30Ta OKAa3bIBAIOTCS 3aHSITHIMU 3JICKTPOHHBIMM TTapamMu
Bce cBasbiBatoie MO. Ilpu niepexone K MoJjieKyje Kucaopoaa
MOOABISTIONIMECS TBa 3JCKTPOHA BBEIHYXKICHBI pa3MeIIaThCs Ha
JBaXXIbl BIPOXIEHHOI pa3pbixisiolieit 7,-MO. DHeprus cBs-
31 T1ajacT, MOJIEKyJIa ITapaMarHuTHa. [Ipu mepexome K (Topy
ele ABa 3JEKTPOHa TOSBISIOTCS Ha paspbixisonieit m,-MO,
YTO e11e OOJIBIIIe CHIDKACT SHEPTUIO CBS3M.

BaxHoii xapakTepuCcTUKOM CBSI3U B MOJIEKYJaX SIBJISIETCS ee
nopsinok. Ilopsidok césa3u BEIYUCIISICTCST KaK ITOJIOBUHA Pa3HOCTHU
yyciia 9JIEKTPOHOB Ha CBsi3biBatolux MO U yucia 3JeKTPOHOB
Ha paspextomux MO. B cooTBeTCTBUM ¢ 3TUM B MOJIEKYJIaxX
B, u F, cBs13u siBiisitoTcst onHapHbIMU, B MoJiekyiaax C,u O, —
IBOWMHBIMM, a B MoJlekyie N, peanu3yeTcs TpOWHas CBSI3b
N=N. {cHo npocaexuBaercsl o011ast 3aKOHOMEPHOCTb: HPOU-
HOCHb XUMUYECKOI C8A3U, NPU NPOHUX PAGHBIX YCAOBUAX, PACHIEN! C
yeeauuenuem ee nopsoka.

J7s1 OTpbIBa 3JIEKTPOHA OT MOJIEKYJIbI (MOHU3ALINST) TpeOyeT-
csl 3HAYMTEIbHAsI 9HEPrusl, paBHasi aHepruu Toit MO, ¢ KoTopoii
yoajsercs 3;1eKTpoH. [1pu 3ToM 06pa3yroTCs TTOIOXUTEIBHO 3a-
psIKeHHbIe MOHBI. Jlerye Bcero ero ynaauTh C BbICIIEH 3aHSITOM
MoJiekyisipHo#t opoutam (B3MO, HOMO, highest occupied
molecular orbitals). DTy HaMMEHBIIYIO SHEPTUIO HA3bIBAIOT MO-
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TEHIIAJIOM MOHM3AIINHN MOJICKYIIbI. DIIEKTPOHHOE CPOJICTBO MO-
JIEKYJIbl OTIpEAeIsieTCsl SHeprueit HUXKHEe BaKaHTHOM opOUTaIu
(HBMO, LUMO, lowest unoccupied molecular orbitals). Dtu
OpOMTAIIN UTPAIOT UCKITFOUUTEIFHO BaXKHYIO POJIb B XMMUM MO-
JIEKYJI 1 MOJIEKYJISIpPHBIX cucTeM. OHU Ha3bIBAIOTCST 2PAHUMHBIMU
opoumaasamu.

[MoTeH1Mabl FOHU3ALY MOJIEKYJT OTIPEIEIISIOT C TIOMOIIIBIO
dotoanekTpoHHoit crnekTpockormuu (PDC). Haneroch, uTO
OOJIBIIMHCTBO MOMUX CJIyIIATeIel yKe 3HAKOMBI C 3TUM METO-
oM. KopoTko BCITOMHUM, KaK 3TO JIeJIaeTcsl.

Meton ocHoBaH Ha ¢oTtoaddekre. [1pu obaydyeHUM Belie-
CTBa MOHOXPOMATHYECKUM HM3ITydeHHEeM (DOTOHBI BHIOMBAIOT U3
Hero (hOTORJEKTPOHbI, MpUYeM 3Heprust GoToHa /v (Vv — JacToTa
u3IydeHus, i — rocrosiHHas [lranka) 3a BEIYETOM SHEPIUU CBSI-
3u E, onexTpoHa nepenaercs GOoTOIEKTPOHY U MOXKET OBITh 13-
MepeHa KaK ero KMHeTu4IecKasi 3Heprusi £, ,,, C TOMOIIIbIO CTIeI1-
aJIbHOTO 3JIEKTPOCTATUYECKOro aHanu3aTopa (puc. 3.16). 3Has
E, i, TIETKO paccunTaTh 9HEPTUIO CBSI3U JIEKTPOHA B MOJIEKYJIE,
T. €. M3MEPSITh IMOTEHIIUAJbl MOHU3ALMU MOJIEKYJ, KOTOpHIE

paBHBI SHepruaM 3aHATEIX MO B Monekyne E, = I

E,=hv—E,,. (3.6)

AHanm3arop
SHEPruun

M CTOYHUK PEHTIEHOBCKOTO
VI YJIBTPadHOoIeTOBOTO

M3ITyYEeHHUsT \ (HOTO1IEKTPOHOB
|
4 X i
— #
hv ,"’ e /
O6pazey;, CBepXBbICOKMI
; ;4 5 y BaKyyM
/S @

X

Puc. 3.16. CxeMa (hOTO31eKTPOHHOTO (PEHTIEHO3JIEKTPOHHOT0) IKCTIIEpUMEHTa
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1

18,75
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| 15,57
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1 [ | A L 1 1 L 1 1
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3B

Puc. 3.17. DOTOR/IEKTPOHHBII CTHIEKTP MOJIEKYJISIPHOTO a30Ta, TMOJYYeHHBIN C
ucnoib3oBaHueM uctouHmka He(I)

JIJ1st ManbIX MOJIEKYJI U3MEPEHMSI IPOBOASAT B ra30Boii (hase, a
B Ka4eCTBE UCTOYHUKA (DOTOHOB MCIIOIH3YIOTCS Ta30pa3psiTHbIe
renueBble Jamibl ABYX TUMoB: He(I) ¢ sHeprueii potona 21,2 3B
u He(Il) ¢ sneprueit ¢porona 40,8 3B. B kauectBe mpumepa Ha
puc. 3.17 mokaszaH (HOTONEKTPOHHBIN CTIIEKTP MOJEKYJISIPHOTO
a30Ta, MOJYYEHHBI! ¢ ucronab3oBaHueM uctounuka He(I).

C ocHoBaMu MeToda d)OTOBﬂeKTpOHHOVI CMEKTPOCKOMNUMN MOXHO MO3HaAKOMUTbLCA
Mo XOpoLLeMy TeKcTy y4ebHo-MeToanyeckoro nocobus B.M. BosHa n MN.C. OcbMyluko
((q)OTOBHGKTPOHHaﬂ CMEKTPOCKONUA N 3N1EKTPOHHaA CTPYKTypa OpraHM4YecKkux coeau-
Henuity (Bnagumeoctok, 2007). Bel nerko Haigete ero B MHTepHerte.

OOparrTe BHUMaHWe Ha TO, YTO 3HaueHus1 E, mo aduucce
yOBbIBAIOT cjieBa HarpaBo. [IMK ¢ HaMMEHBIIUM 3HAYEHHEM
15,57 3B coOTBETCTBYET OTPBIBY 2JEKTPOHA C BBICIIEN 3aHATONU
MoJiekyJsipHoit opoutanu (B3MO) o5 (cMm. auarpammy MO Ha
puc. 3.15). 3aTeM nosBIsAeTCA «TpedeHKa» U3 IMATU TTUKOB, ca-
MBI TIPaBBIA M3 KOTOPBIX JIEXKUT pu 16,69 5B. Bce onn coor-
BETCTBYIOT OTPBIBY 3JIEKTPOHA C IBaXKIbl BBIPOXIACHHON OpOU-
tanu 7. [ToueMy ux HeECKOJbKO? DTO «KoyiebaTeIbHasl CTPYKTY-
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pa». OHa 00ycJIOBJIeHA TeM, YTO OTPBIB JIEKTPOHA TIPOUCXOAUT
JUTST MOJIEKYJT, HAXOSIIUXCSI B Pa3HbIX KOJEeOATETbHBIX COCTOSI-
Husx. [1o paccTosTHUIO MeXITy MUKaMU MOXKHO OTpENeTUTh Ja-
CTOTY BaJIGHTHBIX KoJieOaHuit N =N B MOJICKy/IsIpHOM HOHe N3.

Kpaiinuii neBblit muk B ciektpe (18,75 2B) cooTBeTcTBYET OT-
pbIBY asiekTpoHa ¢ MO 0,. [1pu aTOM Bce Tpu nmoTeHIMana NOHU -
3aL1U SIBJISIIOTCS] HepEbLMU NOMEHUUAAAMU UOHU3AUUL , TIOCKOJIBKY
OHU CBSI3aHBI C OTPHIBOM OJTHOTO 3JIEKTPOHA OT MOJIEKYJTbI.

Iloauamomusie moaexyavt umerom HeCKOAbKO NepebiX NomeH-
UYUAA06 UOHU3AUUU, HUCAO KOMOPLIX paesno wucay 3anamolx MO.
Ecau 6 nayunom mexcme npueooumcs nomeHyual UoHU3AUUU Mo~
AEKYabL 6e3 0ONOAHUMEAbHBIX PA3bACHEHUI, MO MO NOMEHUUAN
UOHU3AUUU coomeemcmeyem ompbigy Iaekmpona ¢ B3MO.

DHepruu CBSI3bIBaHUS 3JIEKTPOHA Ha BHyTpeHHHX MO, 110-
cTpoeHHbIX U3 Is-AO, ropasno Bbimie. JIJisi MOJIEKY/abl a3oTa
sHepTHIo 3TNX MO MOXHO OIIPeNeIUTh, UCIIONB3YS B Ka4eCTBE
MCTOYHMKA U3TYYEHMST peHTIeHOBCKYIO TpyOKy. OHa cocTaBisieT
410 3B! OrpomHas sHepreTuyeckas I1iejib MeX1y BHYyTPEHHUMU
AO u BaneHTHBIMM AQO cpa3y IOKa3bIBaeT HaM, UTO CTeTeHb
CMEIMBAaHUs BaJIECHTHBIX OpOUTAJIeld ¢ BHYyTPEHHUMU HUYTOX-
HO Mayia. DTO CIIyKUT BECKUM OCHOBAaHHEM IUISI TOTO, YTOOBI
BKJIaJ BHYTPEHHUX 3JIECKTPOHOB (3JIEKTPOHOB OCTOBAa) HE y4H-
TEIBaTh. BapraHT (POTO3IEKTPOHHOI CIIEKTPOCKOITNY C UCIIOTh-
30BaHUEM PEHTICHOBCKOIO WM3JIyUYCeHUsI HA3bIBAIOT PeHMeeH03-
aexkmponnoii cnekmpockonueti (P9YC). Ee MMpoKo HCITOIB3YIOT
IUIST WCCemoBaHUSI TBepAbliXx Tel. Cxema SKCIepUMEHTa Ha
puc. 3.15 mokazaHa Kak pa3 [Uisl 3TOro cliyJast.

3.6. [lByxaToMHble reTeposzepHbie MONEKY bl

B o6pazoBanun MO reteposiiepHbIX IByXaTOMHBIX MOJIEKYJ U3
3JIEMEHTOB BTOPOTrO Meprofa MPUHUMAIOT ydyacTue BaJIeHTHbIE
2s- 1 2p-AQO pa3HBIX 3JIEMEHTOB, SHEPTMU KOTOPHIX Pa3INJYaoT-
cd (tabu. 3.2). B atom ciyuae Bun nuarpamMmmbl MO MeHsieTcs.
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Ta6muma 3.2. Duepruu AO 151 57IeMEeHTOB 1-TO 1 2-TO MEPUOIOB B €11~
Hunax xaptpu (1 xaptpu = 627,5095 KKaj/MoJb)

Li B C N (0 F Ne
1s (AO) | —0,5 | —2,4778 | —7,6953 | —11,3255 | —15,6289 | —20,6686 | —26,3829
25 (AO) —0,1963 | —0,4947 | —0,7056 | —0,9452 | —1,2443 | —1,5726
2p (AO) —0,3099 | —0,4333 | —0,5677 | —0,6319 | —0,7300

HuxHss o sHeprun MO B TakoM ciydae COAEPXKUT OO0JIb-
it Bkaag AO ¢ 6oJiee HU3KOM dHEprueid, a BEepXHsisi, COOTBET-
CTBeHHO, Oosbluuii Bkiaax AO c 0Oosiee BBICOKOW 3Hepruei
(puc. 3.18). B pesyavmame cmenenv cmewmueanus 0yx AO ymernn-
waemcs u yMeHbUlAeMCA GblUPblUL 8 IAeKMPOHHOU IHepeuu npu
nepexode napol 31eKkmponos Ha ceésazviearouiyto MO. Imo ymenn-
uwienue 00paAMHO NPONOPUUOHAALHO PA3HOCIMU 3HepeUll 63auUMo-
delicmeyrowux npu obpazoeanuu ceéazu AQ. PacnpeneneHue
3JIEKTPOHHOM MJIOTHOCTU B TAKON MOJIEKYJIE TepsieT CHMMETPUIO
OTHOCHUTEJILHO 1IeHTpa CBSI3U. MaKCUMyM 3JIEKTPOHHOM TIOT-
HOCTHM CMEIIAETCA B CTOPOHY «00JIE€ IEKTPOOTPULIATEILHOTO
atoMma». (K MOHSITHIO 3JIEKTPOOTPULIATETbLHOCTH Mbl BEPHEMCSI
HECKOJIbKO Mo3xke.) MoJjekyaa npuoopeTaeT TUIOJbHBIA MO-
MEHT.

Ho 310 He 3HauuT, 4TO yMEHbBIIIAETCS TTOTHAST SHEPTUST CBSI3U
B CHCTEeMe, MOCKOJIbKY BaXKHBIM BKJIal B Hee BHOCUT 3JIEKTPO-
cTaTU4ecKoe B3aMMoneicTBUe. B mpenenbHOM ciiydae, Koraa
Pa3HOCTD 3JIEKTPOOTPULIATEILHOCTE I aTOMOB CTAHOBUTCST OUYEHb

W=7\ — ¢'ghp, C'p? > ¢'p7

bp

A

W =cadp + cpdp, cp’ > cp?

Puc. 3.18. Bug MO nipu 06pazoBaHUM IreTepOsIEPHOIA IBYXaTOMHOM MOJIEKYJIbI
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Puc. 3.19. Iuarpamma MO mwisa monekysibl CO
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npocTras JIBOMHAs TpoiHas

Puc. 3.20. 3aBUCUMOCTb SHEPTHM CBSI3W OT TOPSIIKA CBSI3U UTS TBYXaTOMHBIX
MOJIEKYJI, COCTOSIIIMX M3 aTOMOB yIJepola, a3oTa M KHUCIOpOo.a.
DHEepruu CBsI3u NpuBeaeHbI B KIIXK/MOJIb
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oombmoit (CZ >> Cj), HuwxHsaga MO UeTUKOM TPUHAIIEXKUT
aToMy A. DJIeKTpOHHAasI TIapa MOJTHOCTBIO TIEPEXOAUT Ha 3Ty Op-
OouTaNb (TPOMCXOAUT TOJIHBIN TTepeHOC DJIEKTPOHA K aTOMy A) 1
o0pasyeTcs rapa MOHOB.

Ha puc. 3.19 nokazana guarpamma MO 1151 MOJIEKYJIBI MO-
Hookcuaa yriaepona CO. OTYeTIMBO BUIHO €€ CXOJACTBO C Tha-
rpamMmmoii MO MoJiekynbl a3oTa. 3aHSThl MapaMy 3JEKTPOHOB
Bce cBsasbiBatonue MO. [Topsimok cBsi3u paBeH 3, 4TO U 00BsIC-
HSIET UCKITIOYUTEIBHYIO TIPOYHOCTh 3TOM MOJIEKYJIbl. 3aMEeTHUM,
yto Kak B3MO, Taxk u HCMO B 3T0i1 MOJIeKyJie JOKaJIU30BaHbI
B OCHOBHOM Ha aTOMe yIJIepo/a.

Ha puc. 3.20 npuBeneHa nuarpamMmma, moka3biBarolasi 3aBu-
CHMOCTb DHEPTUU CBSI3W OT TOPSIIKA CBSI3W JUISI JIBYXaTOMHBIX
MOJIEKYJI, COCTOSIIIMX M3 aTOMOB YIJIepO/a, a30Ta M KUCIOPOa.
OTYETIMBO TIPOCTIEKUBACTCSI 3aKOHOMEPHOCTh — #eM Ooabuue
nopsA00K ceA3uU, memM OHA NPoHHee.

3.7. DneKTpOOTpPULIATESILHOCTL AaTOMOB
M aToMHbIX rpynn. [NonapHocTb ceAsei.
SddekTMBHbIE 3apAAbl HA aTOMaX

IIpencraBneHre 00 3JEKTPOOTPUIATEIBLHOCTH (CUMBOJI ) KaK O
CBOMCTBe aToMa WM (PYHKIIMOHAJIIBHOM TPYIIbl IMPUTITUBATh
9JIEKTPOHBI ObLIO BrepBble BBeaeHo JlaiiHycom I[lomuHrom B
1932 .

Mms Monunza o6pocno nezendamu. Bmecme ¢ A. Dunwmeirom, P. XKonuo-Kio-
pu, b. Paccenom u M. BopHom oH 6b1n1 uHuYuamopom (1955 2.) Mazyowckozo deurxe-
HUA y4eHbIX, KOMOpble NpU3BANU CO38aMb KOHGEPEHUUI NpomMue UCNnosIb308aHUA
A0epHol 3Hepauu 8 B0€HHbIX UenAx. MckmouyumensbHasa 0obpoxxenamenbHocmb U
8HUMAHUE K JI00AM CHUCKAIU eMy éceobluee yeaxKeHue U J1o60eb 8 Hay4HOM C006-
wecmee. Bom mekcm ezo monumesi:

«locnoau, Tbl 3Haellb fydlle, YTO A CTapelo U CKOPO CTaHy CTapuKoM. Yaepxu
MeHA OT aTasbHON MPUBbLIYKKA AyMaTb, YTO A JOJDKEH YTO-MBO cKasaTb Mo nobomy
nosoAdy v B no6oM cryyae. Ynacu MeHs OT CTPEMSIEHUA BbINPaBUTb [efla KaXKAoro.
Cpaenai MeHs AyMatoLLMM, HO HE HyZHbIM, NOJE3HbIM, HO HE BJIACTHbIM.

CoxpaHu Moit yM OT MoApOBHOro M3MOXKeHUA BecKOHeYHbIX AeTanei, Jai MHe
KpbUIbA fOCTUYb Lenn. Onevatan Mom rybbl Ha pedn o 6onesHax U HegoMoraHuax. OHu



3.7. DnekmpoompuyamensHOCMb AMoMO8 U AMOMHbIX 2PYNH.
Toasprocms ceazeil. Dgpgpexmuenvie 3apsaovl na amomax |

Monuur J1aitHyc Kapn
(28.02.1901—19.08.1994)

Pogunca B [MoptneHpge (CLUA). Yuunca
B OpEroHcKoM CesbCKOXO3ANCTBEHHOM KOJI-
nepxe u KanudopHruiickoM TexHonornue-
CKOM  WHCTUTYTe  (AOKTOpCKas  CTemeHb
B 1925 r.). 3ateM craxxupoBancsa B MioHxeH-
ckoM, KonerrarenckoM u Lltopuxckom ynu-
sepcutetax. C 1931 no 1969 rog — npodec-
cop KanudopHuiickoro TexHonorn4eckoro
uHctuTyTa B [MNacagune. C 1969 r. — npodec-
cop CreHdopackoro yHusepcuteta. OcHoB-
Hble PaboTbl MOCBALLEHbI TEOPUM XUMUYe-
CKO1 CBA3M U cTpoeHuto Monekyn. CosMecT-

Ho ¢ [Ix. Cneiitepom paspabotan MeTog

BaJIEHTHbIX CBA3EIA, CO3AaJ1 TEOPUIO PE30HaH-

ca. [MNpeanoxun wkany snekTpooTpulatenbHocTn atomoe. peackasan cyuectsosa-
HWe (PTOPUAOB KCEHOHA. 320U OCHOBbI CTPYKTYPHOrO aHannsa Genkos, paspabo-
Tasl NPeACTaBEHNA O CMMPANbHOM CTPOEHWM MOSMMENTUAHON LEMM U NPeaoRUI
Moaenb o-crvpanu. Orpeaennn MosieKynspHble MpUYMHBLI aHeMun Kpoeu. Bbisen
YPaBHEeHWe [/ BbIYUCIEHUA PaZuyCOB METASISIOB MPU U3MEHEHUN KOOPAUHALIMOHHOrO
yucna. MpesngeHt AMepukaHckoro xumMudeckoro obuiectsa (1949 r.). Ynen MHormx
aKaAeMuit 1 Hay4HbIX obLuecTs, B ToM uncne Poccuitckoin Akagemmum Hayk (c 1958 r.).
Hobenesckas npemus no xumuu (1954 r.). Hobenesckas npemus mupa (1962 r.).

BO3PAaCTatoT, U NOOOBL MOBTOPHO PaccCKasbiBaTb O HUX C FOJaMU CTAHOBUTCA CraLLe.
Al He cMeto NPOCUTL MUNOCTU He KHACAXAATLCAY» pacckasaMu O BonesHax Apyrux, HO
nomoru MHe, locnoay, CHoCUTbL UX TepnennBo.

[pu obLmpHOM 3anace Moelt MyApOCTU KaKeTcs OBMAHBIM He UCMonb3oBaTh ee
LiennKoM, Ho Tbl 3HaeLb, [ocnoau, 4To A XO4y COXPaHUTb XOTb HECKOMBLKO Apy3ei K
KOHLLY XU3HM.

Al He cMeto NpocuTb 06 ynyuLLEHUM NaMATU, HO NIWLLL O BO3PACTatOLLE Yenosey-
HOCTU 1 O MeHbLLIEH CaMOYBEPEHHOCTH, KOrAa KaXkeTcsa, 4TO MOA NaMATb CTOJIKHYach C
namateto Apyrux. [penopgait MHe GamMcTaTenbHbI YPOK TOrO, YTO U MHE CJlyHaeTcs
owmbatbes.

CoxpaHu MeHs pasyMHO MpUATHBIM. fl He XOuy CTaTb CBATbIM — HEKOTOPbIE U3 HUX
CIMLLKOM TPYAHbI ANA COBMECTHOM XM3HW, HO U KWUC/ble JIIOAM — OfHA U3 BEPLUMH
TBOPEHUA AbABOSA.

[ait MHe BO3MOXHOCTb BUAETb XOPOLLEe B HEOXKMAAHHOM MeCTe U HEOXKUIAHHbI
TanaHT B NtoAAX, U Aait MHe, o ocnoau, MMNocTb ckasaTb UM 06 3TOM. AMUHBY.

lMpo4yumae 3mo, xo4yemca HemHoO20 NnomMosl4amb U nodymams o ceoell
cobcmeeHHOU XU3HEeHHOU no3uuuu.
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[ToMHr 3aMeTHJI, YTO SHEPTUM CBSI3U B F€TEPOATOMHBIX MO-
Jnekynax A— B 0oJblile, yeM mosycymMMa dHEpruii cBsi3eil B TO-
MOATOMHBIX MoJieKyl1ax A—A u B— B, u npunucan 3to paznu-
yye BKJIAAY B3JIEKTPOCTAaTUYECKOTO B3aMMOIEHCTBUSI, KOTOpPOE
BO3HUKAET B MOJIEKYJIE, €CIIM paclpele/ieHue 3JIEKTPOHHO
IUIOTHOCTY HECMMMETPUYHO OTHOCHUTEJIbHO ILIEHTpa CBSI3H.
IIposiBieHNEM 3TOil AaCUMMETPUU SIBJISIETCS TTOSIBIICHUE Y MOJIe-
KyJIbl ITUITOJIBHOTO MOMEHTA. [IOJIMHT ITOCTPOWJI CBOIO IIKAJY
9JIEKTPOOTPULIATEIBHOCTEN 2JIEMEHTOB TAKUM 00pa3oM, YTOObI
BBITIOJIHSIJIOCH COOTHOIIeHue (3.7):

E,(AB) = + (XA — Xp) (3.7)

E,(AA) + E,(BB)
2
3necy E4AB), E(AA) u E,(BB) — sHepruu auccouranuu B
3JIEKTPOHBOJIbTAX ABYXaTOMHBIX Moyiekyn AB, A, u B, cootBer-
CTBEHHO, a s U X — DJIEKTPOOTPULIATEIBHOCTA aTOMOB A u B.
Ceituac yale ucrnoab3yloT MOIU(ULIMPOBAaHHOE BhIpaxkKeHe:

E,(AB) = JE,(AA)E;(BB) +1,3(xs — %)’ (3.8)

B xauecTBe peniepHOIT TOUKM (M3 MPUBEIACHHBIX BBIIIEC BbIpa-
JKEHUM CIeAyeT, UTO CMBICI UMEET JIUIIb Pa3HOCTb 3JEKTPOOT-
puLaTeIbHOCTE aTOMOB Ay, p) ObLIO BBIOpAHO 3HAYEHUE 3JIEK-
TPOOTPUIIATEILHOCTH ISl aTOMa BOJOPO/Ia, KOTOPOE OH MPUHSITT
paBHBIM 2,1. Ha puc. 3.21 npuBeneHa MeHnesleeBcKasl Tabma
3JIeKTpOoOTpHUlIaTeibHOCTeH o [TonuHry.

Ceiiuac B XMMHUM CYILIECTBYET M MCIIOJb3YETCS HECKOJBbKO
Pa3IMUHBIX IIKal 3JIeKTpooTpularelbHocTeil. Haubonee sic-
HBI GU3MUECKUI CMBICT MMeeT IIKaJja, mpeajioxeHHas P. Mai-
JnvkeHoM. OH TIPUHSUT 3JIEKTPOOTPULIATEIbBHOCTh aTOMa PaBHOM
MoJlycyMMe TepBOro moTeHLMaja WoHu3auuud I, U CpoACTBa
aToMa K dJIEKTPOHY F,5:

Xa= Upt Ep)/2 (3.9

Ota 1IKaja He TpeOyeT BBEAEHUS pellepHOi TOUYKM. 3Haye-
HUSI 3JIEKTpoOTpUIIaTebHOCTel 1Mo [TonuHry u mo MajuinkeHy



v v VI | VII | VIII | VIIT | VIIT | 1 m | oI | Iv v VI | VII | VIII
B B B B B B B B B A A A A A A
He
3 Na | Mg
0,99 | 1,31
4 K Ca | Sc Ti
0,82 | 1,00 | 1,36 | 1,54
5 Rb Sr Y Zr
0,82 (0,95 | 1,22 | 1,33
6 Cs | Ba * Hf
0,79 | 0,89 1,3
7 Fr | Ra Hk Rf [ Db | Sg | Bh | Hs | Mt | Ds | Rg [ Cn | Uut | Fl | Uup| Lv | Uus | Uuo
0,7 | 0,9
) P— * La | Ce | Pr [ Nd [Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
W 1,1 | L,12 [ 1,13 | 14| 1,13 (1,17 | 1,2 | 1,2 | 1,1 | 1,22 (1,23 [ 1,24 | 1,25 | 1,1 | 1,27
AKTHHOWIB! * 1 Ac | Th | Pa U | Np| Pu |Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
e 1,0 1,3 [ 1,5 [1,38 1,36 1,28 1,13)1,28 1,3 | 1,3 | 1,3 | 1,3 | 1,3 | 1,3 [1,291

Puc. 3.21. 3HauyeHUs 3JIEKTPOOTPULIATEILHOCTEM aTOMOB 110 TTorHTY

XDWOWID DH 190EdDE 219HINUNIPPE "NIEBID AUUIOHABVO |
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MOCTATOYHO XOPOIIO KOPPEIUPYIOT, YTO MOXHO BUIECThH, CPaB-
HUB JaHHble Tadauu 3.3 u 3.4.

B nByxaTOMHBIX TOMOSIAEPHBIX MOJIEKYJIaX CBSI3b MEXIY aTo-
MaMM HETOoJIsIpHA, TTOJTHOCTbIO Kosatenmua. boabIIMHCTBO KOBa-
JIEHTHBIX CBSI3¢M B reTepOATOMHBIX MOJIEKYJaX B CYIIECTBEHHOM
CTETNICHM TIOJISIPHBI, U TIOJSIPHOCTh (HECUMMETPHST pacIipenesie-
HUS 3apsiaa) TeM OOJIblIe, YeM OOJIbLIE PA3HOCTh JIEKTPOOTpULIa-
TeJILHOCTEI 00pa3yrolux ee aToMmoB. KonuyecTBeHHOM OLIEHKOM
MOJIIPHOCTH («MOHHOCTH») CBSI3U MOTYT CITY>KUTH 3(h(EeKTUBHBIE
(mapuuanbHbIe) 3apsiabl HA aToMax B MoJieKyne. DDdeKTUBHbII
3apsil aTOMa XapaKTepu3yeT Pa3HOCTh MEXIY YMCIOM 3JIEKTPO-
HOB, MpUHAIeXallUX JTaHHOMY aTOMY B XUMUYECKOM COEIMHE-
HUMU, U YUCJIOM DJIEKTPOHOB CBOOOAHOTO aToma. Eciu anekTpo-
HBI, 00pa3ylolIie CBSI3b MEXIy aTOMaMM, IIpUHAmIeXaT UM B
paBHOI cTereHu, 3 GhEeKTUBHBIE 3apsiibl paBHbI HY/I10. B noH-
HBIX COeMHEHUsIX d(h(HeKTUBHBIEC 3apsiibl COBMANAIOT C 3apsiaa-
MU MOHOB, a JIUTS BCeX APYTUX YACTUI] OHU UMEIOT IIPOMEXYTOU-
Hbl€ 3HAYEHUSI.

Jns 1ByXaTOMHBIX MOJIEKYJl OXapaKTepU30BaTh MOJISIPHOCTh
CBSI3U U ONpeAeanuTh 9(P(eKTUBHbIE 3apsiibl aTOMOB MOXXHO Ha
OCHOBE U3MEPEHUsI TUMOJbHOTO MOMEHTA:

w=gr, (3.10)

IIe ¢ — 3apsiji T0J10ca TUTIONS, PaBHBIN IS IByXaTOMHOW MO-
JEKYIBI 5(DMEKTUBHOMY 3apALy; ' — MEXbANEPHOE PACCTOAHUE.
B kypce opraHunyeckoil XumMuu TipenctabieHUsi 00 abdek-
TUBHBIX aTOMHBIX 3apsiax U MOJSIPHOCTSIX CBSA3EH MCTIOIb3YIOTCS
OYEeHb IMPOKO M TUIOAOTBOPHO MPU MHTEpHpeTalunu husnyde-
CKUX M XUMUYECKHMX CBOMCTB COCTMHEHUN Pa3TUYHBIX KJIACCOB.
Ho nipu 3TOM BCerma Hy>KHO MMETh B BUIY HECKOJIbKO BasKHBIX
0OCTOSITENTLCTB, HEYYET KOTOPHIX MOXET TMTPUBECTU K CEPbE3HBIM
ommokam. [10aToMy Ha HUX s1 OCTAHOBJTIOCH 0oJiee TTOAPOOHO.
Cpasy 3aMeTuM, UTO Ihghexmusnuiii (napuuaivrolii) 3apsa0 Ha
amome 6 Mo.aeKyie — BeTMuMHA HeHaOmonaeMasl. Pactipenerne-
HME 3JIEKTPOHHOM TUIOTHOCTU HEIMpPEepbIBHO B MPOCTPAHCTBE
M BbIJEJIeHWE TPAHMI] KaXI0TO U3 aTOMOB — MpOIleaypa HeoJ-



Ta6Jmua 3.3. OTHOCUTEIBHBIE QJIEKTOOTPULIATEIbHOCTHU HEKOTOPLIX 3JIEMECHTOB I10 HOJ’[I/IHl"y

| I I v \% VI VII VIII
1 H-—2,1 He
11 Li— 1,0 Be — 1,5 B—2,0 C—25 N—3,0 0—35 F—4,0 Ne
111 Na—0,9 Mg —1,2 Al—1,5 Si—1,8 P—2,1 S—25 Cl—3,0 Ar
v K—0,8 Ca—1,0 Sc— 1,3 Ti— 1,5 V—1,6 Cr—1,6 Mn—1,5 Fe — 1,8;
Co— 1,8;
Ni—1,8
Cu—1,9 Zn— 1,6 Ga—1,6 Ge — 1,8 As — 2,0 Se—2,4 Br—2,8 Kr
\Y% Rb —0,8 Sr—1,0
Taomuma 3.4. OTHOCUTEBHBIC 3JIEKTPOOTPULIATEILHOCTH HEKOTOPBIX 3JIEMEHTOB 10 MaJlTMKeHy
1 I I v \% VI VII VIII
I H—2,10 He
11 Li—0,97 Be — 1,47 B —2,01 C—2,50 N — 3,07 0 —3,50 F—4,10 Ne
111 Na — 1,01 Mg — 1,23 Al — 1,47 Si— 1,47 P—2,10 S —2,60 Cl—2,83 Ar
v K—0,91 Ca— 1,04 Sc — 1,20 Ti— 1,32 V—1,45 Cr— 1,56 Mn — 1,60 Fe — 1,64;
Co — 1,70;
Ni— 1,75
Cu—1,75 Zn — 1,66 Ga— 1,82 Ge — 2,02 As — 2,20 Se — 2,48 Br—2,74 Kr
Vv Rb — 0,89 Sr— 0,99

XDWOWID DH 190EdDE 219HINUNIPPE NIEBYI AUIOHABYO[ |
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C
Ho3HauHasg. Ha mpakTuke XMMHMKH JaIie BCEro ONepUpyroT 3Ha-
YEHUSIMU 3aPSIOB, PACCYMTAHHBIX C TIOMOIIIBIO OTHOTO U3 METO-
OB KBAaHTOBOI XuMuM. OMKcaHre 3TUX METOIOB M KOHKPETHBIX
pPaCUYETHBIX CXEM He BXOIUT B MOM 3a1auM. DTO MPeaAMET KBaHTO-
BOU XMMUU. 3[€Ch S OTPAHUYYCh JIUIIb TIEPEUNCIICHUEM CXEM,
KOTOpBIE CeiYac UCITOB3YIOTCS B OPraHNMYECKOM XUMUK HAanbo-
Jiee 4acTo, a TAKXKe YKaxXy Ha UX JOCTOMHCTBA U HEKOTOPbIE He-
JIOCTaTKMU.

B mmpoxo ucroiab3yeMoM MakeTe KBaHTOBO-XUMUYECKUX
nporpamMM Gaussian TIpUMEHSIETCSI cXeMa pacdeTra 3apsiioB,
npemioxeHHass P. MaimkeHoM. AHaiu3 3aceeHHOCTEeW Mo
MasinukeHy poBOAUTCSI Ha ocHOBaHUU BKJIanoB AO B MO Mo-
JIEKYJIbl, MaTpulia 3aCeJeHHOCTE CTPOMTCS MEePeMHOXEHUEM
3JIEMEHTOB MATPUIIbI TJIOTHOCTA M MaTPUIbI MEepeKpbIBaHUSI.
I[Ipu 3TOM 31EKTPOOTPUIIATEILHOCTA HE YYUTHIBAIOTCS. DTa
TIpOCTast MPOLeIypa UCIIOIb3YETCS 1 B OOIBITMHCTBE IPYTHX ITa-
KETOB MPOrpamMM TSI MOJIEKYJISIpHOTO MozaearpoBaHusi. OHa He
TpylOeMKa U JaeT 3HaYeHUs 3apsi0B, KOTOPbIE, KaK MOACKAa3bI-
BacT UHTYULIUS XUMUKY, «pa3yMHbBI» I10 3HAKy U BEJTUYMHAM.

['maBHBII HemOCTATOK MeToma — 3HAYCHMS 3apsimoB CUJIBLHO
3aBHCAT OT pa3Mepa U KadecTBa UCITOIb3yeMoro 0a3uca. Bo BTo-
poii KosoHKe Tabauiibl 3.5 mpuBeAeHbI 3 (MEKTUBHbBIE 3aPsIIbl TTO
MannukeHy Ha aTomax MoJiekyasl HF, BeluncieHHbIe ¢ pa3nny-
HBIMU 0a3ucamMu. BugHo, 4To B 3aBUCMMOCTHU OT THUIIa Oa3uca 3a-
psIIBI IO MallIMKeHy MOTYT pa3IndaThes B TPU U OoJiee pas3a a-
K€ JUISl 9TOM COBCEM TPOCTON MOJIeKYJbl. [ToaToMy MOXKHO HcC-
MOJIb30BaTh 3HAYEHMS 3apsiioB 1Mo MalTMKeHy MpU CpaBHEHUU
pPa3HbIX MOJIEKYJ TOJILKO B TOM CJIyvae, €CJIM OHM MOJYyYeHbI TPU
pacyeTax ¢ OOMMHAKOBBIMU OazmcaMu. CyIIECTBEHHO OOJbIICH
YCTOMYMBOCTBIO ITO OTHOIICHHIO K TUITY Oa3uca 00JIagaroT 3Have-
HUS 3apsI0B, PACCUUTAHHBIX MO CXEME C UCMOIb30BaHUEM HaTy-
panbHbIX (ecTecTBeHHbIX) opouTaneit (NBO analysis). OHa Tak-
K€ BCTpoeHa B NakeT Gaussian v IUPOKO UCIIOb3yeTcs. Meron
0oJiee TPYIOEMOK, M TMOJIyyaeMble B HEM 3apsiibl OOBIYHO He-
CKOJIBKO BBIIIIC, YeM BBIUMCIICHHBIC TT0 ApyTUM cxeMaM. [1oaTo-
My WX JIy4llle MCIMOJb30BaTh IJISI pAaCUETOB Pa3HOCTEN 3apsoB.




3.7. DnekmpoompuyamensHOCMb AMoMO8 U AMOMHbIX 2PYNH.
Tonspruocmy ceszeil. Dppexmusnvie 3apadvt Ha amomax IJ

MannukeH Po6ept CanpepcoH
(7.06.1896—31.10.1986)

Hobenesckan npemusa no xumum 1966 r. «3a
dyHOAMEeHTaNbHYIO PaBoTy MO XUMMYECKUM
CBA3AIM U 3MIEKTPOHHON CTPYKType MOJeKyn,
NPOBe/ZIEHHYIO C MOMOLLBIO METO/Ja MONeKy-
NAPHBIX opbuTaneii.

PoGept MannukeH — cospatens Metoga
MONeKynApHbIX opbuTanei, BblgaroLIMiicA
aMepUKaHCKuiA pusmko-xummk. Nommumo Ho-
Genesckoit npemun, OH Obin  HarpaxzaeH
AMEPUKaHCKMM  XWMUYECKUM  ObLLLeCTBOM
Meganbto [un6epra HebloToHa Jlbtonca

(1960 r.), mepansto Teogopa Yunbsma Pu-
vapgca (1960 r.), Harpagon Murepa [ebas
no dusmnyeckoit xummn (1963 r.) n mepansio Yunnapga M'66ca (1965 r.). On 6bin une-
HOM aMepMKaHckoi HauvoHaneHo akagemun Hayk (1936 r.), AMepukaHckoit accouma-
LM COLENCTBUA PasBUTUIO HaYKW U AMEPUKAHCKOM akaZieM N HayK 1 UCKYCCTB, a Takke
MHOCTPaHHbIM 4neHoM JToHAoHcKkoro koponesckoro obuectsa (1967 r.). Mannukeny
6b1nn NpUcy>xAeHbl noYeTHble ctenenn Konymbuitckoro, Mapkettckoro, KeMbpuax-
ckoro u CTOKrofleMCKOro YHUBEPCUTETOB.

B Tabnuiie 3.5 3HaueHUs 3apsiI0B, pACCUUTAHHBIE 9TUM METOAOM
Jutst MosteKyiiel HF, maHbl B 4eTBEpTOIi KOJIOHKE.

Ta6amna 3.5. 3HaueHus 3¢h¢GeKTUBHBIX 3apsiaoB B Mojiekyjie HF, Bbi-
YUCJIEHHbIE PA3IMYHBIMU METOJAMU U C Pa3HbIMU Oa3u-
camu (TTOJIOKUTENIbHBIN 3apsin Ha H paBeH oTpuuareib-
HoMy 3apsiny Ha F)

Ypos(e::;lz;qem ITo Manmkeny MOBII NBO
HF/STO-3G 0,19 0,28 0,23
HF/3-21G* 0,45 0,49 0,5
HF/6-31G* 0,52 0,45 0,56
HF/6-31G** 0,39 0,45 0,56
HF/6-311G* 0,32 0,46 0,54
HF/6-31+G** 0,57 0,48 0,58
HF/6-311++G** 0,3 0,47 0,55
MP2/6-31G** 0,52 0,45 0,56
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Cxema MannukeHa 6bUTa HECKOJIBKO yiydlleHa JIeBIUHbBIM,
HO 3TOT METOJ TaKXXe HEe YIUTHIBACT JICKTPOOTPUIIATSIHHOCTEHA.

ITpobnema nokanu3ayy aTOMOB B MOJIEKYJI€ UCKITIOUUTENb-
HO akTyajbHa. MHTepecHbIi, XOTsS U He OeCCIOPHBIN MOAX0I K
€€ pelleHMIO MPEeAIOXKEeH KaHaACKUM XUMUKoM Puuapnom beii-
nepoM. S yxe ynmoMuHaa o HeM B Jekuuu 1. JIas BblaeaeHust
MPOCTPAHCTBA, TIPUHAIICKAIIETO KaXXIOMY aTOMY B MOJIEKYJIE,
B 2JICKTPOHHON TIJIOTHOCTHM MaTeMaTUYECKU BBIACIISICTCS «I10-
BEPXHOCTb HYJIEBOT'O ITIOTOKa», Ha KOTOPOI UAEHTUMDUIIUPYIOTCS
«KPUTUYECKME TOUKU», YKA3bIBAIOIIME HA HATUUME XUMUUECKUX
cBs13eil. Takoe pasjesnieHre MpOCTPaHCTBA UMEET BIOJIHE SICHBIH
usmaeckuii cmbicn. OmHAKO MHOTHE TTOI0XeHUs Teopun beii-
Iepa elle He 0 KOHIIa pa3paboTaHbl, a BBIBOIBI 00 3JIEKTPOH-
HOH CTPYKType MOJIEKYJI U XUMUYCCKUX CBSI3SIX B HUX, CIEaH-
HbI€ Ha OCHOBAHUM 3TOU TEOPUU, OXKUBJICHHO TUCKYTUPYIOTCS.
B vacTHOoCcTH, TIpM pacueTe 3apsaoB Mo cxeMme beligepa B Mosie-
KyJIax aJJkaHOB aTOMbI BOAOPO/IA MTOJY4YaloT HEOOJIbIIIE OTpHULia-
TeJbHBIC 3apsIAbl, 4 aTOMBI yIiIepona — HeOOJBIINE ITOTOXKM-
TeJTbHBIC 3apsIIBl, YTO HE COTJIACyeTCs ¢ TaHHBIMU IO JIEKTPO-
OTPUILIATEILHOCTSIM U pe3yIbTaTaMU APYTUX PaCYCTOB.

C 3T“M NoAXoA0M MOXHO MO3HaKOMUTLCA No kHure P. Beiiepa «AToMbl B Mone-
kynax. KeaHtoBas Teopua» (M.: Mup, 2001).

Pacuer achdexTUBHBIX 3apsIOB Ha OCHOBAHUU MOJIEKYJISIP-
HBIX 3JIeKTpocTaTuueckKux noreHuuagtoB MOIT (MBII mbl pac-
CMOTPUM B OJHOW U3 CJIEIYIOUIMX JEKIUI) TaK:Ke BO3MOXEH C
HCITOTb30BaHNEM MHOTHX ITAKETOB KBAHTOBO-XUMHMUECKHX TTPO-
rpamMMm. HemoctaTtok meroma B ToM, yto MBII paccuuThiBaeTcs
Ha TTOBEPXHOCTU MOJIEKYJIbI, 1 OH MaJi0 MPUTOACH MJIsI CIOXKHBIX
MOJIEKYJI C OOJIBIIIMM KOJTUYECTBOM «BHYTPEHHUX» aTOMOB. [1o-
3TOMY MPUXOIUTCS paccuuThiBaTh MBI m1g HECKONIBKUX CIIO-
eB. B Tabiuue 3.5 3HaueHus 3apsiA0B, paCCUYUTAHHBIE ITUM CIO-
cobomM miist Mmosiekysibl HF, naHbl B TpeTbeil KOJIOHKE.

ITpocToii 1 SICHBIN MOAXOM K pacueTy 3apsioB MPEAIOXUI
®. Xupuidenpa. B aTtoMm moaxome cHayajga BBIYMCIISIETCS pac-
npeaeaeHue 2JIEKTPOHHON TIJIOTHOCTU B MOJIeKyJie. 3aTeM KOH-
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CTPYUpYETCS <«IIPOMOJIEKYIa» KaK COBOKYITHOCTH CBOOOIHBIX
aTOMOB, HaXOMSIIIMXCSI B TEX K€ TOJIOKEHUSIX, UTO U B U3ydyae-
MOl MoJIeKyJie, U BBIYUCISIETCS paclpenejeHue 3J1eKTPOHHOMN
IJIOTHOCTH JIJIsI Hee, CTPOUTCS «Pa3HOCTHAsI DJIEKTPOHHAS TJI0T-
HOCTh», MHTETPUPOBAHUE KOTOPOM maeT 3apsiabl. DTOT METOH
TO3BOJISIET TAKXKE PACCUYUTHIBATH MYJIBTUTIONBHBIE MOMEHTHI MO-
JIeKy1 UM MOJEKYJISIPHbIA 3JIeKTPOCTaTUUYECKUI TOTeHLMal
(MO3IT). OueHb OOMBLION OIBIT, HAKOIJIEHHBI B JUTEepaType,
MOKa3bIBaeT, YTO OSTOT IMOIXOH YCTOMUMB K MCIIOJIb3YEeMOMY
KBaHTOBO-XMMHUUYECKOMY METOMY. 3apsiIbl XOPOIIIO BOCIIPOU3BO-
IATCS M TIPEKPACHO KOPPEIMPYIOT ¢ XUMUYSCKIMU XapaKTepH-
ctukaMu. Ha ocHOBaHMU CBOEro JUYHOTO OIbITa PEKOMEHIYIO
BaM I0JIb30BaThCSI UMEHHO 3TOM CXeMOIA.

TeM, KTO UHTEpecyeTca KBaHTOBOM XVIMMEVI, OY€Hb peKOMEeHAYIO NO3HAKOMUTLCA C

pabortoi F.L. Hirshfeld «Bonded-Atom fragments for describing molecular charge
densities» (Theor. Chim. Acta, 1977, 44, 129—138).

Hmak, 60 uzbexncanue owmubOK npu unmepnpemauuu xumude-
CKUX U (DU3UMeCKUX CEOUCME MOACKYA U MOACKYAAPHBIX CUCHIEM HA
OCHOBaHUU 3PeKmueHbIX (NApUUAIbHBIX) 3aPsA006 HA AMomax 6
MoaeKy1ax HeoOX00UMo UCn0ab306ams HAOOPLL 3aps006, NOAYHeH-
HbIX cmpo2o 00HuUM u mem xce cnocobom. Hanpumep, npu cpaene-
HUU PA3HBIX MOAEKYA cAedyem 6ce20d UCHOAb308aNb 3aps0bl, NOAY-
YeHHble 00HUM U eM dce Memooom ¢ 00UHAKOBLIMU Oa3uUcCamil.

3.8. [pubnmxeHne NoKanM3oBaHHbIX CBA3EMN.
mbpuamzauma AO

Meton MO, C OCHOBaMmM KOTOPOTO Mbl KOPOTKO IMTO3HAKOMM-
JINCb, HC UCITIOJIL3YET Hpe):[CTaBI[eHI/Iﬁ O JIOKAJIM30BAHHLIX XUMM -
YECKUX CBA3AX MCXKIY IMapaMMy aTOMOB B MOJIEKYJIC. Ho no noss-
JIEHUSI KBAHTOBOM XMMMHU BCE XMMUNYECKME KOHLEOIIN UCXOIN -
JIN 13 HpeI[CTaB.J'[eHI/Iﬁ O TOM, YTO aTOMBI B MOJICKYJIaX COXPaHAIOT
CBOIO MHAMBUAYAJIbHOCTb U 06p3.3y}0T JIOKAJIM30BAHHbIC CBA3U C
JpyruMmn atToMaMu B COOTBETCTBUM C IIpaBUjiaMU BaJCHTHOCTHU.
Xumuueckue p€aKlIMM, KaK IMOKa3bIBACT BECH ONBIT XUMUNYECCKUX
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C
WCCIIeIOBAaHUIA, TIPOTEKAIOT JJOKAJIBHO, 3aTparuBasl JUIIh OIUH
WJIM OTPaHWYECHHOE YMCIIO COCETHUX aTOMOB, OCTaBIISIA OOJb-
IIYIO YacThb MOJIEKYJIBI TTPaKTUIeCKN HeM3MeHHOI. OTpOMHBII
(hakTMUECKUiT MaTepuan Mo CTPYKType U CBOMCTBAM OpraHuYe-
CKHUX MOJIEKYJ OBbLI HEMPOTUBOPEUMBO CHCTEMATU3UPOBAaH B
paMKax TIpeICTaBICHUN O JIOKATM30BAaHHBIX CBSI3SIX HA OCHOBE
MOCTYJIATOB KJIACCUYECKOU CTPYKTYPHOI Teopuu, cpopMyupo-
BaHHBIX A.M. ByTIepOBBIM M JOITOJTHEHHBIX CTEPEOXUMIIECKH -
mu nipectaBiaeHusMu Bant-TI'opda — Jle bens.

HckarouumensHbim 00CHIOUHCMBOM KAACCUHECKUX Npedcmag-
ACHUTL 5161A51eMCSL UX HAASAOHOCHTD.

B tex xe cnyyasix, Korma Kjiaccuyeckast MOIesb ¢ JJOKAJIU30-
BaHHBIMM CBSI3IMU He o0OecrieumBajia ameKBaTHOTO OIMMCAHUS
XUMMUYECKUX (DaKTOB, IPUBJICKATUCH ITPEICTABICHUS O Pe30HAH-
ce (OeH30JI U IpyTrue COCAMHEHUSI apOMAaTUIECKOM IIPUPOIBI), O
«B3aIMHOM BJIUSTHUY aTOMOB B MOJIEKYJIC», O B3aMMOIEHCTBUSIX
MEXIy aTOMaM¥W W CBSI3SIMU. DTH BOMPOCHI MBI OOCYXHalld B
MepBoii JIeKIUKU 3Toro Kypca. IlapaienbHoe CyllecTBOBaHUE U
AKTMBHOE UCITOJIb30BaHMeE IBYX MOJIEJIEN B OpraHNMYECKOM XUMUN
IIPUBOIWIIO K «HEIOPa3yMEHUAM» JIMILb B TOM CJIydae, eCJii Oec-
CO3HATEJIPHO MJIN CO3HATEIHHO UTHOPUPOBAJICS MOICIBHBIN Xa-
pakTep XMMWYECKUX MMOHSITUI, KOTOphle He TpaHChepabeTbHEI,
T. €. He MOTYT OBbITh MCITOJIb30BaHbI 3a MpeaeaaMu TO MOJeNN, B
KOTOpPOI1 OHU BBeAeHBI (CM. 0 «0Oph0e C Teopueit pe3oHaHca» B
nmekumu 1). Ho Takoe mapaiienbHOE CYIIIECTBOBAHHE CHEJIAIO
BechMa aKTyallbHOM 3amady pa3pabOTKM METOIOB aKTUBHOTO
TBOPYECKOTO B3aMMOJIEUCTBUSI MEXIy MOJIESIMA MX COTJIacoBa-
Hus. [TepBbIM 11aroM Ha 3TOM ITyTU cTasia Teopus JIblouca.

B xonuenmu JIstonca xumudeckast CBSI3b MEXKIY IBYMS aTO-
MaMM OCYLIECTBJISIETCSl ONHOM (onuHapHast), AByMs (IBOiHAsI)
WU TpeMs (TpoliHast) 0000IIEHHBIMU MMapaMu J1eKTPOHOB. Jist
CTaOMJILHBIX MOJIEKYJ COOJIONACTCS «NpauUA0 oKmema» — oouiee
YUCAO 6ANCHMHBIX IACKIMPOHO8 Y KAXCO020 amoma 2-20 nepuooa
PasHo éocbmu. ATOM TaKKe MOXKET UMETh HETIONEJICHHBIC BJICK-
TPOHHBIC TTapHl. DTa MPOCTasT KOHIICIIIINS 10 CBOEMY CYIIECTBY
SIBJISIETCSI MHTEPIIPeTalMeil KJITaCCUIeCKMX IMPABIJT BaJIEHTHOCTH
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Jlbiouc MNnb6ept HbloToH

(23.10.1875—23.03.1946)

JIM4HOCTL 3TOro BENIMKOTO XUMMKA, XOTA OH
Tak 1 He nonyaun Ho6enesckoi npemum,
obpocna nereHaM1 He TOJNLKO MOTOMY, YTO
uMeHHO oH nepebiM (1916 r.) passun npea-
cTaBneHna o6 3NMeKTPOHHOI NpUpoAe XUMU-
YecKuX CBA3Ei U co3/an HOBYIO OBLLYIO Teo-
puto K1cnoT u ocHoanuit (1923 r.). OH 6bin
BbIJAIOLLIMMCA MEAaroroM, CO3/JaBLUUM OfHY
M3 CaMbIX MOLLHbIX Hay4HbIX LUKOM 3a BCIO
uctopuio  Haykn. Cpeau ero  y4eHukos
289 poktopoB Hayk u 20 naypeatoB
Ho6enesckoi npeMun. 3a 1o BpeMs, kor-

Aa Jbtonc 6bin pyKoBOAUTENEM XUMUYECKO-
ro ¢dakynbteta B bepknu, oH NpeBpatMn 3TOT haKy/bTET B OAMH U3 MyHLUMX XUMUYe-
ckux cakynbretos B CLLA.

B TEpPMUHAX 3JIEKTPOHHOI Teopuu. OHa gaeT BO3MOXHOCTD JIeT-
KO COCTaBJISITh CTPYKTYpHBbIC (DOPMYJBI COCAMHEHMIT pa3HbIX
KJIaCcCOB, HO HUYETO HE TOBOPUT O TOM, KaKyl0 IIPOCTPAHCTBEH-
HYIO TeOMEeTpUIO N0JKHA uMeTh Mosiekyida. B 1940 r H. Cumx-
BuK 1 ['. [Taya/1 BeIcKa3aau ML O TOM, YTO TTPOCTPAHCTBEH-
HOE pacmoJIOKEHUE CBSI3eil BOKPYT aToMa B MOJIEKYJIe TOJKHO
OTPENeINISITBCS CTPEMJICHHMEM CBSI3C€id M HEIOJCICHHBIX TIap
3JICKTPOHOB 3aHSITh MAKCUMEJIHLHO YIAJICHHBIC TTOJIOXKEHUS IPYT
OT ApyTa («ITPUHITUIT HAMOOJIBIIIETO OTTATKMBAHUS CBSI3EH U He-
TMO/ICJICHHBIX JIEKTPOHHBIX T1ap»), KOTOpasi ObLIa pa3BUTa U Jie-
tagusupoBaHa B 1950-x rr. P. I'minecniu u C. HatixoamoM.
DJIeKTPOHHBIC ITaphl CBSI3€il M HEITOAeICHHBIE TTaphl, COIIac-
HO 3TO¥ KOHIISIIIINH, JIeXaT Ha cepe ¢ LIeHTPOM Ha pacCMaTpu-
BaeMoM aToMme. OHM HeCyT OTPUIATENIbHBIN 3aps W TTO3TOMY
CTpPeMSATCS 3aHSITh MaKCUMAJIbHO yIaJeHHbIE IMOJOXEHUs, MPU
KOTOPBIX UX 3JEKTPOCTATUYECKOE OTTAIKMBAHNE MUHUMAJIBHO.
TakuMm 06pa3om, YKCIIO CBsI3eid U HEIMOAEJIEHHBIX Map 3JIeKTPO-
HOB OTIpenesIsieT TeOMETPHIO. Y CIleX 3TOM MPOCTOM KOHIICIIIINH,
noJiyyuBlieil Ha3BaHue «teopus ['necnu — Halixonma», 6611
00YCJIOBJIEH €€ CMIOCOOHOCTBIO MPENCKA3bIBATh MPOCTPAHCTBEH-
HYIO TEOMETPHUIO OOJIBIIIOrO YHcja KOMIUIEKCOB MeTaioB. Ho
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OHa 0Ka3ajlach He CTOJIb INIOAOTBOPHOM TSI OIIMCAHUSI CTPYKTYP
OPraHUYECKUX MOJIEKYJI.

BaxkHbIi1 11ar Ha IMyTH COTIACOBAHUS KJIACCUYECKOM CTPYK-
TYPHOU T€OpUM ¢ KBAHTOBOXMMUYECKOM TPAKTOBKOM CBSI3U ClIE-
nan Jlaitayc [MonwHT, mMpenIoXXuBIINI 1 MCITOTb30BaBIINIT KOH-
HEeNUWI0 TUOPUAN3AIUY aTOMHBIX OpOWTaNeil i ONMUCaHUS
CTPYKTYpPBI M€TaHa, a TaKXKe JIJIsSI OTBeTa Ha BOTIPOC, ITOYeMY IpU
HaJIMYMU Y LIEHTPAJIbHOTO aTOMa Pa3HbIX (S, p, d) BaJICHTHBIX Op-
ouTaneit 00pa3oBaHHBIC MM CBSI3M B MHOTOATOMHBIX MOJICKYJIax
C OIWHAKOBBIMM JINTAHIAMU OKAa3bIBAIOTCSI SKBUBAJICHTHBIMU
10 CBOMM BJHEPTreTUYECKUM W MPOCTPAHCTBEHHBIM XapaKTepH-
ctukaM. IlpeacraBieHus o TUOPUAM3ALMM 3aHUMAIOT 1IEH-
TpaJIbHOE MECTO B METOMIE BAICHTHBIX CBSI3CHA.

Tubpuouzauyus AO — zunomemuueckuii npouecc cmMeulu6aHus
pasuvix (s, p, d, f) AO uenmpaavnozo amoma MHO20AMOMHOU MO-
A€KYAbl, NPUGOOAWUL K B03HUKHOBCHUIO HOB020 HAOOPA 0OUHAKO-
6vix AO, 3K6U6AIEHMHBIX NO CBOUM XAPAKMEPUCMUKAM U obecne-
YUGAIOWUX HAUAYHUIUE YCA0BUSL 0451 00PA30BAHUA XUMUMECKUX CB51-
3eil.

Kak mprumep paccMOTpUM MOCTPOEHUE MOJIEKYJIBI MeTaHa C
ncrnonb3oBaHneM Tudpumm3annu AO yriaepoma. B ocHoBHOM
COCTOSTHUU aTOM YIJIEpoJa UMeeT Mapy 2JAeKTPOHOB Ha 25-AO u
JIBa HeCMapeHHbIX 2J1eKTpoHa Ha 2p-A0.

i L ! !

152 252 2p2

g obpa3oBaHMSI YeTHIpEX JIOKAJTU30BAaHHBIX O-CBs3eil
C—H B MeTaHe HEOOXOAMMO MEPEBECTU €ro B BaJIeHTHOE CO-
cTostHUe 25'2p3, 4TO CBSI3aHO C 3aTPATOI SHEPTUMU.

i ! ! ! !

152 2s! 2p3

3adaHue: OueHute 3Hepruio (B KKan/Monb), KOTOpYlo HeO6-
XOAVMO 3aTpaTuTh ANA NepeBo/a aToMa yrnepoaa B BajJleHTHoe
COCTOSIHUE, UCMOJIb30BaB AaHHble Tabnuupbl 3.2.
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Puc. 3.22. O6pazoBaHue sp3-r146pmmb1x AOQO aroma yriaepojaa

CwMerraeM yeTbipe BaJIeHTHBIX AO U TTOTYyYHM YeThIpe HOBBIX
opOuTaNu, Kaxaass U3 KOTOPbIX OYyIET COCTOSITh HAa OIHY 4YeT-
BepTh U3 25-AO u Ha Tpu YeTBepTU U3 2p-AOQ. DTH Sp3-«rubdpus-
HBIe» AO OyIyT CTpOro HampaBJIeHBI OT aTOMa yIiiepona K Bep-
IIWHAM TeTpasapa IIoA TeTpasapuiyecKuM yriaom 109°28’
(puc. 3.22), 9TO COOTBETCTBYET HAMMEHBIIICH SHEPTUM OTTATKM -
BaHUs 2JIEKTPOHOB. Takoe COCTOSIHME XapaKTepHO IS aTOMOB
yrjiepoaa B HACBIIICHHBIX YIJIEBOIOPOIAX 1 UX TTPOM3BOIHBIX.

CeueHne BIOJIb OCU TaKo# sp?-TubpumHoit AO TToKa3aHo Ha
puc. 3.23.

DTa cuTyauus uaeaibHa 1151 00pa30BaHUSI TETPASIPUIECKOM
MoJIeKYJIbI MeTaHa (puc. 3.24).

TouHo Tak ke, cmemuBast ase 2p-AO u 2s-AO U ocTaBisis
onHy 2p-AO HernbpMIM30BaHHOM, MBI ITOJYIUM 3sp?-rHOpuUII-

2A 1

Puc. 3.23. CeueHue sp3 -rudpuaHoiit AO BIoJIb OCU
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Puc. 3.24. Mopenb MOJIeKyJIbl MeTaHa,
00pa3oBaHHOI ¢ yyacThueM sp3—m6p1/m-
HBIX opOUTaseit

Puc. 3.25. O6pazoBanue sz—I‘I/I6pI/IIIHBIX AOQO aroma yriepojaa

HbIX AO ¢ OCsIMU, PACTIONIOXKEHHBIMU B OTHOM TJIOCKOCTH U Ha-
MpaBJIeHHBIMHU K BepIlIMHAM TpeyrojbHUKa 1of yriaom 120°. He-
rubpuaunsoBaHHas 2p-AO nepneHaIuKyJIsipHa MIOCKOCTU U, KaK
MpaBUIO, YYaCTBYET B 00pa3oBaHUU TI-cBs3eit (puc. 3.25).

Hakonen, mpn cMeIIMBaHUU OTHOU 2s- M OMHON 2p-0opOm-
Tajeil oOpasyeTcs NIBE paBHOLIEHHBIE Sp-aTOMHbIE OpOUTANIM,
pacrmojioXeHHbIe JUHEHHO 1mon yrioMm 180° u HampaBiieHHBIE B
pa3Hble CTOPOHBI OT Siipa aToMa yriepoaa. JIBe ocraBiimecst He-
TUOPUAHBIE 2p-OpOUTATU PacIoaraloTcsl BO B3aMHO MEpIeH-
TUKYJISIPHBIX TIOCKOCTSIX M MOTYT Y9acTBOBAaTh B 00pa30BaHUU
IBYX qi-CBsi3eit (puc. 3.26).

W3 cka3aHHOTO BHIIIIE CICIYET, UYTO 3d MEPMUHOM «2UOpudu-
sauus AO» 6 delicmeumeabHOCMU He KPOemcsa HUKaKoz2o gu3uye-
CK020 A64eHus. DTO BCETo NI JIMHEiTHOoe Tpeobpa3oBanHue AO
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Z Z

Puc. 3.26. O6pazoBanue sp-rudbpunHbix AO aToma yriiepona

JUTSL HATJISITHOTO COTJIACOBAaHMS KJIACCUYECKOW M KBAHTOBO-XM-
MUYECKOW MoJeNeil 3JIeKTPOHHOTO cTpoeHust Mmouekyn. Cam
npueM rudpuauszalud — AOBOJbHO Tpybdoe MpuodanKeHue.
B pamkax ruOpuaHbIX opOUTaeii Heab3sl aJeKBaTHO OIMCATh
BO30YXXIIEHHBIE COCTOSIHUSI MOJICKYJ, ONTUYECKUE CIIEKTPhI U
(boTO2/IeKTPOHHBIE CIEKTphl. BOT yOemuTeNbHBI MpUMED.
B repmuHax ruopunHeix AO B3MO B MosieKysie MeTaHa JOJIKHA
OBITH YETHIPEXKPATHO BBIPOXKIEHHOM, U B COOTBETCTBUU C 3TUM
DH-crnekTp ero MOKEH CONepXKaTh OAWH MUK B 00JIacTU Ba-
JICHTHBIX 2JICKTpOHOB. B paMkax metoma MO sHepreTudeckast
IuarpaMMa MeTaHa MMeeT BMJ, IToKa3aHHBIA Ha puc. 3.27.
B nanbHeiilieM MbI elle BEpHEMCSI K MOCTPOSHUIO ITOM Aua-
rpaMMBbl. SICHO BUITHO, YTO B MOJIEKYJIE CYIIIECTBYIOT CBSI3bIBaIO-
mue MO aByX TUIIOB — IITyOOKO Jiexalnas @; U 6oJiee BbICOKas
10 SHEPTUU TPUXKIBI BRIPOXKICHHAS ((,,P3,(,4). B cooTBeTCTBUU
¢ 3TuM PD-CIIeKTp B 00J1aCTH BaJICHTHBIX JICKTPOHOB TOJIKEH
comep:KaTh JBa MHUKa. DKCIEPUMEHTAIbHBIN CIIEKTP MpPeacTaB-
JieH Ha puc. 3.28. B HeM JIeiicTBUTEIbHO HAOMI00al0TCS ABA KA
C KOJIEOATEILHOM CTPYKTYpOU, TTOI0XKEeHUS KOTOphX (13,6 3B n
22,9 5B) OTAWYHO COMIACYIOTCS C BBIYUCIEHHBIMU TEOPETUYE-
CKU.

OG6patute BHUMaHME Ha TO, YTO MOTEHLMAsbl MOHU3ALWM METaHa 1 MOJIEKYSIPHOTO
BoAopoaa (T. e. aHeprum ux B3MO) noutn coenagatot! S1o obcToATENbCTBO NpUBO-
[T K UCKIIOYUTENBHO BaXKHBIM MOCNEACTBUAM, KOTOPbIE Mbl PACCMOTPUM NO3Xe.
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Puc. 3.27. ®opma u sueprun MO mosnexyibsl CHy (CrlolHble ¥ MyHKTUPHbIE
JIMHUY OTPAXAIOT Pa3Hble 3HAKU BOJTHOBOW (DYHKIIHM)
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Puc. 3.28. OxcniepumenTtanbHblii He(I1) ®D-crniekTp MeTaHa

CTONb OYEBUMIHBIM MpPOBaJ KOHUEMIMKM TUOPUIM30BAHHBIX
opOuTaieil BbI3BaJl BOJHY CEPbe3HbIX OTKJIMKOB. Pa3BepHynach
OXXMBJIEHHasl JUcKyccus Ha Temy «He cireayeT i oTKa3aThCst OT
WCITOIb30BaHUS 3TOM KOHLICTILIMY TPU MHTEPIIPETallMU 3KCIIe-
PUMEHTAJIbHBIX PE3yJbTaTOB B OPraHWYECKOM XUMUU U B IPETIO-
JNaBaHWUU TOUN TUCIIUTUIMHBI?».

Dra anckyceua npogosmkaetcs Ao cux nop. lNMpocMotpure, HanpuMep, cTaTtbto Npo-
¢deccopa [pawoy us yHusepcutera B Hoto-Ixepen (Grushow A. Is It Time To Retire
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the Hybrid Atomic Orbital? // J. Chem. Educ., 2011, 88, 860—862), a Takxe nocnego-
BaBLLMit OTBeT npodeccopos J1sHamca u BaiHxonbaa u3 BuckoHeuHckoro yHuepcute-
Ta (Landis C.R. and Weinhold F. Comments on “Is It Time To Retire the Hybrid
Atomic Orbital?” // J. Chem. Educ., 2012, 89, 570—572). Mo ccbinkam B 31X paboTtax
Bbl JIETKO BbIABUTE BCEX APYIrMX YHaCTHUKOB, Cpeu KOTOpbIX 6bin 1 naypeatr Hobenes-
ckoit npemumn Poanbg XoddpMaHH, 0auH K3 KpYMHENLLIUX XUMUKOB-TEOPETUKOB.

[MonpoO6HbIil aHaNIM3 BCeX MaTepUaloB M apryMEHTOB JUC-
KyCCHUU BBIXOAUT 32 paMKH Halllero paccMoTpeHus. OrpaHu4ych
JINIITb KPaTKUM KOMMEHTaprueM. MHoOrue KOHIUENINU B XUMUU
He SIBJISTIOTCS TOYHBIMU. Kak s yXXe oTMedan, OCHOBHBIC TTOHSI-
TAS U KOHIECIIINYA XUMHUHU HOCSIT MOIEIBHBIA XapakTep, M UX
CJIeMyeT UCTIONb30BaTh JIMIIIh B paMKaX TOW MOJEIN, BHYTPU KO-
TOpOi OHU chpopMyIMpoBaHbl. [1pu UX UCTIONIB30BAHUM CJIEITYET
YUUTBIBATh TPAaHUIIBI IPUMEHUMOCTU Mojaeau. B pamkax atoro
MOIX0/1a UCTIOJIB30BaHNE KOHIICTIIMY THOPUAN3AIIMY KaK OHO-
TO U3 3JIEMEHTOB TEOPUM BaJIcHTHHIX cBsa3eii (BC), Bocxomsmeit
K JI. [TonuHTy, BIIOJTHE IIPaBOMEPHO U TT0JIe3HO. BOT uTO 110 3TO-
My noBoay ckazan P. XodpdmaHH B OOHOU U3 AUCKYCCUIA:
«O60611as1 pe3yIbTaThl HAllIei TUCKYCCUU, MOXKHO CKa3aTh, YTO
teopust MO u teopust BC — 310 He opykue, a Habopbl paboUYnX
WHCTPYMEHTOB, MPOCTHIX ITOAAPKOB XUMUYECKOTO yMa pyKaMm
XUMUKOB. bpath B TpebOytolee HAIIPSLCKEHHOTO BHUMAHMS TPY/I-
HOE IIyTeIIeCTBUE IO OITACHBIM TPOIIaM COBPEMEHHON XMMUM
JIVIITb OJWH HAaOOp MHCTPYMEHTOB, a He JBa — 3TO HEpa3yMHO.
OTKa3 oT JIT000I U3 3TUX TEOPUIA YMEHbILIAeT MHTE/UIEKTYaIbHOE
oorarctBo xumun» (Hoffmann R., Shaik S., Hiberty P.C. Acc.
Chem. Res., 2003, 36, 750—756).

Tor, KTo UHTepecyeTcs, HaigeT PD-cneKkTpbl APYrUX YrepoBOJOPOAOE (TUMEH,
aueTuneH, ataH, ByTagveH v T. A4.) B oTinyHom pabote G. Bieri, L. Aesbrink (Journal of
electron spectroscopy and related phenomena, 1980, 20, 149—167).

WTak, Moeslb CTPOSHUST OPTaHUYECKUX COSTMHEHUI, OCHO-
BaHHAs Ha TIPEICTABIICHUSX O JIOKAJTM30BAHHBIX XMMHUUYECKHX
CBSI3SIX, SIBHO CTpa;aeT Cepbe3HBIMU HemocTaTKamMu. Momenb, B
KOTOPO#1 MOJIeKyJla pacCMaTPUBAETCsT KaK COBOKYITHOCTb sIiep 1
3JIEKTPOHOB, PacHpeAe/IEeHHBIX B UX O0ILIEM I10JIe, KOHeYHO, 00-
snee TouHa. Ho oHa coBepiieHHO Oecrnonie3Ha MpU pelIeHUU
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MHOTHX MPaKTHIeCKNX 3amad. Hampumep, odeHb TPYIHO TIpea-
CTaBUTh cebe, KaK MOXHO €€ MCITOJIb30BaTh B pETPOCUHTETHYC-
CKOM aHaju3e U NpHU IJIaHUPOBAHUU MyTel XUMUYECKOTO CHH-
Te3a. Ilpu3pIB HEMEMIEHHO OTKAa3aThCs OT MCIIOIb30BaHUS
TIPEICTAaBIICHUI O JIOKATN30BAHHBIX XUMIUIECKIX CBI3SIX M KOH-
LEeNUUY TUMOpUIM3alliKi, Ha MOU B3IJISIA, B COODILIECTBE COBpPE-
MEHHBIX XUMHUKOB-OPTaHUKOB OyIeT MMETh CTOJIBKO K€ CTOPOH-
HUKOB, CKOJIBKO IPU3BIB MEPEUTH K MPETIOJaBaHUIO 3TOM IHC-
LUIUIMHBI HA KUTACKOM SI3bIKE. DTU MPEACTaBACHUS HE TOJbKO
HATJISIOHBI U «BPOCIM B YMBI XMMHUKOB-OPTaHUKOB», HO U HC-
KJTIOYNTEIHLHO TOJIE3HBI. B CBA3M ¢ 3TUM B JaJbHEHIIIEM B 3TOM
Kypce MbI OyIleM MMM IOJb30BaThCs, YYUTbIBAsI, OMHAKO, CBOM-
CTBEHHBIC M HEIOCTaTKMH.

3.9. [NoBepxHOCTb NOTEHLUMAILHOW SHEPrUU
MOJNEKYNIAPHON CUCTEMBI

B mpunomrxenun bopra — OrnmeHreiiMepa MojIoXKeHUe SAep MO-
JekynspHoit cuctembl (MC) cuutaetcst GUKCUPOBAHHBIM. DTOMY
MOJIOKEHHMIO COOTBETCTBYeT orepartop I'amwmibrona H(r,R), xa-
pPaKTEepU3YIOLIUICS COOCTBEHHON (DYHKIIUEH — 3JIEKTPOHHOM
BojiHOBOM (byHKuueidr W, (r, R) U COOCTBEHHBIM 3HAYEHUEM —
noJjiHoi sHeprueit £, naHHoil cucteMbl. Ho B neficTBUTEIBHO-
CTU OTHOCHUTEIbHBIC KOOpAMHATHI smep MC HeIlmpepbhIBHO MEHSI-
IOTCSI BCJIENICTBUE KOJIeOaHUII aTOMOB OTHOCUTEJIBHO PaBHOBEC-
HBIX MEXaTOMHBIX PACCTOSTHUM, KOH(OPMaIlOHHBIX MTePEX0I0B
¥ TIPOTEKAHUSI XUMUIECKUX peakinii. YToOBI omucaTh 3TU SIBJIe-
HUSI, OYeBUIHO, HEOOXOMMMO MHOTOKPATHO PEIIUTh JIEKTPOH-
HOE BOJTHOBOE YpaBHEHUE C M3MEHSIOLIMMCS HabOpOM KOOPAM-
HarT a1ep q,, ¢, ---, q;. B pe3ynbraTe Mbl HalineM HEKOTOpYIO (hyHK-
uvo E,,,, TPEeACTaBISIONIYI0 COO0N MOTEHIUATHHYIO HEPTUIO
MOJIEKYJIIPHOI CUCTEMBI 3a BBIUETOM KMHETUYECKON HEPrUu
anep, E(q) = E(qy, q5, ..., ¢3ny_¢), TOE N — 4HCIIO aTOMOB B MOJIe-
KyJe. DTa (pYyHKIUMS 1 Ha3bIBACTCS HOBEPXHOCIIBIO NOMEHUUAAbHOU
snepeuu (I1I19) cuctembl. B kauecTBe KOOpAMHAT ¢; B TIPUHIIUIIE
MOKHO BBIOpATh JII00O0¥ Psii TeOMETPUUECKUX TTapaMeTPOB MOJIe-
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KyJIbl WIN MX KoMOmHammii. OmHaKO B OOJBIIMHCTBE CIIyJIacB
HauboJiee HATJISIIHBI U YIOOHBI BHYTPEHHKME KOOPAMHATHI MOJIe-
KYJIbl: JUIMHBI CBSI3ei, BaJIGHTHBbIE M TOPCHOHHBIC yIibl. OOIee
YUCJI0 HE3aBUCHUMBIX BHYTPEHHMX T€OMETPHUYCCKUX KOOPIMHAT
MOJIEKYJIbI paBHO 3N — 6, a 151 IMHEWHOM MoJIeKyJIbl 3N — 5.

IIpocteiimuii ciayyait OByXaTOMHOI MOJIEKYJIbl BOAopoda
(N = 2, MmoJsiekyna quHeliHa, 3N — 5 = 1) MBI yXXe pacCMOTpEIu.
EnuHCTBEeHHOII €CTeCTBEHHOI KOOPAWHATOW 31eCh SIBJISIETCS
MexXaToMHoe pacctossHue, u I1T13 mpeacrasisieT coboit mpocTo
OJHOMEpPHYIO KpuByto (cM. puc. 3.3). Ho yeTbipexmMepHyto Mo-
BEPXHOCTh MOTEHLUMAJIbHONW SHEPIMU TPEXaTOMHON CHCTEMBbI
E(q,, 45, q3) MOXHO TIpEICTaBUTh IpapuuecKu TOIHKO B TOM CITy-
yae, ecJid OHa obyamaeT onpeaeneHHoi cumMmerpueit. Hampu-
Mep, MoJiekyia Bonsl H,O mMeeT mI0CKOCTh CHMMETPHUH, C yUe-
TOM KOTOPOI MOXHO MOHU3UTH pa3MEPHOCTb, NIPUHSB B Kaye-
CTBE KOOPIMHAT MexkaToMHoe pacctossHue O —H u BaJeHTHBIM
yron ZHOH.

IToctpoennas I1I1D B aTOM ciyyae OyAeT UMETh BUI, PUBE-
IeHHBIN Ha puc. 3.29. [Ina 6ojiee CIIOXKHBIX CIIy4aeB PacCUUThI-

AFE, KKaji/MoJb

Puc. 3.29. [ToBepXHOCTb NOTEHUMAIBLHOI 9HEpruu MoseKkyasl H,O
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BalOT W TIPEACTaBISTIOT Tpacdmuecku cedeHust [MI1D croxHOM
MC 110 ompeneIcHHBIM KOOPIMHATAM.

IToctpoenue I1T1D MHOrOaTOMHOM MOJIEKYJISIPHON CUCTEMBI
TpeOyeT MpoBeIeHUsI OTPOMHOI0 KojuvecTBa pacueToB. Eciau
M0 KaXJI0i KOOpAMHATe OCYIIECTBISATh M pacueToB E,,,;, TO 00-
1ee X Koum4ecTBo oyner m3N -0, K cyacTbio, 118l GOJIBLUIMHCTBA
MPaKTUYECKUX IIeJiei HET HEeOOXOIMMMOCTU 3HATh (DYyHKIIMIO
E(q,, g5, ..., @3n_) B TOTHOM 00BbeMe. [JocTaTOUHO pacmoyiaraTh
CBEeICHUSIMU JIMIIb 00 ornpeneaeHHbIX yyacTkax 111D, npexne
BCEr0 COOTBETCTBYIOLIUX OCOOBIM TOUKAM, a UMEHHO MaKCUMY-
MaM U CEeIJTIOBBIM TOUKaM.

K cranmoHapHbIM TouKaMm 10001 (DyHKITUH f{g) OTHOCSITCS Ta-
K1e TOYKM KOH(MUTYPAITMOHHOTO MPOCTPAHCTBA, B KOTOPBIX 3HA-
YEHMS BCEX TTEPBBIX TTPOM3BOIHBIX 10 KaXKIOM HE3aBUCUMOI TIe-
PEMEHHOI g; 00pamatoTcs B Hy/ib. B cranimonapHbix Toukax [1I1D

JE OFE oF
—=a—=..==———=0 3.11
dq, 9q, 3 n_6 ( )

YcnoBue skctpemyma dyHkmuu (3.11) BaM, KOHEYHO, W3-
BECTHO M3 INKOJBHOTO Kypca MaTreMaTuKu. I Toro 4rToObI
OITPEICNTUTh TUIT IKCTPEMyMa, HEOOXOIMMO HAWTH BTOPYIO MPO-
M3BOJHYIO, NpuyeM, eciau f” > 0, GyHKUMS B JaHHOM TOYKE
uMeeT MUHUMYM; eciu f7 < 0, To DyHKIUS UMEET MAaKCUMYM;
eciu f” =0, To JaHHasE TOYKA SIBJISICTCSI TOYKOM Iieperuoa.

IIpu anamm3e craumoHapHbBIX Touek III1D wmccnemyior ma-
TPULY BTOPBIX IMPOU3BOIHBIX IMOJTHON 3HEPTUU MOJIEKYIIbI, KO-
TOPYIO Ha3bIBalOT Mampuueil Iecca inu eeccuanom (3.12):

o’E o’E IE
og? 94,09, " 94,995y
o IE IE SE
| f"":‘W{: 00,00, o 7 W00 | (3.12)
o’E o’E IE
9q3v-699, 935699, 3932N76
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Ee Bcerma MoXXHO IPUBECTH K TraroHaibHOMY Bumy (3.13):

£ 0 .0
0 f, .. 0 G13)
0 0 .. five

Camoe BaxkHOE 3HaUCHHE B XMMUM MMEIOT YCTOMYMBEIE CO-
CTOSTHMSI MOJIEKYJI. YCTOMYMBOCTh O3HAYAET, YTO 10 BCEM BHY-
TPEHHMM KOOpAMHATaM MOJIEKYJIbI ITOJTHASI SHEPTUsSI MUHUMAJTb-
Ha. TakoMy COCTOSIHMIO OTBEYAET AMATOHATIbHBIN BUJ eeccuana
cO 8cemMu  NOAOHCUMENbHbIMU NUATOHAIBHBIMU 3JEMEHTaMHU.
B KBaHTOBOI1 XMMMU MX YaCTO HA3BIBAIOT CUA08bIMU KOHCMAHMA-
Mu, TIOCKOJIBKY OHU XapaKTepU3YIOT YaCTOTHI KOJIeOAHUI1 aTo-
MOB JPYT OTHOCUTEJIbHO Ipyra. CUI0Bble KOHCTAHTBI UCIOJIb3Y-
I0TCSI B TeopeTHueckmx pacuerax MK-ceKTpoB XMMHUYECKHX
COEIMHEHU.

B 6oabimHcTBe ciaydaeB Ha T1I1D Mojekybl CyllecTByeT
HECKOJIbKO MMHMMYMOB, OTBEYAIOLIUX YCTOWYMBBIM MOJIEKY-
JIIPHBIM CTpYKTYpaM. CaMblii ITyOOKUiA (2200a1bHblil) MUHUMYM
XapakTepusyeT TepMOAUHAMMYECKM Haubojee YCTONYUBYIO
KoHpurypanuio. OCTAIbHBIM (10KaAbHbIM) MUHHUMYMaM COOT-
BETCTBYIOT MeHee CTaOMIbHbIe KOH(pUTrypaun (n3oMepsl). Bee
octabHBIe ToukH Ha [1I1D cOOTBETCTBYIOT HEYCTOMUYMBEIM I'e0-
METPUYECKNM KOH(DUTYpALIMSIM MOJIEKYJISIPHOW cUCTeMBbI. B oT-
CYTCTBUE BHEIIHMUX CUJI MOJEKYJSIpHas CHCTeMa CaMOIIPOM3-
BOJILHO peJaKCUpPYeT M3 TAaKOTO COCTOSIHUSI K TEOMETPUYECKOM
KoH(purypauuu oavkaiiiero MuHumymMma [1I19. Dto noBeneHue
CHCTeMbI ITOJOOHO IIOBEICHUIO IIAapMKa, HaXOMSIIErocs Ha
CKJIOHE TTOTeHIIUAbHOH siMbI (puc. 3.30).

B cocrostHum 1 mepBast Tpon3BOIHAS SHEPTUH 110 KOOPAMUHA-
Te (epaduenm sHepeuu) GoJbINe HyNs. Eil cOOTBETCTBYeT Kaca-
TeJbHAs K KPUBOM, TloKa3aHHas myHKTupoMm. [Ipu mepexone B
coctostHue 2 (IIapuK CKaTWJICS) TPaAMeHT YMEHBIIWJICS, HO
ocTajicsl JocTaToyHo OosbuiMM. HakoHell, B Touke 3 — Touke
MUHUMYMa — IpaJueHT paBeH HYJIIO (IIapuK OCTAHOBUIICS).
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E
(Z—j >0
q )
(ad—E) >0
9/,
E
(%), -0
q 3
Puc. 3.30. Penakcauusi MoOJIEKYJSIpHOM CUCTeMbl K OJivXKaiileMy MUHUMYMY
I113IC)

DTOT PUCYHOK WJUTIOCTPUPYET pEaJM30BaHHBIN BO BCEX
KBaHTOBO-XMMUYECKUX MPOrpaMMax ajJlfOPUTM IOMCKA YCTOM-
yyBOI (MJIM PaBHOBECHOI) TeOMETpUM MOJIEKYabl. B oOiiem
cilyyae, UCCIieAys TO WIM MHOE COeAMHEHMUE, Mbl HE 3HAeM TOY-
HOIi ero reoMmerpuu. IToatomy HayanbHast (IpoGHast) CTPYKTYpa,
KOTOPYIO MBI 3alaeM, WCXOAs W3 HaIMUX IpeIBapUTEIbHBIX
MpeACTaBIeHWI, OCHOBAHHBIX Ha CTPYKTYPHBIX aHAaJIOTHSX,
CTaHAAPTHBIX 3HAYEHUSIX JUIMH CBsI3€li, BaJICHTHBIX U TOPCUOH-
HBIX YIJIOB, OOBIYHO COOTBETCTBYET HEYCTOMYMBOM KOHGUrYypa-
uun. JIas moucka MUHMMYMa PEIIaloT BOJHOBOE YpaBHEHUE C
HMCXOIHBIMU KoopauHataMu siaep ¢, 11 mpoGHOI reoMeTpum
HaXOJISIT TIOJIHYIO SHEPTUIO M PACCYMTHIBAIOT I'PAIUEHTHI SHEP-
I'UU 110 BCEM HE3aBUCUMBIM KOOPAMHATAM MOJIeKYJbl 0F/0g .
BenuunHa rpagreHTa onpeaessieT ar U3MeHeHUsI i-il KOOpAK-
HaThl, a 3HaK — HarpaBlieHHe («MUHYC» — YBEJIUUYEHUE g;,
«ILTI0C» — yMeHblleHune). COBOKYITHOCTb IPaMEHTOB XapaKTe-
pU3yeT HarpaBjieHue (BEKTOpP) CIycka, B COOTBETCTBUU C KOTO-
pPBIM TIpOrpamMMa PacCYMTHIBAET HOBBIE KoopmuHAtThl gV, st
HaiiIeHHOI HOBOM KOH(UIypallMy CHOBA pELIaeTCs ypaBHEHUE
IIpenuHrepa, HAXOASITCS SHEPTUS Y BBIYUCIISIIOTCST TPATUEHTHI.
DTa urepalmoHHas Tpoleaypa MOBTOPSIETCS 10 TeX Iop, MoKa
He OyIEeT BBIIIOJIHEHO YCJIOBUE CXOAMMOCTU: DHEPIHsl, BbIUMC-
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)

JIEHHAs Ha 1-M 11are, OyIeT OTIMYAThCS OT 3HAUEHMUS, TTOTyUeH-
HOTO Ha mpeabiaymeM (1 — 1)-M 1mare Ha 3apaHee 3aJaHHYIO Ma-
JIYIO BEJIMYMHY:

EW — En-D <E, (3.14)

B Ttepmunax INT1D xumMnyeckas peakiivs O3Ha4yaeT Iepexol
MOJICKYJISIPHOI CHCTEMBI M3 OMHOTO MIHUMYMa B npyroit. [Tyt
MUHUMAJIBLHOI SHEPIUU IS TAKOTO TIepexo/ia — 3TO IBMKEHUE
no nHy ponuHbl [T, cBsa3bIBaOIIel 1Ba ee MUHMMYMa yepe3
CEIJIOBYIO TOUKY (Touka IepeBajia). PU3MUYECKUIl CMBICI 3TOM
TOYKH B TOM, UTO OHA SIBJISIETCS MEPOIi TOM MUHUMAIbHOM SHEP-
MU, KOTOPYIO HEOOXOAMMO 3aTPATUTD JJISI MPOTEKAHUS XUMU-
yecKoii peakiuu. ['eomeTprueckas KOHOUTYpaIvs MOJIEKYJISIp-
HOI1 CUCTEMBI B CEIJIOBOI TOUKE HA3bIBACTCSI Nepex00HbIM COCHO-
sAHUemM TAHHOM peaklnu. DTO — KJII0YeBOe MOHSTHE B Hauboiee
IIIPOKO MCITOIB3YeMOI TEOPUU XUMHWIECKON KUHETUKU (meo-
pusi nepexo0H020 cOCMOsIHUAL), TaK KaK SHePTHS TIEPEXOIHOTO CO-
CTOSTHMSI OTHOCUTEJIbHO McxomHoro Mmuaumyma II1D ompene-
JISIET 3HEPrUl0 aKTUBALIMU U, CJENOBaTEeJbHO, CKOPOCTh XUMMU-
YECKOM peaKklnu.

Takum obOpa3oM, TOYKa TIEPEXOTHOTO COCTOSIHUSI HapsIIy C
muHuMymamu TIT1D gBiasgercd BaxKHEHIIEH XapaKTepHCTUKOMN
TITID. Unentuduxamnys 3Toi TOYKU MPOBOAUTCS IyTEM pacue-
Ta TeccraHa IJisd JaHHOTO Habopa SIIepPHBIX KOOpAWHAT. Juaeo-
HAAU308AHHAS MAMPUYA CUAOBLIX NOCMOSHHLIX UMeem 8 3Moll
mouke 00HO U MOAbKO 00HO OMPULAMeENbHOe 3Ha1eHuUe Ull, KakK 20-
opam, ompuyamensryio kpususny. MonekyssipHasi cuctema, Ha-
XOISICh B HEYCTOMYMBOI CEIJIOBOM TOYKE, CKAaThIBA€TCS BHOJb
HaIlpaBJIeHUsI OTPHUIIATEJbHON KPUBU3HBI, HA3bIBAEMOM 6H)-
mpenHeil KoopouHamolil peaxkyuu, B ONUH WIN IPYTOM MUHUMYM.
B aHrnosi3piuHON JuTepaType Bbl BCTpeTuTe TepMuH Intrinsic
reaction coordinate (IRC). KoopauHaTy peakiuu Bcerjga BbI-
YUCJISIIOT, YTOOBI J0Ka3aTh, YTO CEIJIOBasi TOYKA CBSI3bIBACT
MMEHHO HYXXHBIX IBA MUHUMYMa.

He cnepyert 3a6bi8aTh, 4TO TeOpUA NEPEXOAHOrO COCTOAHUA NpeAcTaBnaeT coboin
oripeAeneHHyto NpUGMKEHHYIO MOAETb, B KOTOPOW MPe/MnosiaraeTcs, 4To Bce More-
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KyJibl, BXOASALLME B MOMNEKYSISAPHYIO CUCTEMY, MEPEXOAAT U3 ofHoro MuHumyMa M3 B
APYroi no nyTu HauMeHbLLeN SHepriv Yepes eautcTeeHHoe [C. Ho Bo MHorux mpo-
Lieccax, MpOTEKAIOLMX C PaspbIBOM XMMUYECKUX CBA3EN, 3TO He Tak. [puMepoM MoxeT
CNyXWTb peakuma dpoTopasnoxerns popmanbaernga Ha CO n H,. B atom, a Takke u B
HEKOTOPbIX APYrMX MPOLeccax peanusyerca «pOyMMHr-mexaHusmy» (cM.:. Suits A.G.
Roaming atoms and radicals: a new mechanism in molecular dissociation // Acc.
Chem. Res., 2008, 41, 873—881).

YToObI MOJIyYUTh BU3YaJIbHOE MPEACTaBIEHHE O CTPOSHUU
MHoroMepHoii TTI1D, nmpuberaioT K aHanu3y €€ pa3IudyHbIX Ce-
YEHUIA 1O ABYM HE3aBUCUMBIM BHYTPEeHHUM KoopauHataMm. Ha
puc. 3.31 nokazaHa paccuutaHHas I1I1D npocToit MoaenbHOI
peakiiM IepeHoca MpoToHa OT OTHOTO MOoHA (hTopa K IPYroMY:

'F- + H2F == H'F + ’F-

Taxkasg KapTa CTPOUTCS aHAJIOTMIHO TeorpauIecKoil KapTe:
Ha TJIOCKOCTU BbIUEPUYMBAIOTCS U309HEPIeTUYECKUe (MIJIU IKBU-
MOTCHUMAJIbHBIE) JUHUM, COCIMHSIONINE TOYKM Pa3TUIHBIX
TEOMETPUIECCKIX KOH(PUTYPAIIUil MOJIEKYISIPHOI CUCTEMBI, KO-
TOpBIE UMEIOT OAMHAKOBYIO MTOTCHIIMAIBHYIO dHEPTHIO. CBSI3BI-
BaIOLIUU UX MYyTh MUMHUMAJIbHOU 3HEPTUU MPOXOIUT Yepe3 TOU-
Ky niepexogHoro coctosgHus (I1C). DToT myTh U SIBISIETCS KOOP-
muHaTolt peakmum. Ha pwme. 3.31 1okasaHa 3aBHCHUMOCTH
TMOTeHINAIBHON SHEPTUU CUCTEMBI OT 3TOU KOOpAWHATHI. Bu-
HO, YTO JIJIs1 IPOTEKaHMS peakluu CUCTeMa AOJIKHA MPeOoaoJeTh
SHEPTeTUYECKUM Oapbep BEIUINHON E, .. DTy BeIUIMHY TaKXkKe
Ha3BIBAIOT dHepeuell akmueayul, aKkmueayuoHHbIM 6apbepom pe-
akuuu. Bennuuna E,,, B TepBOM NMPUOIVDKEHUN paBHA SKCITEPU -
MEHTAJIbHOM 3HEPIUM peakiuu rasogasHoil peakuuu. boiee
CTporasi OolieHKa BeJUYMHBbI 3HEPreTMYeckKoro d0apbepa TpedyeTr
ydJera TeMIIepaTypHOI MOIMPaBKM M MOIPAaBKUA Ha SHEPIUIO HY-
JIEBBIX KOJIEOAHWIA YYAaCTHUKOB PEaKIIVH.
3aBepiiiasi Hallle KpaTKOe pacCMOTPEHUE HavyallbHbIX Mpe.-
crapieHuii o 111D MoJeKyIIpPHBIX CUCTEM, €llle pa3 OTMETUM
KJTIOYCBBIC MOMEHTBHI.
1. TToBepXHOCTb MOTEHLIMAILHOW SHEPTUN — MHOTOMEpHasT
dbyukuus sHeprun MC ot koopauHaT. Ee pasmepHocThb
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Puc. 3.31. [ToBepXHOCTh TOTEHITUATLHOI SHEPTHUH JUTSI peakllny TiepeHoca Tpo-
TOHA MEXIY IByMsl MOHaMU ¢hTopa. 3HAUECHMSI SHEPTUIA TPUBEICHbBI B
KJIK/MOJTb, PACCTOSIHUSL B A, MUHUMYMbI M MEPEXOIHOE COCTOSIHHE
OTMEYEHBI YePHBIMU TOYKAMU

st MC, conepxaineit N atomoB, coctaisieT 3N — 6 s
pou3BoJibHOM 1 3N — 5 mig auHeiHoi cucteM. Jomon-
HUTEJIbHBIE 2JIEMEHTHI CUMMETPUU CUCTEMBI TIPUBOJISIT K
noHuxkeHuto pasmepHoctu [TI13.

2. Haubonee BaxxubiM KoHburypamusm MC cOOTBETCTBYIOT
ToukU 3KcTpeMyMoB [1I1D — Touyku MUHUMYMOB, COOT-
BETCTBYIOIIME YCTOMYMBBIM KOH(UTYpPALIMSIM, U CEIJIO-
BBbIE€ TOUKH (TOUKH TIEPEBAJIOB), COOTBETCTBYIOIINE TIepe-
xonHbIM coctosiHUSIM (I1C, B aHIJIOSI3BIYHON JTUTEpaTy-
pe TS), nexammm Ha TyTSIX, BEOyIIUX W3 OIHOTO
MUHUMYMa B IPYTOu.



Jlekyus 3. Memoosi onucanus 31eKmpoHHOU CIPYKMYpbl
opearuueckux monexyn. Ochosuvie nonocenus memooa MO

<

3. MuHUMyMy OTBeYaeT NMATOHAIBHBIN BUI eeccuaa co
6cemu NOAOHCUMENbHBIMU TUATOHATILHBIMU 2JIEMEHTAMM.
Camblit TIyOOKU (e2100a1bHbIT) MUHUMYM XapaKTepU3yeT
TEPMOIMHAMUYECKU HanboJjiee YyCTOMUYMBYIO KOH(MUTypa-
1. OCTalbHBIM (10KAAbHbIM) MUHUMYMaM COOTBET-
CTBYIOT MeHee CTabMIbHbIe KOH(pUTYpauu (M30Mephl).

4. [Teccuan B ceTIOBOM TOUYKE MMEET OTHO U TOJIBKO OTHO OT-
puLaTesbHOE 3HAYeHUE (ONHY MHUMYIO 4acToTy). Pas-
HOCTb 3HEPTUil MUHUMYMOB W JIEXKAIIETO MEXITYy HUMM
I1C onpenensier 3HaUeHKUE SHEPTUU aKTUBALIMU Mpoliecca
rnepexoja u, CIea0BaTeIbHO, €r0 CKOPOCTbh.

Taxum obpazom, ecaxasa xongueypauus MC, xomopoii coom-
eemcmeyem Aokaivuolii munumym na IIT1D, aeasemca mepmoodu-
Hamuyecku cmaouavnoil. MC ¢ maxoii 2eomempueil moxcem cyuie-
cmeosams npu 0 K cxoav yeoono doaeo. Ho epemsa ncuznu maxoi
KoHGbueypauyuu npu Opyeux ycaoeusix, ckaxycem npu KOMHAMHOU
memnepamype U HOPMAAbHOM OdagieHUU, Oydem onpeoessimvCs
mem, HAcKoabko 6vicoku Oapvepvt na III1D, omodeaatowue 3mom
MUHUMYM om Opyaux Goaee HU3Ko0 aexcaugux munumymos. Crnedo-
eameJsibHO, Mbl OOJ/DKHbI, OUEHUBAA 803MOXKHOCMb cyuie-
cmeoeaHus makoil cmpykmypbl paccmampueamb 0ea
acnekma — mepmoOuHAMu4ecKylo cmabusibHocmb U Ku-
Hemu4eckylo cmabusibHoCmb.



JIEKLUNA 4

TUIMbl 1 XAPAKTEPUCTUNKH
XMMNYECKNX CBA3EM

B OPTAHMNYECKMNX
MOJIEKYJTIAX

CopepxaHue nekuum

4.1.
4.2.
4.3.
4.4.
4.5.
4.6.

4.7.
4.8.
4.9.
4.10.

4.1

4.12.
4.13.
4.14.
4.15.

BeegeHnue

DHeprm KOBaSIEHTHbIX XMMUYECKUX CBA3EN

[ nvHbl XMMUYecKknx ceazen

MonapHOCTb XUMUYeCKUX CBA3eN

MonspusyeMocTb XUMUYECKUX CBA3EM

MonekynspHble Op6UTanM MHOrOATOMHbBIX MOSIEKY

4.6.1. Meran

4.6.2. DTaH

4.6.3. DTunex

MornekynapHbie OpBUTanM MHOTOAaTOMHbIX Moniekyn. MoH MeToHmna CHE
Heob6bI4HbIn BULMKIMYECKUI MOCTUKOBBIN MOH KapbeHus

KomMnnekcb! ankeHos ¢ nepexogrbiMv Metannamu. Conb Lleiise
Heknaccnyeckve ruppuabl Kybaca u KoMnnekchl ankaHoB € MepexoAHbIMU Me-
Tannamm

. [loHopHO-aKLenTopHble  (KOOpAWHaLMOHHbIe) cBA3W. KoMmnnekcbl «kucnoTa

Jlbtonca — ocHosanve Jbtoncay

CeMurionspHble cBA3u

TpexueHTPOBbIE HeTbIPeX3NeKTPOHHbIe CBA3M. [MnepBaneHTHble coenHeHM
Boaopoatkie cAsm

Onucanmne 3¢ bekToB nepepacripeAesieHn s 3MeKTPOHHOM MIOTHOCTU B CUCTeMe
XUMUYECKNX CBA3Ei B PaMKaxX MOZAENN NIOKASIN30BaHHbIX CBA3EN

4.15.1. MocTaHoeka Bompoca

4.15.2. MnayktvBHbIin 3 dekT 1 3 ekt nons

4.15.3. Me3soMepHbIit 3 ekt

4.15.4. l'vnepkoHbloraums

4.15.5. MpuHUMN NMHEMHOCTH CBOGOAHBIX SHEpruit U ypasHeHue aMMeTa

4.1. Beegenue

PaccMartpuBast a5IeKTpOHHYIO CTPYKTYPY IBYXaTOMHBIX MOJICKYJT
W TIPOCTEHIell TPeXaTOMHOIM MoOJIeKynbl, noHa HY, MBI yke
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BCTPETWINCH C HECKOIbKMMU TUIIAMM XUMUYeCKUX cBsi3eit. [le-
PEUYMCIUM UX CHOBA:
1) omHO>MeKTpPOHHAS ABYXIICHTpPOBasi 0-CBA3b (le,2¢) B Mo-
JIeKynsipHoM none Hi;
2) IBYX2JEKTPOHHBIE IBYXLIEHTPOBBIE O-CBsI3U (2€,2¢) B MO-
nekynax H, u Li;
3) mesokanu3oBaHHasl OBYX2JIEKTPOHHAsI TPEXILEHTPOBas

(26,3(3) B MOJICKYJIAPHOM MOHEC H'3" (HaroMHto, 4TO, paccMaTpuBas
3N1IEKTPOHHOE CTPOEHUE 3TOWM 4YaCTWLibl, Mbl BrEpPBble B 3TOM Kypce BCTPeTU-
nmchb ¢ HecBasbiatolleit MO);

4) nmBOITHBIC (IBYXLICHTPOBBIC YETHIPEX3ICKTPOHHEIE (2¢,4¢))
U TPOiiHbIE (IBYXLEHTPOBBIE LIECTUIEKTPOHHBIE (2¢,6¢))
CBSI3U B IBYXaTOMHBIX MOJICKYJIaX, OOpa30BaHHBIC 3a CUCT
oceBoro nepekpuiBanus 2s u 2p-AO (0-CBsI3b) U1 OOKOBO-
ro nepekpoiBaHus 2p-A0 (oaHa WU ABE M-CBSI3U).

Mpbl BBesIM MpeacTaBieHUe 00 2JIeKTPOOTPUIIATEIbHOCTH aTo-
MOB U O TIOJISIPHOCTU XMMUWYECKHUX CBSI3ei B reTepOaTOMHBIX MO-
JIeKyJ1aX, OOYCJIOBJIEHHOM HECMMMETPUYHBIM pacIipeieecHueM
3JIEKTPOHHOM MJIOTHOCTU MEXIY aTOMaMU, 00Pa3yioLIUMU CBSI3b.

MBI YCTAaHOBWJIM TaKKe, YTO KOPPEKTHOE OIMMCAHUE 3JICK-
TPOHHOTO CTPOSHUS MHOTOATOMHBIX MOJIEKYJI B paMKax MeToIa
MO TpebyeT UCITOIb30BaHUS MPEACTABICHUI O TTOJTHOCTBIO -
JIOKQJIM30BaHHBIX CBSI3SIX. BBIOCINTH B TaKMX MOJEKYJIAxX JIOKa-
JIN30BaHHBIC CBS3M MEXIY ITapaMd aTOMOB MOXKHO, TIOCTPOMB
rubpuatabsie AO. X0oTsd 3TO NPUOIMKEHUE HEJIb3s MCII0JIb30BaTh
IUIST OTIMCAaHUSI BO30YKICHHBIX COCTOSIHUI U ONTUYECKMX CIICK-
TPOB MOJIEKYJI, OHO BIOJIHE NMPUTOIHO JIJIsT ONUCAHUSI TEOMETPUU
U, C PSIZIOM JIOTMOJHUTEIbHbBIX TOIYIIEHU, KOTOPbIE Mbl PACCMO-
TPUM B JaJIbHEHIIIEM, TAKXKE JUIST OMTMCAHMST HEKOTOPBIX aCIIEKTOB
pPeaKIIMOHHOM CITOCOOHOCTH MOJIEKYJI B OCHOBHOM COCTOSTHUU.
Wrak, BepHeMcsI K KJIaCCUYECKOM MOJEIN U PAaCCMOTPUM OCHOB-
HBIE CBOMCTBA JIOKATN30BAaHHBIX XUMIIECKIX CBSI3CIA.

4.2. DHeprum KOBasIEHTHbIX XUMUYECKUX CBA3EM

BaxHeiileil xapakTepuCTUKON XMMUYECKOI CBSI3U SIBJISIETCS €€
BHEPTUsl, KOTopasi MOXeT ObITh OmpenejieHa pa3IMUHbIMU CITO-
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cobamMu (TepMOXI/IMI/I‘ICCKI/IC JaHHBIC, CIICKTPOCKOIIMA, MacCC-
CIEKTPOMETPHUS).

Eule pas HanoMHto, 4To 3Heprua cBAsu — 370 paboTa, KOTOpyto Heo6xoAMMO 3a-
TpaTUTh, 4TOGbI pa3opBaTh 3Ty CBA3b FOMOJIMTUYECKH, T. €. TaK, YTOObl y KaXAOro us
o6pa3oBaBLLIMXCA PPArMEHTOB OCTANICA OAVH SMEKTPOH, U yAanuTb Apyr oT Apyra ob6-
pasoBaBluMeca ¢parMeHTbl Ha GeckoHeuyHoe paccTosHue. BennuuHbl 3Heprum ceasm
OMpeAenalTCA U PacCUUTLIBAIOTCA ANA U3ONIMPOBAHHON MOMEKysbl B rasoBoii dase
B CTAaHAAPTHBIX YCIOBUAX.

CBs13u (popMaJIbHO OJHOTO M TOTO K€ TUIIa B PA3HBIX MOJIE-
KyJIax W JIaxke B OJIHOM MOJIEKyJie UMEIOT pa3Hble SHEPTUU B 3a-
BMCUMOCTH OT TOT'O, B KAKOM CTPYKTYPHOM OKPYKEHUM 3T CBSI-
31 HaxonsTcs. Hampumep, mocieqoBaTebHbIA OTPBIB YEThIPEX
aTOMOB BOJOpOJIa OT MOJIEKYJIbl MeTaHa MPOTeKaeT ¢ Pa3HbBIMU
3aTpaTaMy 9HEPTuu, XOTs ¢ (popMaibHOM TOUKHU 3peHMUsI Ha Ka-
JKJIOM CTamuy pa3pbiBaeTcs npoctast o-cBsi3b C— H:

CH,—CH;+H—CH,+H—CH+H—C+H
427 368 519 335 x/Ixx/Monb

B Tabnuue 4.1 npuBenaeHsl aHepruu cBsaseit C— C, a B Tabiu-
e 4.2 — sHepruu cBs3eit C— H B HecKonbkux MoJiekyiax. [1pu-
YUHBI CUJIBHBIX PA3INIMil B SHEPIHUSIX (POPMAIbHO OTMHAKOBBIX
CBsI3eil MBI OyJIeM paccMaTpUBaTh B TEYCHUE BCETO HAIIIETO Kypca.

XoTs, KaK Mbl BUIMM, SHEPTUS CBSI3U — MapaMeTp He TpaHC-
(bepabeTbHBIN, IJIST YMCTO Ka4eCTBEHHBIX OIIEHOK BCE XK€ ITOJIe3-
HO MMETh TaOIUIly 3HAUYCHUI SHEPTHI OCHOBHBIX XMMWYECKUX
CBsI3€i1, YCpEeIHEHHBIX IO OOJIBIIION BRIOOPKE MOJICKYII. Sl TIprBO-
XKy 31€Ch YIOOHYI0 Tabiuiy u3 yueoHuka KoTroHa u YWikuHco-
Ha (Ta0J. 4.3), KOTOPYIO BCEraa COBETYIO UMETD IO, PYKOIA.

Ta6muma 4.1. Dueprust paspoiBa cBsizeit C— C B pa3HBIX MOJEKyJIax
(B KKaJ1/MOJIb)

DHeprus DHeprus
Coenunenue Coenunenune
paspbiBa CBSI3M pa3pbiBa CBSI3M
H;C—CH; 88 H;Cs— CgHs 100
(CHj3);C—C(CHj3);3 67,5 H,C=CH, 163
(C¢Hs)3C— C(CgHs)s 15 HC=CH 230
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Ta6auna 4.2. DHeprust paspbiBa cBsa3eilt C— H B pa3HBIX MoJieKyJax
(B KKaJI/MOJTb)

Coenunenue DHeprus cBI3u
CH;—H 104
CH;CH,—H 98
(CH3),CH—H 94,5
(CH3);C—H 91
HsC¢—H 103
H,C=CH—H 103
HC=C—H 125

Taomuma 4.3. YcpenHeHHbIe 3HAYCHUSI SHEPIMi XUMHUYECKMX CBS3ei
npu 25 °C (B KIX/MOJb), TIOJlydeHHBIE U3 TEPMOXUMUYEC-
CKUX IAHHBIX

H C Si Ge N P As O S Se F Cl Br 1
H 436 416 323 289 391 322 247 467 347 276 566 431 366 299

C 356 301 255 285 264 201 336 272 243 485 327 285 213
Si 226 — 335 — — 368 226 — 582 391 310 234
Ge 188 25%6¢ — — — — — — 342 276 213
N 160 ~200 — 201 — — 272 193 — —
P 209 — ~340 — — 490 319 264 184
As 180 331 — — 464 317 243 180
(0] 146 — — 190 205 — 201
S 226 — 326 255 213 —
Se 172 285 243 — —
F 158 255 238 —
Cl 242 217 209
Br 193 180
1 151

C=C598 C=No616 C=00698 N=N418
C=C313 C=N 866 C=01073 N=N9%6

I opraHMYecKoi XMMUU HanOOJbIlee 3HAYCHUE MMEIOT
sHepruu cBsizet C—C, C—H u C—X, rne X — retepoaToMbl
W TeTepoaTOMHBIe TIpynmupoBKu. Cpa3y 3aMeTHM, 4TO CBSI3U
C—H oTHocsTCS K 4MCIIy caMBIX MPOYHBIX. KpaTHBIE CBSI3M
MHOTO MPOYHEe OMWHAPHBIX, HO 3TO HE O3HAYaeT, KaK Mbl YBU-
UM B TaJIbHEHIIIEM, YTO MOJIEKYJIbI C KPAaTHBIMM CBSI3SIMU MEHEE
peakiMOHHOCIOCOOHBI. CylllecTBYeT HECKOJbKO 0a3 JaHHBIX,
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KOTOpbIE€ coAepxkKaT TaOJuLbl SHEPruil XUMUYECKMX CBsI3eid
B pa3HbIX MoJiekyjax. [Ipy HeoOXOAMMOCTH UX BCEraa MOXKHO
Haiitn B UHTEepHeTe.

4.3. AnvHbl XMn4ecknx ceasen

BaxxHoil XapaKTepMCTMKON XMMWYECKON CBSI3U SIBIISIETCS €€
IUTMHA — MEXbsIepHoe paccrossHue. B Tadbmnie 4.4 nana rpea-
CTaBUTEJIbHAsI BBIOOpPKA 3HAYCHMI JUIMH HEKOTOPBIX CBSI3Ci.
BHOBBL 0TMeYaeM, YTO OMHOTHUITHBIE CBSI3U CYILIECTBEHHO pa3jiu-
YaloTCs I10 JUTMHE B 3aBUCMMOCTH OT TOTO, B KAKOM CTPYKTYp-
HOM ¢parMeHTe OHHU MOSIBISIOTCS. B yactHOCTH, (popMaibHO
npocTas ¢Bsizb C— C cylIecTBEHHO YKOPauMBaeTCs, €CAM HaX0-
JIATCST PSIIOM C KPAaTHOM CBSI3bIO, apOMaTUYECKUM LIMKJIOM WJIU
MEXIY IBYMS KPaTHBIMU CBSI3SIMH. M3 IIKOJILHOTO Kypca XUMUN
BBl 3HAETE, YTO OTO OOBSICHSETCS 3 heKTaMu AeJTOKAIU3ALNN
3JIEKTPOHHOM IUIOTHOCTU. bosee mompoOHO MbI pacCMOTPUM
3Ty poGJIeMy IPU U3YYEHUM COOTBETCBYIOIIMX KJIACCOB COEIM-
HEHUM.

OLIEHKY IJTUHBI CBSI3W MOKHO CIeJIaTh HA OCHOBAaHWY 3HAYe-
HMII KOBAJIEHTHBIX PaguyCOB aTOMOB, OOpa3yIOLIUX 3Ty CBS3b.
[IpencraBneHus: O KOBaJCHTHBIX paanycax U BaH-Iep-BaalbCo-
BBIX pamuMycax ObUIM BBEICHBI B Kypce oOiei xumuu. B Tadu-
e 4.5 TpeAcTaBiIeHbl 3HAYCHUS TS PsIIa DJIEMEHTOB, KOTOPhIE
HaM OyIyT HYXXHBI B JaibHeimem. O0patnTe BHUMaHUE Ha TO,
YTO [JIS1 JIEMEHTOB, CIIOCOOHBIX 00Pa30BbIBATh KPATHBIE CBSI3U
(C, N, O), 3HaueHMsT KOBAJICHTHBIX PAINYCOB CYIIECTBEHHO
pa3anyaloTcs B 3aBUCHUMOCTU OT TOI'O, B KAKOM BaJICHTHOM CO-
CTOSTHUM OHU HAXOMISTCS.

HanomMHto, 4TO BaH-Z1ep-BaasibCOB paauyC — 3TO MOJIOBMHA MEXbAJEPHOrO pac-
CTOAHMA MeXAy BGnmxailuMMM OAHOMMEHHBIMW aTOMaMU, He CBA3aHHLIMU MeXay coboit
XUMUYECKOW CBA3BIO M MPUHAZNEXalUMMM PasHbIM MOJieKysaM (HampuMep, B MOJeKy-
nApHbIX Kpuctannax). Mpy cOnmkeHMn aTOMOB Ha PaccTOAHUE, MeHblUee CyMMbl UX
BaH-/lep-BaasibCOBbIX PaZjNyCOB, BO3HMKAET CUIbHOE MeXaTOMHOe OTTaskueaHue. Mo3-
TOMy BaH-/lep-BaasibCOBbI Pa/ifyChbl XapaKTEPU3YIOT MUHMMAsIbHbIE JOMyCTUMbIE KOH-
TaKTbl aTOMOB, NMPUHAAJIEXALLMX Pa3HbIM MOMEKy IaM.
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Taﬁ.lmua 4.4. ,[lJII/IHI)I XAMUYECKUX CBA3EU B OpraHN4Y€CKUX COCAUHEHUAX

Tun cBs3u Coenunenuns r (A =10 um)
B—H BopoBonopobt 1,32
N—H NH; 1,012

RNH, 1,01
N—O RONO, 1,36
N=0 RNO, 1,22
0—O H,0, 1,48
P—H PH; 1,437
S—H H,S 1,335
Si—H R;SiH 1,476
C—H RCHj3 1,096
R,CH, 1,073
R;CH 1,070
AJKeHbI 1,083
AJUTeHBI 1,07
ApomaTuyeckue CoeTMHeHUsI 1,084
AJIKVHBI 1,055
C—F AJTKaHbI 1,379
AJKeHbI 1,333
ApoMaTuyeckue coeIMHeHUs 1,328
cC—CCl AnKaHbl 1,767
AJIKEHBI 1,719
ApoMaTtnyeckue CoOeaMHEHUS 1,700
c—C Anmas 1,5445
AJIKaHBI 1,537
C—C=cC 1,459
C=C—C=C 1,450
Benzon 1,397
I'pacdur 1,421
C=C H3onupoBaHHast CBSI3b 1,335
C=C W3onrpoBaHHast CBS3b 1,202
C=—=N ITupunun 1,339
C=N C,H;CN 1,157
CcC—oO Anudatuieckuie ClipThl, 1,426
npocTbie 3(pupbl
C=0 AJbIeruabl, KeTOHbBI 1,215
C=0 CO 1,128
C=S Tuopen 1,718
C—Si AJKuICUIaHbI 1,870
ApuicUIaHbl 1,843

3HaueHus 7 TIOJYYeHBI YCPETHEHNEM TI0 TaHHBIM IS MOJIEKYJT OJIM3KOI CTPYK-
TYypBbI.
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Ta6mima 4.5. KosaneHTHbIe (Ry,;) ¥ BaH-I€p-BaalbCOBHI (Ry,;) paany-
bl 971eMeHTOB (A)

Atom Ry Rion Atom Ry Rion
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 P 1,80 1,10
I 1,95 1,33 As 1,85 1,21
O- 1,52 0,66 c— 1,70 0,77

o= 1,50 0,55 = 1,77 0,665
S 1,80 1,01 c= 1,78 0,6
Se 1,90 1,17 Si 2,1 1,17

4.4. NonapHOCTb XMMMUYECKMX CBA3EN

MBI yke 3HaeM, 4TO CBsI3M, OOpa30BaHHbIE 3JIEMEHTAMM, UMEIO-
IIAMU Pa3HYIO 3JIeKTPOOTPULIATEILHOCTD, MOISIPHBL. CMelleHne
MaKCUMYyMa 3JIEKTPOHHOI TUIOTHOCTH B CTOPOHY 0o0Jiee 3JIeKTPO-
OTPUIIATEIPHOTO aToOMa IPUBOMUT K TIOSIBJICHUIO IUIIOJBHOTO
MOMEHTa U = ¢/, TAe ¢ — MaplUMadbHbIN 3apsa Ha aTomax, a [ —
MEXBbsIAepHOE paccTosiHue. JIUMOIbHbBIE MOMEHTHI MPUHSTO U3-
MepaTh B gebasx (1 J = 3,3 x 1030 Ki/m). JUMOIBHBIA MOMEHT
CBSI3U — BEKTOD, HAITpaBJIEHHbBII BIOJIb CBsI3U. [1o coramieHuto,
HampaBJeHUe IUIOJIS BCeraa 0003HauaeTCsl CTPEJIKOM OT T0JI0-
KUTEJTBHOTO KOHIIA K OTpUIaTeIbHOMY. JIMITOTbHBIE MOMEHTBI
JIBYyXaTOMHBIX MOJIEKYJT OOBIYHO JiexxaT B auamnazoHe ot 0 mo 11 .
B taGnuie 4.6 npencraBieHbl 3HAYCHUSI JUITOJbHBIX MOMEHTOB
HECKOJIbKMX XUMWUYECKuX cBsizeil. OOparuTe BHUMaHUE Ha JIBa
UHTepecHBIX (pakTa. XoTs (pTop Oojee dAEKTPOOTpULIATEIbHBIN
3JIEMEHT, YeM XJIOP, TUITOJIBHBII MOMEHT BhIIe y cBs3u C— Cl,
ITOCKOJIbKY B HEl 3apsijibl pa3HECEHBI Ha OOJIbIIIEe PACCTOSTHUE —
cesi3b C—Cl na 0,4 A munnee cesisu C— F. [lumosbHbie MO-
MeHThl KpaTtHbIX cBs3eil C=X (X = C, O, N) 3HauuTeabHO
0oJIbllIe, YeM Y COOTBETCTBYIOIIMX OMMHAPHBIX CBSI3EH.
JAWTONMBHBIA MOMEHT TIOJMATOMHOM MOJIEKYJIBI SIBJISIETCS
BEKTOPHOI CyMMO# IUIIOTBHBIX MOMEHTOB CBsi3eil. B cBsizu
C BTUM MCKJIIOUMTEJIbHO BaXKHOE 3HAUCHUE MMEET CUMMETPUs



.]IC’ICMLI}Z 4. Tunvt u Xapakmepucmuku XumuvecKkux ceasell

@8 6 OP2aHUYECKUX MONCKYAAX

Taﬁ.mua 4.6. MC)K'I)HI[CI)HI)IC PaCCTOAHUA U JUITOJIbHBIE MOMEHTBI HE-
KOTOPBIX XUMHNYECKUX CcBS3ei

(0):3:1 Jlmana A Aunossiii
MOMeHT W, [T
cC—C 1,54 0
CcC=cC 1,34 0
C=cC 1,20 0
C—H 1,10 0,2—0,4
C—F 1,38 1,41
C—Cl 1,78 1,90
C—Br 1,93 1,80
CcC—oO 1,41 0,7—1,1
C=0 1,20 2,4—2,7
C—N 1,47 0,45
C=N 1,28 0,90
C=N 1,17 3,1-3,6
N—H 1,04 1,31
O—H 0,97 1,51
S—H 1,335 0,70

MoJieKyJibl. XoTs c¢Bsi3u C—O0 o4yeHb IOJIIPHbI, JIMHEHHAS MO-
Jekyna guokcuna yriepoga O=—C=0 HemojsgpHa — IUIOJIU
cBszeit C=0, HamnpaBJieHHbIE B TTPOTUBOIIOJIOXHbBIE CTOPOHBI,
KOMITEHCUPYIOT IpyT Apyra. BiwsiHue cUMMeTpUM OTYETIMBO
BUITHO ¥ B UBMEHEHMU JUITOJIBHBIX MOMEHTOB XJIOPMETAaHOB TP
MOCJIeI0BaTeIbHOM BBEICHUM AaTOMOB XJOpa B MOJIEKYJIY
(ta6m. 4.7). IomHocThIO cuMMeTpraHbIe MosteKybsl CH, u CCly
HE UMEIOT AUIIOJIbHBIX MOMEHTOB. B Mosiekysie mMeTwixiaopuaa
JIUTIONL HATpPaBJIeH BIOJIb CBSI3U. B Mojekynax auxjiopMeTraHa
1 TpuxjopmeraHa (xiaopocdopma) aumnonau cBsizeit C—Cl ya-
ctiuyHo, a B MoJjekyine CCl, MOJHOCTbIO KOMIIEHCUPYIOT APYT
Jpyra, YTO HaTJISIAHO TIPeACTaBIeHO Ha puc. 4.1.

Taﬁﬂnua. 4.7. HI/IHOJ'[I)HI)IC MOMCECHTLI XJIOP3aMECIICHHBIX METAHOB

Coenunenne r (I Coenunenne r (I)
CHy 0 CHCI, 1,10
CH;Cl1 1,86 CCly 0
CH,Cl, 1,55
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Puc. 4.1. Kaptsl pacnipeneneHusi 5J€KTPOHHON MJIOTHOCTH U BEKTOPBI TUTIOTb-
HBIX MOMEHTOB B MOJIEKYJIaX XJIOPMETaHOB

B Tabnune 4.8 nmpuBeneHbl AUMOJbHBIE MOMEHTBI MOJIEKYT
3aMelIeHHBIX 0eH30I0B. MHTEepecHO, HAalIpuMepP, OTMETUTD, YTO
IIpY BBeICHUN METUJIBHO TPYIIITBI B OCH30IbHOE SIAPO TTOJIOKM-
TeJTbHBIM KOHEII TUTIOJS HAXOMUTCS Ha METHJIBHOM aToMe yIJie-
poma. MeTuirbHas TPYIINa BBICTYIIAET KaK JOHOP 3JIEKTPOHOB ITO
OTHOILIEHUIO K apoMaTU4ecKoii cucteme. HecMoTpst Ha To 4To
3JIEKTPOOTPULIATEIBHOCTh KUCIOPOAA BhIIIE, YEM JIEKTPOOTPH-
1IaTeJIbHOCTH yIyieponaa, B Moyiekyie deHona (X = OH) momoxu-
TeJIbHBIM KOHEL AMIIONS TaKXKe HAaxOAMTCS Ha 3aMECTUTEE.
B aTOM Cilyyae JOMUHUPYIOIITYIO POJIb UTPAET dhghekm conpsiice-
HUs HETIOAEJIEHHBIX IMap 3JeKTPOHOB KKMCJIOpOoAa ¢ apoMaThye-
CKOIl cucteMmoii. Mbl paccMOTpUM MpuUpoAy 3Toro 3ggexra
B KOHIIE ATOU JIEKIIMHU. A OCTaJbHbIE 3aMECTUTEIN, TIPUBEICH-
Hble B Tabuuie 4.8, BBICTYIAIOT KaK aKLENTOPhI 3JIEKTPOHOB,
1 BBICOKUWIA TUTTOJIbHBIN MOMEHT HUTPOOEH30J1a SICHO YKA3bIBACT

Taonuna 4.8. /InnoibHbIe MOMEHTBI CEpMM MOHO3aMEIIEHHBIX OEH30-

J0B CgHsX
X n (D) X n (D)
H 0 Cl 1,55
CH; — 0,4 Br 1,52
OH — 1,54 I 1,3
F 1,57 NO, 3,95

CrpesnikaMu yKa3aHO HalpaBieHUe OTPULATEIbHOIO KOHLA JUMOJSL.
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Ha TO, YTO JIEKTPOHHASI IUIOTHOCTh B OEH30JIbHOM KOJIBLIE STOM
MOJIEKYJIbI CHJIBHO TOHIIKAETCS IO CPaBHEHUIO C OEH30JIOM.
B nmanpHeiiieM Mbl OyneM KMCIONb30BaTh JaHHBIE MO TUITOJb-
HBIM MOMEHTAaM JIJISI OLIEHKM TIOJIIPHOCTH CBsI3eit 1 3P PeKTOB
3aMEeCTUTEJICH.

JnnosibHble MOMEHTBI OINPEAESIIOT MHOTHE CBOMCTBA MOJIe-
KyJa1. Hammpumep, TUTIONBb- IUTTOIBHBIC B3aUMOICUCTBHUS, O KOTO-
PBIX MBI [IOTOBOPUM B CJIEIYIOLICH JIEKLIMU, TPUBOIAT K 3HAUK-
TEJIbHOMY MOBBILIIEHHUIO TEMIIEPATYP KUITEHMS, YTO JIETKO BUIETh
W3 JaHHBIX, MPEACTaBJIeHHBIX B TabauLe 4.9.

Ta6muma 4.9. Temriepatypbl KUTIEHUST BEIECTB OJIM3KON MOJIEKYISIp-
HOW MacChl, HO Pa3IMYalONIUXCsl 3HAYEHUSIMU JTATIONb-
HBIX MOMEHTOB

MoekyasipHas JlunoabHbIi T yn IPY HOPM.
Bemectso macca MOMEHT YCAOBHAX

(r/moub) n (D) (K)
[Mponax 44 0,1 231
JrMeTunoBblit a¢hup 46 1,3 248
Metunxnopun 50 2,0 249
AlleTajbaerus 44 2,7 294
ALIETOHUTPUIT 41 3.9 355

Ellte omHO BaxkHOE CBOMCTBO, CBSI3aHHOE C HAJIMYMEM Y COe-
MUHEHUST TUITOJBbHOTO MOMEHTa, — ero AUBJIeKTpuYecKkasi mo-
CTOSTHHASI €, KOTOpasl IOKa3bIBaeT, BO CKOJIBKO pa3 Cujia B3au-
MOJIEICTBUSI IBYX JIEKTPUUECKUX 3apsiIOB B BEIIECTBE MEHbIIIE,
yeM B BakyyMme. BeliectBa, objamaroniye 00JbIIUM JUTTOIbHBIM
MOMEHTOM, 00JIafaloT BRICOKMMHU 3HAaUCHMSIMU €. K HUM OTHO-
CUTCS OOJIbILIOE KOJUYECTBO MOJISIPHBIX OpraHWYeCKUX PacTBO-
purteneii. O4eHb BBICOKYIO MOUIJICKTPUUYECKYIO TTOCTOSTHHYIO
uMmeeT U Bona (e = 80).

4.5. NonapunayeMocTb XUMUYECKUX CBA3EN

BaxHoe cBOICTBO BelllecTBa — MOJMSPU3yeMOCTb. Iloaspusye-
MOCHIb — CHOCOOHOCHb 2AKMPOHHOL NAOMHOCHIL 8 MOACKYAE U3Me-
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HsAMb ce0e npocmpancmeentoe pacnpeodeaerue (deghopmuposamocs)
N00 BAUSAHUEM NPUAONHCEHHO20 BHEULHE20 IACKIMPUHECKO20 NOAS, YO
npueooum K NOSGACHUIO Y MOACKYAbl UHOYUUPOGAHHO20 OUNO.AbHO2O0
momenma. T1of NOISIPU3YEMOCTBIO YaCTHULLI TIOHUMAETCST KO-
(ULMEHT o, CBS3BIBAIOLIMI HANPSDKEHHOCTh 3JIEKTPUYECKOTO
nons E, 1eiicTBYIOLIEro Ha YacTUILy, C TUIIOJIbHBIM MOMEHTOM L,
00pa3yIOLIMMCS Y YaCTULbI ITOJ A€CTBUEM ITOTO ITOJISL:

u=oak, (4.1

I1e 0 — TEH30pHasl BeJMYUHA.
MHayuupoBaHHBIN (HaBEAEHHbBIN) AUITOJIbHBIA MOMEHT HC-
ye3aeT MPU BHIKIIOUYEHUU TT0JIs. Y TOJISIPHBIX MOJIEKYJI, 00J1ama-
IOLIMX TTOCTOSTHHBIM JUITOJIbHBIM MOMEHTOM B OTCYTCTBUE ITOJIS,
HaBEICHHbIM ITUITOJIbHBIA MOMEHT BEKTOPHO CKJIAJbIBAeTCsI
C IIOCTOSIHHBIM. B KauecTBe MOJISIPU3YIOLIETO I10JIsI MOXKET Bbl-
CTYIATh IT0JIe MEXIY IJIACTUHAMM KOHIEHCATOPa, a TAKXKe 3JIeK-
TPUYECKHUE T10JIsI, CO3IaBaeMble MOJSIPHBIMU WU 3apSKEHHBIMU
MoOJIeKyJaMU cpedbl (Hampumep, pactBopurest). Ilomspusye-
MOCTB IIPOITOPIIMOHAIBHA MOJICKYJISIpHOU pedpakuu MR:

MR = 4/3nN,0 (4.2)

B cBoto ouepens, MR cBs3aHa cooTHouieHUeM (4.3) ¢ moka-
3aTesieM MPEJTOMIIEHHUS 1

2
MR = 2’1711\4 (4.3)
n+2)—
(* +2)
rae d — IIOTHOCTh BelllecTBa; M — ero MoJjeKyJsapHas Macca;
N, — uncino ABoraapo.

B XUMAM valLe BCEro MoNApUsyeMoCTb BLIPAXAIOT B euHMLax obbeMa (cM1).

[MonsipusyeMocTh aToMa TeM OoJibllie, YeM OOJIbIle y HEro
3JICKTPOHHBIX 000JI09EK 1 YeM OOJIbIIIE 3JIEKTPOHHAS TNIOTHOCTh
(YacTMYHBIN OTpULIATENbHBIN 3apsia) Ha HeM. [lossipusyemoctu
KaTUOHOB 3HAYMTEJIbHO HMXE, M UX DJICKTPOHHBbIE 000JIO0YKU
neopMupyloTes ciabo. B mape aHMOH — KaTHMOH MpeuMylle-
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CTBEHHO IeopMUpyeTcs SJIEKTPOHHAS 000109Ka aHWOHA, a Ka-
TUOH BBICTYMaeT KakK Ne(MOpMUPYIOIIUI areHT, CUJIOBOE MOJie
KOTOPOTO TeM OOJIbIIIE, YEM MEHbIIIE €ro pa3Mepbl U YeM O0JIbIIIe
€ro TMOJIOXKUTENbHbIN 3apsin. HanmpspkeHHOCTH 31eKTpUYeCcKUX
ToJIel, CcOo3IaBacMbIX TOJIOKUTEIbHBIMU M OTPHULIATECIbHBIMU
MOHAMM Ha TUITYHBIX MEKMOJICKYIISIPHBIX PACCTOSTHUSIX (OT OfI-
HOTO JI0 HECKOJBKUX aHTCTPEM), MOTYT JOCTUTATh OTPOMHBIX
BeqMuMH. Hanbomnpluii BKaam B MOJSIPU3YEMOCTh AAlOT TOA-
BUXKHBIE 3JIEKTPOHBI BHEIITHUX 3JIEKTPOHHBIX 00004eK. [To3To-
MY MOBBIIICHHYIO TIOJISIPU3YeMOCTh MMEIOT JT-CBSI3U. MoJeKy-
JIsIpHas pedpakus coOenMHEHUS MOXKET OBITh BBIpakKeHaA CyM-
MOU BEeNMWYMH pedpakivii aTOMOB WJIM CBS3€H, BXOISIIMX
B COCTaB €ro MOJIeKyJbl. 3HaUeHUs pedpaknil HEKOTOPbIX aTO-
MOB U CBsI3eit mpenctaBieHbl B Taoauie 4.10. OHU CUBHO Me-
HSTIOTCSI B 3aBUCHUMOCTH OT TOTO, B KAKUX CTPYKTYPHBIX ITOJIOXKE-
HUSIX 3TH aTOMBI U CBSI3U B CJIOKHOM MOJIeKyJe HaxonsTcs. [103-
TOMY TIPUMEHSITh BBIYMCJIEHHBIE TI0 AIIUTUBHBIM CXeMaM
3HaYEHUs MOJIEKYISIPHBIX pedpakiuii 11 OLUEHKU MOJIsIpUu3ye-
MOCTEN MOJIEKYJN ClieayeT ¢ OOJbIION OCTOPOXHOCThIO. Ho mis
KaueCTBEHHBIX OLIEHOK TaKOW MOAX0J OYeHb MOJIE3eH, U MBI €TO
HCIOJIb3yeM MpUu paccMoTpeHuu npuHimna 2KMKO.

Taommua 4.10. Pedppaxkiimy HEKOTOPBIX AaTOMOB U CBS3€ii

Atom F O N Cl Br I
Rp 0,81 1,764 2,744 5,821 8,741 13,954

Cssi3b Rp

C—F 1,44
cC—oO 1,54
C=0 3,32
C—N 1,57
C=N 3,76
C=N 4,82
c—cC 1,296
CcC=C 4,17
C=cC 5,87
C—S 4,61
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[Monsipu3yeMOCTh UTpacT OMPENeISTIONIYI0 POJb B ONTHYE-
CKOM aKTUBHOCTU WM IPYTMX ONTHYECKUX CBOMCTBAX BEILECTB.
OHa ormpenessieT TaIbHOASUCTBYIOIINE CHITBI IIPUTSKEHUS MEK -
Iy HEUTpaJTbHBIMU aTOMaMU W MOJIEKYJIAMU, KOTOPbIE MBI OyIeM
paccMaTpuBaTh B CICAYIOIICH JICKIIAN.

4.6. MonekynsapHble opbutanu
MHOrOaTOMHbIX MOMEKYN

4.6.1. Meraun

4 nonararo, 4to Bbl 0€3 TpyAa CpaBUTECh C MPOCTOU 3amaueit
rnoctpoeHust auarpammMbl MO m1st MoJiekyJibl MeTaHa. [TocTpoii-
Te KyO W BIUIIKMTE B HETO TETPadAp, IIOMECTUB YETHIpE aToMa
BOJOPOJA B €r0 BEPIIMHBI U aTOM yTjepoaa B ero neHtp. Hux-
HI0I0 cBsi3bIBatolyio MO Jierko moCTpouTh Kak cymmy 2s-AO
yriaeponaa u Bcex yeTbipex 1s-AO aTomoB Bogopona. Tpu cBsI3bI-
Baromx MO, Kaxnass U3 KOTOPBIX MMEET ONWH Y3eJ, JIETKO
cTposATCS Kak KomOuHauuu 2p-AO yraepoaa ¢ napamu 1s-AO
BOIOpOAA C COOTBETCTBYIOIIMMM 3HaKamMu. CTONb Ke IPOCTO
IMOCTPOUTH U Bce ueThipe paspbixisioninx MO. PesynbraT Ham
yxXe u3BecteH. OH OBLT MOKa3aH Ha puc. 3.27 B IpeabIoyIIeid
JIEKIIUU, U s1 BOCIIPOU3BeELy ero elie pa3 (puc. 4.2):

IMoctpoenue Takux nuarpaMm MO mig 60s1ee CJIIOKHBIX MO-
JIEKYJT TakKKe He CIIMILIKOM CJ0XHOE JeJ0, HO OHO TpeOyeT Ha-
BBIKOB U TPEHUPOBKMU. £ Mymalo, 4TO B Kypce KBaHTOBOI XUMUN
1M Ha CEMUHAPCKUX 3aHSTUSIX Bbl TaKME HABBIKM MpPUOOpETeTE.
Hama 3agaga B 3ToM Kypce — IIPHUOOPECTH YMEHHE ITOJIb30BaTh-
cs TAaKUMM IUarpaMMaMu, U3BJIeKaTh U3 HUX HEOOXOIUMYIO Ka-
YeCTBEHHYIO MTH(MOPMAIIHIIO.

Monpo6yem noctpounts guarpammy MO Ans rMnoTeTMHECKO NNOCKOM MONEKY bl
CHy (cvmmetpus Dyp) 1 oLeHUTb BO3MOXKHOCTL €e CyLLIeCTBOBaHWA. DTa 3aJava TpyA-
HOCTEM He BbI3bIBaeT. fICHO, YTO caMyto HM3KYytO sHepruto Byget umets MO, noctpoe-
Has u3 2s-AO yrnepoga u yetbipex |s-AO aToMoB BOAOpOAa, He COAepiKallan y3os
(puc. 4.3). Boiwe no sHeprum ByayT pacnonoxceHbl Age BblpoxaeHHsie MO, noctpo-
€HHble U3 2Py~ 1 2py-AO yrnepoga u asyx nap |s-AO atomoe Bogopoga. Ele Bbiwe
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+431 Kxkan/Mousb
PasphIXISIONINE

+402 kKan/Moinb

T

—304 kKa/MOJb cps3pIBaOLIIE

LIk

—538 kKaji/MoJb

Puc. 4.2. luarpamma MO MoJieKyJibl METaHa

6ynet pacnionarateca 2p,-AO yrneposa, KOTOpas He MPUHUMAET y4acTUA B CBA3bIBA-
HAW. DU YeTbipe MO GyayT 3aHATbI Napamu anekTpoHos. B3MO B nnockoM MeTae
OKa3bIBAETCA 3aHATON HEMOZeNIeHHOM Napoit 3nekTpoHoB. Paspbixnatowme MO nMetot
BMZ, TaK)Xe MOKasaHHbIM Ha puc. 4.3. TakuMm o6pas3oM, B NNOCKOM MeTaHe B o6pasoBa-
HUM CBA3EM C aTOMaMM BOAOPOJA MPUHWMAIOT yHacTMe /WLLb LIECTb M3 BOCbMM 3JieK-
TpoHoB. [1o3ToMy 3Heprust Takoi cTpykTypbl Ha 573 k[x/Monb (137 kkan/Monb) BbI-
Llle, YeM SHeprus TeTpasApuUHeckomn KoHdUrypaumn. To MHOTO GonblLue, YeM SHeprus
cBasu C—H (104 kkan/Monb), a NOSTOMy Takas CTPyKTypa AO/DKHa ObiTb MeTacTa-
OunbHoii (HeycToitumBoi) 1 ByaeT pacnagaTbes.

Ho Takoe 4MCTO KayecTBEHHOE PaCCMOTPEHME Ha YPOBHE MOCTPOEHWA AMarpaMMbl
MO B AeiiCTBUTENBEHOCTM He AAeT HaM TOYHOrO OTBETA Ha MOCTaBJeHHBIN Bonpoc. 3
HEero He ACHO, CyLLECTBYeT N1 JoKasbHbIA MHMMYM [T ana nnockoi cTpykTypbl,
a eC/1 TaKoW MUHUMYM eCTb, KakOBbl Gapbepbl, OTAENAIOLLME €ro OT APYrUX COCEAHNX
MUHUMYMOB. TeopeT4eckoMy aHanmsy npobnieMbl MAOCKOro yrnepoaa, KOTOpYo
Bnepeble copmynupoan P. Xoddmann B 1970 r., noceAlleHO MHOXeCTBO paborT.
PacueTbl BbICOKOTO YPOBHA MOKa3bIBAOT, YTO MIOCKON CTPYKType He COOTBETCTByeT
Toukm akcTpeMyMa Ha MIM3. Moctpoenue cevenms takoir MM no koopauHare, coot-
BetcTBytolent ceasn C——H, nokasano, 4To Takas CTPYKTypa JIeXWUT «Ha CK/IOHe XOJl-
Ma». OHa AeiicTBUTENbHO Nerko pacrnagaetca Ha paaukan CH3 u atom Bogopoga H*
c Bbigenennem 50,2 kkan/monb. Ho Ha IMMN3 MoXHO HaiTh NoKanbHbIA MUHUMYM Ans
nnockoi cTpykTypbl ¢ cummetpuent C,, (cM. puc. 4.38), KOTOPpbI NeXUT Ha
12,2 kkan/Monb HWKe MIOCKOro KBaZpaTHOrO MeTaHa. |eOopeTUHecKkuii aHaiu3 noka-
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b )% H. 6, H  Ou£HCH)=92°

0,(£HCH) = 129°
P &P Y A
I, % (CH) = 1,166

a 6

Puc. 4.3. [luarpamma MO 110CKOTo KBaJipaTHOTO MeTaHa (@), TUIoCKasi CTPYKTY-
pa ¢ cummerpueit Dy, (6) u ctpykrypa ¢ cummerpueit C,,,, KoTopoit
COOTBETCTBYET JIOKaJIbHbIII MUHUMYM Ha [1I1D (8)

3an, YTO BapbMpOBaHUEM CTPYKTYPHbIX U 3N1€KTPOHHbIX q)aKTOPOB MOXHO MOCTpOUTb
MOneKynbl, ANA KOTOPbIX rno6aanor4y MUHUMYMY 6yp,eT COOTBETCTBOBaTbL reoMeTpusa
C NJIOCKMUM YrnepooM. TPVI TaKue CTPYKTypbl, NpeAsIoXKeHHble akaJeMUKOM B.N. Mun-
KWUHbIM U €ro COTpyAHUKaMU, NOKasaHbl Ha puc. 4.4,

H\ H H H H\ H
B el P B -
> w\CK \c/(
B~ B~ B =~ B

/ / AN N

H H H H H H

Puc. 4.4. MoJieky/sipHbIe CTPYKTYPBI, U1 KOTOPBIX 110 JAHHBIM PACYETOB BBICO-
KOTO YpOBHsI TyiobaibHOMY MUHUMYMY [II1D cooTBeTCTByeT reome-
TPUSI C MJIOCKUM LIEHTPAJILHBIM aTOMOM YTJIeposa

Moka 3T1 MoneKysibl He CUHTE3UPOBaHbI, HO, CriefyA 33 TEOPETUKAMU, XUMUKMI-CUH-
TETUKM He OCTaBJIAIOT MOMbITOK MOJY4UTb YCTOM4MBbIE MOJMIEKYJIbI C MIOCKUM Yriepo-
ZIOM, CyLLEeCTBOBaHWE KOTOPbIX BpocaeT BbI3oB Knaccuyeckoi runotese Bant Modda
n Jle bensa o Tetpasgpuyeckom yrnepoae. M Takvue nombITKM OKasanmuch ycrneLHbIMU1
B TEX C/lyHasX, KOrAa B Ka4ecTBe aTOMOB-MAapTHEPOB MpU MIOCKOM YrfiepoAe BbICTymMa-
IOT aTOMbI NepeXOAHbIX MeTanoB. HeckonbKo yxke NomyHeHHbIX COeAMHEHNI noKasa-
Hbl Ha puc. 4.5.
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Puc. 4.5. MCTaﬂHOOpFaHI/I‘{GCKI/IG KOMIUJIEKCHI C TNTaHAPpHBIM aTOMOM YTIJjIepoaa

C npo6J1eMOii MIaHAPHOTO YIJIEPOAa Mbl €Lle BCTPETUMCH
B ONHOW M3 CJIEAYIOIIMX JEKIMIA TIPA OOCYKIEHUNA CTPYKTYPhI
U CBOWCTB (PEHECTPAHOB, YIJIEBOLOPOAOB, CTPOEHUE KOTOPBIX
HaloOMUHAaET paMy OKHa (puc. 4.6).

4—3(HC)—C®~(CH,),_3
Cot, 1— CO_ C(x,3

n3(H,C)—C**(CH,),,_3

Puc. 4.6. Ctpykrypa deHeCTpaHOB HalTOMHUHAET pamy oKHa (Hassavue npoucxo-
[WT OT naTuHckoro fenestra — okHo.)

Bonee rny6okoe obcyxaeHne npobneMbl NIOCKOro yrneposa Aaneko BbIXOAUT
32 paMKU HalLiel NporpaMMbl. TeM, KTo Xo4eT 6onee AeTanibHO BHUKHYTb B Hee, s Mory
peKoMeHAOoBaTb XOpOLLYytO KHUry, BbiweAwyto B 2009 r. B usgarensctee Wiley nog
pepakuven XeneHsl omxyr u c npegucnoenem Poanbpa XoddmanHa, «Strained
Hydrocarbonsy.

4.6.2. DTan

B o6pazosanuu cBsazeit C— C u C— H B 3T0If MoJieKysie TPUHU-
MmartoT yyactue 8 AO IBYX YIiepOAHbBIX aTOMOB 1 6 AO aTOMOB BO-
Jlopoja, U3 KoTophix oopasyercs 14 MO. JlecsTh HUZKHUX U3 HUX
(7 cBsa3pIBaIOIIMX U 3 pa3phIXJISIONIMX) MOKa3aHbl Ha puc. 4.7.
OOpartuTe BHMMaHUE Ha Clielylollee BaxKHOE OOCTOSITEILCTBO.



4.6. MonexyaspHbie opoumany MHO20AMOMHbBIX MOACKY

3y3na

2 y3na

1 yzen

Puc. 4.7. luarpamma MO Mosiekynbl dTaHa. [TyHKTMpPOM OTMeueHa TpaHulia
MEXKIy CBSI3bIBAIOILIMMMU U Pa3pPhIXJISIOLUIMMU OPOUTATISIMU

Ha oduazpamme MO 3moeo nacviuieHno2o yeaeeo00pooa nos6.4s-
1omcs ceéazviearougue u paspoixasiouwue MO w-cummempuu!. [eii-
CTBHUTEJIBHO, BCe TPU3HAKU IS JT-OpOMTAalieil, 0003HAYEeHHBIX
Ha 3TOM AMarpamMe Kak It Ty, JT, M I, IPUCYTCTBYIOT — 3JIeK-
TPOHHAs TUIOTHOCTb B IUIOCKOCTU cBsizu C—C paBHa HYJIO
¥ BOJIHOBBIE (PYHKLIMU 3TUX MO OTHOCUTENIBHO 3TOH MJIOCKOCTHA
aHTUCUMMETpUIHBL. CeMb Tap 3JIEKTPOHOB 3aHMMAIOT BCE CBSI-
3piBatoIue MO.

4.6.3. DTuien

Huarpamma cBssbiBaoiux MO 1 HuxkHell BakaHTHO MO mist
ATUJIEHA TToKa3aHa Ha puc. 4.8. Ha Heli sicHO BUAUM aBa TUIIA
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Casi3bIBaloLe
opbuTtanu
O-CKeJleTa

Puc. 4.8. [luarpamma MO MosekyJsibl aTuiieHa. [TokasaHbl cBs3biBatolme MO
" HYKHsIs BakanTHasg MO. 'paHuia Mexay HUMM TOKa3aHa MyHKTH-
poM

n-MO. bonee rtny6oko nexar m-MO, obpasoBaHHBIE 2p,-
u 2p,-AO yriepona. BepxHsist 3aHsITass M HVDKHSISI BaKaHTHast
MO — 370 TT-0pOUTaIU ABOMHOM CBSI3U, 00pa30BaHHOI Ipu 60-
KOBOM nepekpbiBaHuu 2p.-AO yriepoza.

H3 smux npumepoé euono, umo 1- MO moeym ynacmeosams u 6
obpasosanuu o-cxeaema moaexyavt! O0biMHO 8 HAYHHBIX MEKCMAX,
Ko020a peuv udem o maxux opoumaasx, 3mo ocobo ozosapueaemcsi.
Ho 0asa moeo umobbt He cnymamo ux ¢ T-0poumMaisimu KpamHuoix
ceszell, 6ydbme ocobenHo éHumamenvuot!

4.7. MonekynsapHble opbutanu
MHOrOaTOMHbIX Monekyn. MloH MeTtonna CH;

Hcropust OTKPHITUS M U3YYEHUST CTPYKTYPHI 3TOIl 3amMedaTelib-
HOI yacTUlIbl OYeHb MHTepecHa. BriepBble oHa Oblia 3apuKcU-
poBaHa B Macc-criekTpax B 1952 r. B.JI. Tanbpose. MeToHUEBBII
MOH JIETKO FeHePUPYETCsI B MOHU3ALIMOHHOM KaMepe MacC-CreK-
TpoMeTpa. MoJeKyabl MeTaHa TOIBEPTaloTCsl 3JIEKTPOHHOMY
yaapy, perepreBast Ipyd 3ToM MoHu3amuio. OnHako obpa3syio-
LMiicst KaTuoH-paaukan Mmetana CHj kpaitHe HeycToiiunB. OH



4.7. Monekyaapubie opoumanu MHO2OAMOMHBIX MOAEKYA.
Hon memonus CHE 2

HEMEIJIEHHO BCTYMAeT B MOH-MOJEKYJSIPHYIO peakldio ¢ He-
TpaJbHOI MOJIEKYJIOM Me€TaHa, IepenaBas €l IpOTOH:

CH,+e — CHi" +e-
CH;" + CH,— CH: + CH;

Takum obpa3oM, KatrmoH-pagukain Metrana CHj Bemer cebs
COBEpIICHHO aHAJOTMYHO MOoHY HY, o yeM s yxxe roBopms BaMm
Ha Tipenbiaymeit Jekunn. Co3naBast 3HAUNTEIbHBIC KOHIICHTpa-
MY MOHA METOHUS B Ta30BOM (ha3e, Jajee ero MCIOIb3YIOT KaKk
HUCKITFOUNTEIIPHO CUJIBHYIO OPEHCTEIOBCKYIO KUCIIOTY IJIST TIPO-
TOHMPOBAHMSI APYTUX OPTaHWICCKUX MOJICKYT B CTaHOAPTHOM
METOIC XWMHWYECKON WMOHM3allMA B MAacC-CIICKTPOMETPUU.
DHeprus IIPOTOHUPOBAHUS MeTaHa B Ta30BOWl (ha3e (maHHBIC
MAacC-CIIeKTPOMETPUM HMOH-IIMKJIOTPOHHOTO pe30HaHca) CO-
craBisieT 126 KKaix/MoJIb!

MeToHMEBBI MOH 00pa3yeTcs W IIPH IMIPOTOHUPOBAHUM Me-
TaHa B CYNMEPKUCIHIX cpefaX. [1py MpOTHUPOBAaHUU APYTUX ajl-
KaHOB TakXke 00pa3yloTcs MOHBI MOTOOHOIO CTPOEHUSI, TIPETEP-
TeBaoIINe ajee pa3HOOOpa3HbIe MPEBpAIIeHUsI, ¢ KOTOPBIMU
MBI TTO3HAKOMHUMCS, KOTIa OyIeM U3y4JaTh COBPEMEHHYIO XUMHIO
aJIKaHOB.

CynepKk1cnoTbl — BeLLECTBA UM UX cMeck, DYHKLMA KUCTIOTHOCTM KOTOPbIX Npe-
BbiwaeT ¢yHkumo kucnotHoctn 100% cepHoit kucnotsl (Hg = —12,2). K ux wmucny or-
HocaTca ¢TopcynbdoHosaa kucnota FSO3H, ee cMech ¢ neHTadTOpMAOM CypbMbI,
TpoiHaa cMecb (kmgkuin SO, + FSO3H + SbFs) u pag apyrux GpencrepoBckmx
KUcnor.

Jlaypeat HobeneBckoit mpemun Jxkopmk Oma moxkasal, 4To
CYMEPKUCIOTH CIIOCOOHBI IIPOTOHUPOBATH AJIKEHBI C 00pa30oBa-
HUEeM KapOeHUEeBBIX MOHOB, KOTOPBIC B 3TUX Cpelax, He Comep-
JKaIX HYKJI€O(WIHbHBIX aHHOHOB, MOKHO HaOJIIOIATh M MCCIC-
JI0BaTh MPpU HU3KUX TeMIlepaTypax ¢ momoiibio AMP.

FSO;H — SbFs R%H—Me

RCH=CH, —i—g

Oka3ajaoch, YTO MOJICKYJISIDHBIM BOMOPOI B TaKMX Cpelax
MpeTeprieBacT U30TOMHBII OOMEH Yepe3 MPOoMeXKYTOUHOe 00pa-
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Ona Dxopax

(popunca 22.05.1927 r.)

Poaunca B BypanewTte B ceMbe ajBokata.
OkoHunn byganelutckuin yHuepcuteT u Bbi-
CTPO cAenan Kapbepy, CO34aB WcCCrefoBa-
TeNbCKyto N126OpaToOpuio 1 CTae 3aMecTuTe-
nem aupektopa MHCTUTYTa XUMUYECKUX UC-
cneposanunit AH Benrpun. Mocne nsBecTHbIX
BeHrepckux cobbitui oktabps 1956 r. emy
yAanoch ¢ ceMbeit yexatb B JTOHAOH, a 3aTeM
nepebpatbea B KaHagy, rae |0 net oH npo-
paboTtan B MpoMblilNeHHON nabopatopuu,
MOMy4MB AECATKM MATEHTOB M 3aHWMAACh

«aKaZ,eMU4ecKoM HayKoiy JuLib B cBOBOA-
Hoe BpeMa. Jluwb B 1965 r. eMy yganock no-
ny4ntb paboty B Knuenenae, wrat Oraito, a 3aTeM nepebpatbcs BMecTe Co BCEi rpyn-
noit B Jloc-Anpxenec. Jlaypeat Hobenesckoit npemun no xumum 1994 r. «3a eknag
B XMMUIO KapBOKaTMOHOBY

30BaHUE€ HMOHa H'3", a METOHMEBBIN HNOH, BOSHI/IKaIOH.[I/Iﬁ IIpu
MPOTOHUPOBAHUM METaHa, pacragaeTcs ¢ oOpa3oBaHUEM Me-
TUJIBHOTO KaTUOHA 1 OTHICTVICHUEM MOJIEKYJISIPHOI'O BOOOPOaA:

H o [H ® H ®

| +D¥=| »>-D| = | +H

H H D

H ©]

e @
CH, + H® = |H,C--< =CHY + H,
H

KBaHTOBOXMMMUECKHUE PACUETHI CTPYKTYPHI M CBOMCTB KaTH-
OHa METOHMS MPOBOAWINCH PA3HBIMU aBTOPAMU B TeueHUe 60-
Jiee TIoJyBeKa C MCIOJIb30BaHMWEM Bce 0oJjiee TOUHBIX METOMOB.
[To maHHBIM CTaHMAPTHBIX pacueToB B mpubamxkeHuu bopna —
OrnmnenreiiMepa, TpU CTPYKTYPHI, IpUBEAeHHbIE Ha puc. 4.9, nBe
U3 KOTOPBIX UMET cuMMmeTputo C, (3acIOHEHHass U CKOLIEH-
Has), a onHa — cumMmeTputo C,,, OYeHb OJIU3KU MO SHEPIUU.
(4 B3s1 9TOT PUCYHOK M3 TpekpacHoil padboTel X. Tammkasa
u A. Opp-EBunra (Tachikawa H., Orr-Ewing A.J. // J. Phys.
Chem. A., 2008, 112, 11575—11581).) 'nobanbHOMY MUHUMYMY



4.6. MonexyaspHbie opoumany MHO20AMOMHbBIX MOACKY 2\)

@

H, +0,43
R; CaepnyTas Cg

H, +0,39

H,” +0.,41
R; 3acnonenHas Cg

H’ +0,41

Hy +046 C

Hy +0,40

Puc. 4.9. CTpykTypbl, COOTBETCTBYOIIME MUHUMYMaM Ha [1I1D noHa CH;’, no-
JIydeHHbIe B pacuerax Ha ypoBHe MP2/6-311++G(d,p). [NpuBeneHs
TaKXe 3apsijibl, pacCYMTaHHbIe 10 cxeme NBO

Ha [IT1D cooTBeTcTBYeT BepxHss CTpykTypa. Ho moBepXxHOCTb
noreHunanpHOi 3Heprun (I1I1D) 3Toro moHa oKa3biBaeTCs
CTOJIb TIJIOCKOM, YTO aTOMBI BOIOPOIA MPAKTUYECKU CBOOOIHO
0OMEHUBAIOTCS TIOJIOXKEHUSIMU B HEM. DTOT MOH OTHOCHUTCS



./YGKMLI}Z 4. Tunvt u Xapakmepucmuku XumuvecKkux ceasell
8 OP2aHUYeCKUX MOoAeKyaax

&

K YMCITy TaK Ha3bIBAEMbIX CIMEPEOXUMUYECKU HENCeCIKUX CUCTeM
(MX MHOTIa HAa3bIBAIOT TAKXKE (AYKMYUPYIOWUMU, <MEKYHUMU» —
Sfuxional). C HUIMU B OpaHUYECKOIM XMUMUU MbI BCTPETUMCS €l1lie
He pas.

KoppekTHoe omnucaHue IMHAMUYECKON CTPYKTYPhl METOHM-
€BOr0 MOHA TPeOyeT COBMECTHOIO PEIleHUs TMHAMUYECKOM 3a-
Ja4¥ [Jis1 DJIEKTPOHOB U sinep. Taxum o6pazom, 30ect mol 6nepevie
cmaaxueaemcs ¢ cucmemoti, 2oe He pabomaem npubausxcenue bop-
Ha — Onnencetimepa!

C kjaccuveckoil Touku 3peHus B katuoHe CHY mbl nMeeM
JIEJIO C MITUKOOPIUHUPOBAHHBIM <«TUIIEPBAJIEHTHBIM» YIJIEPO-
IoM. B TepMmHax KiacCM4ecKMX IPEACTaBICHUI CTPOCHUIO
9TOr0 MOHA JIy4llle BCETO COOTBETCTBYET CTPYKTYpa C AeIOKAIM-
30BaHHOI ABYX3JEKTPOHHON TPEeXUEHTPOBOI CBsA3bIO (2e,3c),
B KOTOPOM MeTHJIbHBIN KaToH [CH;]™ cBs3aH ¢ MoJieKyJoii Bo-
nopona. O6palalo Ballle BHUMaHKUE Ha OIPEIeICHHOE CXOICTBO
ATOM CTPYKTYPHI CO CTPYKTYPOIl TpeyroibHOro nona Hj.

4.8. HeobbI4HbI BULMKIMYECKUiA
MOCTUKOBbI MOH Kap6eHus

N3 kypca HeopraHM4ecKoil XUMUU BaM U3BECTHbI MOCTUKOBBIE
JIByX2JIEKTPOHHBIE TPEXLIEHTPOBbIE CBSI3W B 3JIEKTpoHOAEhU-
HUTHBIX Tuapuaax 6opa. Co ctpykrypoii aubopana B,Hg BbI yke
BCTpevaauch. B Hell mpuCyTCTBYIOT IBE MOCTUKOBEIE (2¢,3¢)-TH-
npunHbie cBs3u w-B—H:

97 H 131 pm
H”"‘B B“"'H o
H1 . H
119pm H 83

B 80-x rr. mpomnuioro cToieTHsl B JUTEPAType IMOSIBIINCH
MepBble CBEACHUSI O BO3MOXHOCTHU CYILIECTBOBAHUSI MOCTUKO-
BBIX THUAPUIHBIX CBA3EHM MEXIY ABYMsS aTOMaMU YIJEpOIa.
4 pacckaxy 31eCh TOJIbKO 00 OAHOI U3 pabOT, BHIMOJHEHHBIX Ha



4.8. Heobbiunblit Ouyukauteckuii MOCIMUK0Bblil UOH KapOeHUs J

3aBeplIalolIel CTaAuKu pa3BUTUSI 3TOTO HampaBjeHusl mpodec-
copom MakMyppu.

MakMyppu OTKpbIN U paspaboTan 4O ypOBHA CMHTETMYECKOrO MeTozla 3aMeva-
TeNbHYIO PeaKLMo BOCCTaHOBUTENIBHOTO CABaMBaHWA KapOOHWIbHBLIX COeAMHEHUI,
NpMBOAALLYIO K ankeHaM. B kavyecTse BoccTaHOBMTENA B Hell MCMONb3YIOTCA coeayHe-
HWUA HU3KOBAJIEHTHOrO TWTaHa. Mbl ellle He pa3 BCTPETUMCA C 3TOW peakuueil B HalleM

Kypce.

B3sB B KauecTBe UCXOIHOTO COSAMHEHUST IMKIMYECKUI alb-
JerugokeToH (1), aBTOp CUHTE3UpOBall HeNpeAeabHbIN Ou-
HUKJINYECKUI yraeBogopon ounukio[4,4,4]-tetpageueH-1 (2)
(puc. 3.6), B koropom oxHa u3 cBsizeil C— H «cMOTpUT» BHYTph
noJjioctu. B aTOM ciydae peakiius poIiuia BHyTPUMOJICKYJISIPHO
¢ BeixoaoM 30%. OGpa30oBaBLIMICS OMIIMKIMYECKUI alkeH (2)
TIPOTOHMPYETCS OUEHB JIETKO C 00pa30BaHUEM YCTOMUMBOTO IIPHU
KOMHAaTHOI TemriepaTtype (!) MOCTUKOBOTO OUITMKINIECKOTO Ka-
TtoHa (3), CTpoeHUe KOTOPHIi OBLIO J0Ka3aHO MeTomoM SIMP.
Boiee Toro, okazaioch, 9To MpeaeabHbIN yriieBogopo (4), Ko-
TOPBII OBLT IMOJTYYCH KaTATUTUUECKUM TUIPUpPOBaHUEM (2), pe-

CHO
TiCls, Zn/Cu
_—
30%
0
?2)
(1) o
H,/Pt @ H*
e — H — i
_H2
@ ) 3

Puc. 4.10. Cxema cuHTe3a CTAaOMIBHOTO OUIIMKINYECKOTO KapOEHMEBOTO MOHA
C MOCTUKOBOIA (2€,3C)-TUAPUIHON CBI3bIO
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+
H* H| -H

C) ) 3

Puc. 4.11. [Tapa snekrpoHoB cBsizu C— H, KoTopasi CMOTPUT BHYTPb MOJOCTH,
«BBITAJIKMBACT» MOJICKYJTy BOIOPOJIA «yIapOM B CITHY»

arupyeT ¢ CUJIbHBIMHU KUCJIOTaMU moaooHo Metaury! OH B3au-
MOJIEMCTBYET C TPUMPTOPYKCYCHOU KUCIOTOU MPU KOMHATHOM
TeMrepaType C BbIOEJICHHUEM BOJAOpOJa, oOpasdys TOT Xe CTa-
OUJIbHBIN KaTUOH (3)!

Kak 1 moueMy cTOJIb JIETKO MPOTEKAET 3Ta UBYMUTEIbHAs pe-
akumst? Ecau Mbl BEMOMHUM O CITIOCOOHOCTH METOHMEBOTO MOHA
pacrnanaThbCes ¢ BbIAEIEHUEM MOJIEKYISIPHOTO BOAOpoaa (CM. BbI-
111€), TO CMOXeM TaK MPeaCTaBUTh cebe cxeMy MPOTeKaHUs Mpo-
1ecca (puc. 4.10).

CHauajna mpoxoauT rnpotoHupoBaHue (4) mo C,; ¢ obpazoBa-
HIUEM B KauyeCcTBe MHTepMearaTa KapOOHHeBOTo MoHa (5), mpu-
polla KOTOPOTO CXOIHa ¢ Mpupoaoit MetoHneBoro moHa CHY,
a 3aTeM OTILUEeIUIeHWEe MOJIEKYISIPHOTO BOAOPOJA MPU «HYKJIEO-
(unbHOM comeicTBUM» Tapbl 3JEKTPOHOB TOM caMOl CBSI3U
C—H, xoTtopast CMOTPUT BHYTPbH TOJIOCTU U <«BBITAJIKMBACT»
MOJIEKYJIY BOIOPOIA «yIapoM B CIIHY» (puc. 4.11).

4.9. KoMnneKcbl ankeHOB € NepexoHbIMU
metannamu. Conb Lleiize

CocoOHOCTb aJIKEHOB, AMEHOB, apEHOB U OPYIUX Hempenesb-
HBIX OPraHUYeCKMX COEIUWHEHWI O0O0pa30BbIBATH YCTOWYMBbIE
JT-KOMIUJIEKCHI C TIEPEXOAHbIMU METaJIaMU U3BECTHA C TeX Jia-
JIEKUX BPEMEH, KOr[a elie He CYIIeCTBOBAJIO KJIACCUYECKON
CTPYKTypHOIi Teopui. [1epBblit 01eDUHOBBIN KOMIIIEKC MJIaTH -
Hol K[Pt(C,H,)Cl;]H,0 6bu1 ciyyailHO mojiydeH JaTCKUM XU-
mukom B.K. Leiize eme B 1827 r. nipu u3yyeHUM peaxkiuu Te-



4.9. Komnaekcol ankenos ¢ nepexoonvimu memaniamu. Conw lleiize

H(1)

Cl

H#)

Puc. 4.12. Crpoenne anuoHa conu lleii3de 1Mo HaHHBIM HeWTpoHOrpadhumn
(1975r.)

Tpaxyopuaa riatuHbl PtCl, ¢ kunsium ataHosnoMm. Lleiise, B To
BpeMs mpodeccop KomeHrareHCKoro yHWBepcHTeTa, HE MOT
OITMCaTh €r0 CTPOCHME, HO BhICKA3aJl IIPEAMNOJIOKEHUE, YTO ITa
KenTast conb coaepXuT atuieH. bonee 100 et crycts, Koraa
CTPOEHME 3TOTO COECAMHEHUS OBIJIO YCTAaHOBJIEHO, 3TO TIPEITO-
noxeHue oOnectsine noaTeepauiaock. B annone [Pt(C,H,)Cl;]~
MOJIEKYJIa 3TUJICHA 3aHUMAET OJHO U3 KOOPANHALIMOHHBIX MECT
B TIJIOCKOKBAJIpPaTHOM KOMIUIEKCE TUTaTUHBI. [10 JaHHBIM Heli-
TpoHOoTrpaduu ojeH OPUECHTUPOBAH TIEPICHINKYIISIPHO TIO-
ckoctu dparmenta PtCl;, csisp C—C ymauHena (1,37 A) o
CPaBHEHUIO C €€ BEJWYMHON B CBOOOJTHOM 3TUJIEHE, a aTOMBI
BOIOPO/Aa BBIBEICHHI U3 IJIOCKOCTU B CTOPOHY OT aTOMa MeTall-
Ja 1 yron Mmexay asyms ruiockoctsmu CH, cocraBisier 146°
(puc. 4.12).

Ceiluac M3BECTHO U JIETAIBHO MCCIIEIOBAHO HECKOIBKO CO-
TEH KOMIUIEKCOB Pa3IMIHBIX OJIC(PUHOB C CAMBIMH PAa3HBIMHU TIC-
pPeXOMHBIMU MeTajuiaMu. sl OONBITMHCTBA U3 HUX COXPAHSIET-
Cs1 TUTI CTPYKTYPBI, CXOIHBIN co cTpyKTypoii conu Lleitze. [Tpu-
pola XMMHUYECKOM CBS3M B HUX HCTAIbHO HcclieqoBaHa. Ha
KayeCTBEHHOM YpPOBHE OHa OIMMChIBaeTcs Moneiablo Yarra —
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Puc. 4.13. JIBa Thmna 3J€KTPOHHBIX B3aMMOIEUCTBUII B aHMOHe coyiu Lleiize:
a — TOHOPHO-AKIICTITOPHOE B3aUMOJIEHCTBUE; 6 — TaTUBHOE B3alMO-
neicTere

HynakaHcoHa (puc. 4.13). CoriacHo 3TOi MOIEIN B TaKUX KOM-
IJIeKcaxX peajM3yloTCsl MBa TUIMA 3JIEKTPOHHBIX B3auMOJEH-
ctBuii. C OIHOU CTOPOHBI, Mapa 3JCKTPOHOB NBOWHON CBA3U
¢ BoIcuIeil 3aHgaTON 7T-MO ojeduHa YacTUYHO TEPEXOAUT Ha
BaKaHTHYIO OPOUTANIb TIATUHBI (QOHOPHO-AKYeNnmMOopHoe 83aUMOo-
delicmeéue), a ¢ IPYroit, 3JCKTPOHBI C 3aIIOJIHCHHBIX OpOuTaIeit
MeTtauia (TUlaTUHA — TO3IHUI, GOTraThlii 3JIEKTPOHAMU Tiepe-
XOMHBI MeTaJlJI) YaCTMYHO CMEIIAloTCs Ha Pa3pbIXJISTIONIYIO
HIDKHIOIO BakKaHTHYI0 7T*-MO atuiieHa (damusroe uiu obpamuoe
doHopHoe 83aumodeiicmaue).

Taxkum 00pa3oM, MBI MOXEM, B paMKaxX IIPUHITON HAMM Tep-
MWHOJIOTMH, pAaCCMaTPUBaTh 3TY JEJ0KaTN30BaHHYIO CBSI3b KaK
JIBYX2JIEKTPOHHYIO TpeXLeHTpoBYyIo (2¢€,3C) CBSI3b C JOIOJHU-
TeJIbHBIM JATUBHBIM B3aumopaeiictBueM. O06a ot a(pdekra rnpu-
BOIAT K OCJIabJICHUIO KpaTHOM cBs3u. KomImiekcoodpa3zoBaHue
C TIepEeXOTHBIM METAIIJIOM MOXKET CIIYKUTh, TAKUM O00pa3oM, OJI-
HUM U3 CIOCOOOB «akmueauuu 080UHOU C8A3W» B ATKEHAX, UYTO
OYeHb IITMPOKO MCIOJb3YETCSI B COBPEMEHHOU OpraHu4yecKoi
XuUMUU. JIMeHbl, apeHbl U APYTUe COeNUHEHUS C KPATHBIMU CBSI-
3IMU YTJICPO/I -YTJIEPOJI TaKXKe CIIOCOOHBI 00Pa30BHIBATh TI-KOM-
TUIEKCHI C TIePEeXOTHBIMU METaJUTaMU, M MBI BCTPETUMCST C HUMU
B IpYTMX paszeliax 3TOro Kypca.



4.10. Hexaaccuueckue eudpuosi Kybaca
U KOMNAEKCbl ANKAHO8 ¢ NePeXOOHbIMU Memaiiamu

)

4.10. Heknaccuyeckume rugpuabl Kybaca
U KOMMJEKChI aJlIKaHOB
C NepexoAHbIMM MeTanaMm

AXTHBAIIMSI MOJIEKYJISIDHOTO BOIOPOJa METAJIIaMU TIJIaTUHOBOM
IPYMIbl U3BECTHA AABHO U IIMPOKO MCIOJb3YeTCsS B KaTaluTH-
YeCKOM TMIPUPOBAHUU HETNIPENEIbHBIX OPTaHUYECKUX COCTUHEe-
Huii. XMMUKY BCET/a TToJarajin, 4To KJII0UeBYIO POJIb B 3THUX pe-
aKkuusx urpaet pa3pbiB cBs3u H—H u obpa3oBaHue cBsizeii Me-
tann-ruapua. Teopetuku yxke B 1950-X rr. BbICKa3bIBaIU
npennonoxenue (S1.K. ChIpkuH), 4TO TIpM B3aMMOJCUCTBUU
MOJIEKYJISIPHOTO BOAOPOAA ¢ METAIMYSCKUM LIEHTPOM CHavajia
TIOJKeH 00pa30BhIBATHCS KOMITIEKC, B KOTOPOM MOJIEKYIa BO-
JIOpO/ia KOOPAMHMPOBaHA HAa aTOME MeTaJlJla TakK, YTO B Heil MO-
nekyna H—H «octaeTcst uHTaKTHOI», T. €. coxpaHseTcs. [doi-
roe BpeMsI 3TO IIPEATIONIOKEHNE He HAXOMUIIO0 HATeXKHBIX IKCITe-
PUMCHTAJbHBIX  ITOATBEPXKICHWI. 3aMmedareibHass pabora
I'peropu Kyb6aca B 1983 r. oTKpblLia Aj1s HAC HOBBII MUP XUMUU
KOMIUIEKCOB MOJIEKYJISIPHOTO BOIOPO/IA.

TeM, KTO uHTepecyetcs, coBeTyto npouutath o630p G. Kubas «Molecular
Hydrogen Complexes: Coordination of a 0-Bond to Transition Metalsy» (Acc. Chem.
Res., 1988, 21, 120—128), a Takxe nHTepecHyto cTathto npodeccopa O.H. TeMkuHa
«XvMua MonekynsapHoro sogopogay (Copo-
COBCKMIN obpasosatenbHbiit xypHan. 2000.
Ne 10. C. 31—36).

Kybacy ynamoch moiydyuTh
U wucciaenoBaTb Metogom PCA
TEePBBIi KOMILIEKC, B KOTOPOM
¢ aToMOM BoJib(®pama Oblia CBS-
3aHa MHTAKTHAasT MOJIEKYJIa BOIO-
pona. Ces3b H—H B Heit coxpa-
HUJIACh, XOTSI OHA M OKa3ajaach Ha
10% Goitee MIMHHOM, YEM B MO-
JIEKYJISIpHOM ~ Bojopojae  (puc.
4.14). peropu Ky6ac
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Puc. 4.14. MonekynsipHast CTpyKTypa
komruiekca W(CO)5[P(i-C3H7)3](H»)

Bcnen 3a oMM B TeuyeHue
OYeHb KOPOTKOIO BpEMEHHU ObI-
JIM CUHTE3UPOBAaHbI U IOAPOO-
HO M3Y4YEeHBI IECATKU IPYTUX
KOMIUIEKCOB  MOJIEKYJIIPHOTO
Bomopona. Okaszajnoch, YTO
MHOTHE JaBHO M3BECTHbBIE I1O-
JIUTUAPUALI TIEPEXOAHBIX Me-
TaJUIOB, KOTOpbIE BCETAa pac-
CMaTpUBAJIMCh KaK COCIUHE-
HMSI C OOJIBIIMM KOJUYECTBOM
o-cBsa3eit M—H, B neiicTBu-
TEJIbBHOCTU COAEpKAT Hapsimy
C TAKMMHU CBSI3IMU M WHTAKTHBIE MOJEKYIbl H, Kak Juranmbl.
ITpu 5TOM B HMX HAOJIIOAAIOTCS MUCKIIOYMTEIBLHO ObICTPhIE BHY-
TPUMOJICKYJISIDHBIE TIEPEerPYNITMPOBKHU, MPHU KOTOPHIX JTUTAHIIbI
JIBYX THUIIOB II€peXoisar Apyr B apyra (puc. 4.15). BHOBb Mbl

boL oLy boL

L-M — L—M—] = L—M—H

4 1 H A"
L L L

L TR L g

P o Rl

H
Hexnaccuueckuit JAruapuaHbIit
TUIPUL KOMILIEKC

Puc. 4.15. Bo MHOTHX TOJIUTUAPUIAX TIEPEXOIHBIX METAIIIOB HAPSITY C O-CBSI3I-
Mu M—H conepxarcs Kak JMraHabl MHTaKTHbIE MosieKyabl Hj
W HaOIONAIOTCS WMCKIIOYMTEIBHO OBICTPhIe BHYTPUMOJIEKYJISIPHBIE
MeperpynMpOBKH, MIPU KOTOPBIX JTUTAHIbI 3THX JBYX THIIOB IEPEX0-
IISIT IPYT B Apyra
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BCTpedaeMcsl 37ech, KaK U B Cilydae MeToHHMeBoro moHa CHY,
¢ HapyleHueM npubnrxenus bopHa — Onmnexreiimepa.

HecmoTpst Ha TO 4TO 3TO HaMpaBjieHUe XUMUU YPE3BbIYAiHO
MHTEPECHO U MPOJO0JIKAET OYPHO pa3BUBAThCS, Y MEHST HET BO3-
MOXHOCTH paccKaszaTb 0 HeM 0ojiee mompooHo. OcTaHOBUMCS
3leCh TOJBKO Ha JIEMCTBUTENHbHO BaXXHOM [UIsI HAc BOIIPOCE:
«KakoBa npuposa cBsi3M B KOMILJIEKCaX MOJIEKYJIIPHOTO BOMIO-
pojia ¢ mepexoaHbIMU MeTaiaMu?» [1o BallyM JIMLaMm s yxKe BU-
Ky, 4TO BBI JOTAaJIMCh O TOM, YTO 3JIETAaHTHAsI MOAeIb YaTTa —
JlyHKaHCOHa, KOTOPYIO MBI TOJIbKO YTO WCIIOJb30BaIU, Tpe-
KpacHO cpaboTaeT W B ITOM clydae: MoJieKyJia Boiopoia
JIIOHUpPYET Tapy 3JEKTPOHOB CBoeit cBsa3bIBatolieii 0-MO Ha Ba-
KaHTHBIC OpOMTAIM MeTajllla, a OH, B CBOIO OUepeIb, YACTUIHO
KOMTIEHCUPYET 3Ty TIOTEPIO, IMOChLIast 3JIEKTPOHBI CBOMX 3aTI0JI-
HEHHBIX OpOuUTajeil Ha pa3pbIxisionyo o*-MO!

s HarIsIATHOCTH ellle pa3 MOCMOTPUM Ha TO, KakK 3TO Mpo-
HUCXOIUT B 0JIe(PMHOBOM KOMILJIEKCE 1 B KOMITJIEKCE C MOJIEKY-
JIIpHBIM BogopozaoM (puc. 4.16). B pesynbraTe mpOUCXOIUT OC-
nabneHue («aktuBauus») cBsizu H—H, n nerkuii odpatuMblit
Tepexo B IUTUIPUIHBIA KOMIUIEKC CTAHOBHUTCSI BO3MOXKHBIM.
Nrtak, Mbl BHOBb UMEEM JIeJIO C ABYXIJIEKTPOHHON TPEXIIEHTPO-
Boi1 (2€,3C) CBSI3bIO C AOTOJHUTEIbHBIM JaTUBHBIM B3aUMOIEi -
CTBHEM.

M-ankeH

Puc. 4.16. OpGuTayibHble B3aMMOJCHCTBUSI B 0JIE(PMHOBOM KOMILIEKCE U KOM-
IJIEKCEe MOJIEKYJISIPHOTO BOAOPOA C MEPEXOIHBIM METAILIOM
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[NepexomHble METaUTBI KaTATM3UPYIOT HE TOJBKO peaKIInu
TUIPUPOBAHMS, HO TaKKe M MHOTOUYMCIICHHBIC peakKIIUM pac-
MIETUICHUs M U30MePU3alliK TIpelebHbIX yIiieBogopoaoB. Ka-
TaJTUTUYECKUN KPEKUHT U PUGOPMUHT YIJIEBOAOPOAOB HEDTU
BXOMSIT B YHUCJIO BaKHEHIUX TIpolieccoB HedTexumun. Teope-
THYECKNE pPACUYeThl MOACIHHBIX PEaKINil CBHIETEIHCTBOBAIN
0 TOM, YTO Ba>KHOW MEPBOU CTaAUEN TaAKMUX MPOLIECCOB AOJKHO
OBITh 0O0pa30BaHME KOMILIEKCA ajkKaHa C ITOBEPXHOCTHIO Me-
Tagaa wid (I peakuuil B TOMOTEHHBIX YCJIOBUSX) C KOM-
TuieKcoM MeTayuia. [ToTBITKY TOIyIuTh JOKa3aTeIbCTBA CYIIe-
CTBOBAaHUS TaKWX KOMILUIEKCOB M MX BBIICIICHUS HAYaJINCh 00-
Jiee TIoJyBeKa TomMy Hazan. Ceiiyac HaAKOTUIEH OYeHb OOJIbIION
MacCHB BKCIEPUMEHTAJIbHBIX M pPAaCUYeTHBIX HAHHBIX, IOMI-
TBEPXKIAOIIUX HUX CYIIECTBOBAHUE U TMO3BOJISIONINX CHEIaTh
BITOJIHE OIIpeAeICHHBIE BHIBOABI 00 WX 3JIEKTPOHHON CTPyK-
Type.

A pacckaxy Bam 00 omHOM M3 HanboJiee BIIeUaT/IsIIOIIUX UC-
CJIeIOBaHU B 3TOI 001aCTH, BBIITOJIHEHHOM ITpodeccopom Mo-
pucoM bpykxaptom u3 yHuBepcuteTa 1mrata CeBepHast Kapo-
JIMHA.

AHanu3 0O0JIBIIIOTO YK CIIA MPEAIECTBYIOIINX PA0OOT MOKA3bI-
BaJl, YTO KOMIUIEKCHI ME€TaHa U IPYTMX aJTKaHOB C MEePEXOIHbBI-
MU MeTaJUlaMU JOJIKHBI ObITh TEPMUYECKU HEYCTONYMBEI, a 0~
3TOMY OBLJIO MaJIO HAIEXIbl Ha TTOTYYCHUE UX HEITOCPEICTBEH-
HO U3 Tra3oo0pa3Horo metaHa. Ho mpodeccop bpykxapt 6bu1
yBEepeH B TOM, UTO KOMIUIEKC CYIIIECTBOBATh JOJKeH. f yxke
JIBaKIbl TOBOPWJI BaM O TOM, YTO SHEPTUM TPaHWYHBIX OpOUTA-
JIell MOJIEKYJIbl BOIOPOA U MOJIEKYJIbl MeTaHa OJIM3KU. DTO OT-
YeTJUBO BUAHO Ha auarpamMme MO, nmokasaHHo# Ha puc. 4.17.
Ecnu cymectByioT Hekiaccmueckue ruapunabl Kybaca, myman
npodeccop bpykxapT, To Mpu MOAXOASIIEM BbIOOPE TMepexo-
HOTO MeTaJljla TOJDKEH CYIIeCTBOBaTh M JOCTAaTOYHO YCTOMYM-
BBII TIPY HU3KOM TeMIlepaType KOMILIEKC MeTaHa. bbl1 BbIOpaH
OOXOIHBIN ITyTh PEIICHUS 3a0aui. BBl MOJyYeH O-MeTHIbHBIN
KOMIUTIEKC ponust (6), MedeHBII M30TOIIOM yriiepona-13 1mo Me-
TUJIBHOW TPYIIIE, pPacTBOPEH B JeWTEepMpOBAHHOM (peoHe
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Puc. 4.17. DHepruu rpaHUYHBIX OpOUTANIEH METaHA U MOJIEKYJISIPHOTO BOIOPOia
pasanyaloTcs He CIMIIKOM CHIIBHO

CDCLF u pactBop momenieH noa aproHOM B aMITyJTy JIJIsI U3Me-
penus cnektpoB AMP. 3arem npu remneparype —110 °C k 310~
My pacTBoOpy ObLI 100aBaeH 2(UPHBIN pacTBOp TeTpa(meHTad-
topdenmn)oopHoit kuciorel H[B(C¢Fs),]. D10 oueHs crbHast
KHCJIOTa, OPTaHWYECKHWI aHajor XOPOIIO W3BECTHO Oop-
dropucrosogopoaHoii kuciaorel HBF,. O6byHO Takue peak-
LIMY COIIPOBOKIAIOTCS Pa3pbIBOM O-CBSI3U YIJIEPOI — METasLT
U oTulerieHueM ankaHa. Ho B atux oueHb msarkux (—110°Cl)
YCJIOBUSIX METaH OCTaJICSl CBSI3aHHBIM BO BHYTPEHHEN KOOPIH-
HalIMOHHOI cdepe meTasa!

BeccriopHbIe mOKa3aTeIbCTBA CYIIECTBOBAHUS KAaTUOHHOTO
komiuiekca (7) cienyior u3 ero crexkrpos 'H-SIMP (puc. 4.13)
u BC-AAMP (puc. 4.18). B cnekrpe 'H-IMP nocie nobGasie-
HUS K pacTBopy (6) Terpa(rieHTadTOpheHMIT)00PHOM KIUCIOTH
H[B(C¢Fs)4] vcue3 pe3oHaHCHBII CUTHAA O-METUJBHOU TpyIl-
Mbl, HO BMECTO HEro B OOJacTM OYEHb CHWJIbHBIX MOJICH
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T T T T T T T T T T
—0,60 —0,70 —0,80 —0,90 —1,00 —-1,10 ™.

Puc. 4.18. Boicokoronbhasi o6mactb crektpa 'H-SIMP kommiekca (7) npu
—110°C

(—0,85 M.11.) oSIBUIJICSA CUTHAJI, TTIOKa3aHHBIN Ha puc. 4.18. 3to
Ta caMasi 00J1acThb CIIEKTpa, IIe BCerna HaXOIsITCSI CUTHAJIBI IIPO-
TOHOB, CBSI3aHHBIX C aTOMOM MeTaJlia.
IBU2
O—P

HB(ArF),] - (Et,O
S /N——Rh——CPg [HB(AT")4] - (Et,0),

CDCILF
—110°C
O—P
Bu,
(6
Bu, |BArMy
0O—P
— _H H
—4 N—Rh*-- ¢
/ T
O—P
Bu,
)

TeM, KTO He MMeeT AOCTATOYHOrO OnbITa B UHTEprpeTaumm crektpos AMP Takoro
TWUMA, PEKOMEHAYIO O3HAKOMWUTBCA C TEKCTaMu Nekumii 3, 4 n 7 Moero BBOAHOIO Kypca
AMP, KoTOpble MOXHO HaiiTK Ha caitTe XuMuyeckoro ¢akynbTeta (Www.chem.msu.ru/
rus/teaching/ustynyuk-nmr-lectures).
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OTHOCUTENIbHAsE UHTEHCUBHOCTb CUTHAJIa COOTBETCTBYET Ye-
TBIPEM IPOTOHAM. MyJbTUILIETHAS CTPYKTypa CUTHaa SIBHO
YKa3bIBaeT Ha CBSI3b OTUX MPOTOHOB ¢ smpamu 3C, 193Rh u 3P,
Bosbiioe paciiernieHyue B ay0s1eT 0OyCIOBIEHO CITMH-CIIUHO-
BBIM B3aMMOJIEHCTBUEM MPOTOHOB C siapoM 3C 5y (6cnom-
Hume: komnaexc (6) codepacan uzomon yenepoda-13 6 memunvHoi
epynne), HabIOJAeTCs elle NJOMOTHUTEIbHOE 1y0IeTHOE pacilie-
IJICHWE 3a CYET CIMH-CIIMHOBOIO B3aMMOJACUCTBUSI IPOTOHOB
¢ ssapoM poausi-103 (mpupomHoe comaep:KaHre 3TOro U30Tora co
criuHoM % coctasisieT 100%) 1 3rn—in. Kpome Toro, siBHO nMe-
€TCsI CIIMH-CIIMHOBOE B3aMMOJIEICTBIE C AByMsI simpamu 3P, Ho
KOHCTAHTBI CIMH-CIIMHOBOIO B3aMMOICHCTBUS 4Yepe3 4YeThIpe
cBsi3M “J3p_y CIMIIKOM Majibl 1O aOCOJIOTHON BEIMYMHE
U IIPOSIBJISIIOTCSI TOJILKO KaK JOIMOJIHUTEIBHOE YIIMPEHUE.

Eute 6omee nnaTepecen crekrp PC-AMP (puc. 4.19). Paciue-
IJIeHre B KBUHTET 1:4:6:4: 1 gacHO MoKaskIBaeT, 4To aapo BC
CBSI3aHO C YeThIPbMSI TPOTOHAMMU. PaccTosiHre MeXIy TMHUSIMU
TOYHO COBMAJAeT C BEIUUMHON 'J|5c_ 1y, KOTOPast HAbIIOmaeTCs
B cnekrpe 'H-IMP. OGparure Takke BHUMaHUE Ha XUMUYE-
CKMii ciBUT — —42 M.1.! DTO 006J1aCTh CUTHANIOB sIEp YIjiepoja,
HaxOISIIUXCS B HEIOCPEICTBEHHOM OJM30CTH OT aTOMa Iepe-
XoJgHoro Metayyia. KoHeuyHo, Kak OIMH U3 CaMBIX SIPKUX U 00pa-

|
RPN Y
R 44 46w

Puc. 4.19. BoicokomnonbHasi 06JIacTb CHEKTpa 13C-IMP xommiekca (7) nipu
—110°C
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30BaHHBIX XUMUKOB-METAJLIOOPTAHUKOB MUpa (5110 MOl OUeHKa),
Mopuc BpykxapT He ocTaHOBUJICS HA KOHCTAaTallMU (pakTa CyIe-
CTBOBaHMSI B PacTBOpPE YCTOMYMBOIO KOMILIEKCAa METaHa C aTo-
MoM poausi. CTpyKTypa 3TOro KOMILUIEKca Oblla paccyuTaHa Me-
TomoM (yHKIMOHaNA TIoTHOCTUH. OHa MpeacTaBlieHa Ha puC.
4.20. A KOOpIMHAIIMOHHBIN y3eII ponus s TToKa3aj 0oJjiee IToapoo-
Ho. Ho, B3rIsIHYB Ha 3Ty CTPYKTYpY, TPAMOTHBIN XMMUK BITpaBe
crpocuTth: «C aTOMOM yTJIepo/ia B KOMIUIEKCE MHOTOIICHTPOBBIMU
CBSI3SIMU CBSI3aHbI TOJIBKO JBA M3 YETHIPEX ATOMOB YIJIEPOJA MO-
JIEKyJIbl M€TaHa, Aa U TO HecuMMeTpuuHo. [Touemy e B Takom
cJlydae Bce aTOMbI BOJOPO/IA MPOSIBIISIIOTCS B CMIEKTPe KaK SKBU-
BaJleHTHbIE?!» OTBET MPOCT. DTa CTPYKTYPa, TAK XK€ KaK METOHUE-
BBII MOH ¥ TIOJIMTUAPUIHI TIEPEXOTHBIX METAJIJIOB, O KOTOPBIX IIIJIa
pedb, OTHOCUTCS K YUCITYy CTEPEOXUMHUYECKN HEXKECTKMX. MoJe-
KyJla MeTaHa Jaxe MpU 3TOH HM3KOW TeMriepaType ¢ OOJIbIIOI
CKOPOCTbBIO «BpalllaeTcsi» OKOJIO aToMa POAusl, B pe3ybTaTe 4Yero
aTOMBI BOJIOPOJIa OOMEHMBAIOTCSI CBOMMU TTOJIOXKEHUSIMU.

Puc. 4.20. Ctpykrypa komruiekca (7) 1 KOOpAMHAIIMOHHBIH y3€J1 poiust 1o JaH-
HBIM pacyera MeTooM (YHKIIMOHAIA TJIOTHOCTU



4.11. lonopro-akyenmopHsie (KOOPOUHAUUOHHDbIE) CBA3U.
Komnaexcor «kucaoma Jlvtouca — ocrnoganue Jlvrouca»

IIpounTaB Takywo paboTy, XO-
yeTcs cKas3aTh. <«bpaBo, TIpo-
deccop bpykxaprt!» Takue pado-
TBl Pa3pylIaloT CTapble IOTMbI
OpPTraHUYECKOM XWMHUU O TOM,
YTO aJKaHbl — MaJOMHTEPECHBIC
C XWUMWYECKOW TOYKHU 3pEeHUS
WHEPTHBIE COCOUHECHMS. 3Iech
M cefiyac, Ha HaIMX TJia3ax po-
JIAJIOCh U OYpPHO pa3BUBAETCS UC-
KJIOYUTEJIbHO BaXkHOEe (3TO Ke
HMEET TIPSIMOE OTHOIIICHHUE K He-
(TexuMun) HOBOe HaydHOEe Ha-  Mopuc Bpykxapr
TpaBJIeHUE, YCIIEXOB B KOTOPOM
MOXET JOCTUYb TOJIBKO TOT, KTO, HApsIy ¢ OCHOBHBIMHU (paKTa-
MM OpPraHWYECKOM XWUMUH, OCBOMJ METOIBI X TEOPETUIECKOTO
aHaJIM3a C TOMOIIbI0 KBAHTOBOXUMUYECKUX PaCUETOB BHICOKOTO
YPOBHSI.

Pa6ota M. Bpykxapta noseunacb B MpecTWHOM XypHane Science: Berns-
koetter W.H., Schauer C.K., Goldberg K.l., Brookhart M., Science, 2009, 326,
553—0556. TeM, kTO MHTepecyeTca XMMUE KOMMIEKCOB afIKaHOB C NEPEXOAHbIMU Me-
Tannamu, Mory nopekomeHaosatb o63op: Hall C.R., Perutz R.N. // Chem. Rev., 1996,
96, 3125—3146, koTopbIit, NpaeAa, HECKOSbKO ycTapes. MHOro nHTepecHoro Matepu-
ana no stoi npobneMe MOXHO HaiT B crieypansHoM Bbinycke Chem. Rev. (Chem.
Rev., 2010, 110, 575 u ganee), noceaLeHHoM npobieMe aKTUBALMM aSIKaHOB.

4.11. [loHopHO-aKLenTopHble
(KOOpAMHALMOHHbIE) CBA3W.
Komnnekcbl «knenota Jlbtonca —
ocHoBaHwue Jlbtonca»
[Ton TepMuUHaMu 0oHOPHO-AKUENMOPHASL C8513b WU KOOPOUHAUU-
OHHAA CB843b, KOTOPBIC YaCTO UCITOJIbL3YETCA B XMUMUU B LICJIOM U B
OpFaHH‘ICCKOfI XUMHMHU B YaCTHOCTU, TOHNMAIOTCS KOBAJICHTHBLIC

CBSI3U, KOTOpPBIE O0pa3yloTCsl 3a CUET JOHOPHO-AKUENnMOPHO2O0
83aumodeiicmaus, B KOTOPOM B Ka4eCTBE TOHOPA OOBIYHO BBICTY-
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TaloT aTOMBI a30Ta, KMUciaoponaa, docdopa, cepbl U IpyTUe, UMe-
I01KME HEMOIeJIeHHbIE 2JIEKTPOHHbBIE Mapbl HA BAJIEHTHBIX OpOU-
TaJsIX MaJIOro pa3Mepa. A B pOJIM aKIIENTOPOB BBICTYMAIOT COE-
JUHEHMST HEKOTOPBIX 2JIeMEHTOB (00p, AIIOMUHUIA, TIepeXOIHbIE
MEeTaJlJIbl, JIJAHTAHOUIBI U T. 1.), UMEIOLINX HU3KOJIeXKalllie Ba-
KaHTHBIE opouTanu. TakuM ob6pa3om, pedb UAET O B3aMMOJIECi-
CcTBMUM B mape Kuciora JIplonca — ocHoBaHUe JIblonca, XOTs
¢ (hopMaJIbHOM TOYKHU 3PEHUS B TY Xe KaTErOpUI0 MOXHO C TTOJI-
HBIM TTPaBOM OTHECTU TOJILKO YTO PACCMOTPEHHBIE B3aUMOIEi-
CTBUSI 0Jie(PUHOB U alKaHOB C TMEPeXOIHbIMU MeTajiaMu. Tu-
MUYHbIE TTPUMEPbI XOPOIIIO BaM M3BECTHBI U3 Kypca HEOpraHU-
YeCKOi XMMHMHU. DTO 00pa30BaHUE KOMIUIEKCOB II€PEXOTHBIX
METAJUIOB C AOHOPHBIMU JIUTAHAAMU WA OOpa3oBaHUE KOM-
riekca Tpugropuaa 6opa ¢ aMMUAKOM:

H H
HEG H HEG H
N Ng
- e
\\\F \%6‘//']3{'1:
E:?\F F F
131.3pm

Takue cBsI3U MOTYT OBITh OYEHb IPOYHBIMU, HO 0Opa30BaHUE
KOMILJIEKCOB TaKOro THUIIA B pacTBOpax SIBJISIETCS 0OpaTUMbIM
MPOLIECCOM, UYTO AaKTUBHO MCIIOJIb3yETCsI XUMMKAMU-OpPraHKKa-
mu. Hanpumep, acpupar tpexcdropucroro 6opa (C,H;s),0 - BF; —
9TO yCcTOMuMBAas reperoHsoniasics mnpu 126 °C KuaKocThb, KOTO-
past jierko ocBoboxkaaer BF; B IpucyTCTBUM IPYTUX TOHOPHBIX
MOJIEKYJI, YTO U MO3BOJISIET €ro MCITOIb30BaTh KaK KaTaau3aTop
MHOTUX XUMUYECKUX PEAKIIUIA.

B mocienHue ronbl B XUMHMM JOHOPHO-aKLIENTOPHBIX KOM-
IUIEKCOB BO3HUKJIO HOBOE MCKJIIOYUTEIBHO HHTEPECHOE Ha-
nipaBneHue «Frustrated Lewis Pair Chemistry», Jis KOTOPOTO €IIle
HET MPUHITOTO PYCCKOTO TepMuHa. Sl mepeBoXy 3T0 KakK «Xu-
MUSI PBIXJIBIX JIBIOMCOBBIX TIap». O Heil 51 paccKaxy B CleaylolIei
JIEKLIMM, KOrna Mbl OyieM oO0CyXaaTh MEKMOJIECKYJISIpHbIE B3aU-
MOJEWCTBUS.



4.12. Cemunonsipnule ces3u

4.12. CeMunonspHble cBA3M

Cemumnonsipasie cBsizu X — O, rne X = N, P, S win npyroit me-
TaJUIONII, KOTOPBIC TIepeacT CBOIO Mapy 3JIEKTPOHOB KUCIIOPO-
Iy, BaM XOPOIIO M3BECTHHI M3 Kypca HEOPTaHWMYECKOU XUMMUU.
DTO 0COOBIN BUJA JOHOPHO-AKIEMTOPHBIX CBsI3eil, OTIMYalo-
IIUXCST BEICOKOM TOJIIPHOCTBIO. B OpraHMYecKrx coemmHEeHMSIX
OHM BcTpeydaroTcs 9acTo. K 4mciay coeImHEeHU ¢ CeMUTIONSIp-
HbIMU CBI3IMU N — O, S— O u P— O oTHOCSTCS OKCUIIBI TPE-
TUYHBIX aMUHOB, CYIb(MOKCHUIBI U hochuHOKCUanl (puc. 4.21).
XapakTepHOIl OCOOCHHOCTBIO TaKUX COCOIUHCHMI SIBIISICTCS
TIOUTH TTOJTHEI TIepeHOC 3JIEKTPOHHON Mapsl K akienTopy. [1os-
TOMY BCE€ OHM 00J1aJJal0T BHICOKUMU JUMOJbHBIMA MOMEHTaMU.

(CH;);N—O (CH;),S—0O (C¢Hs);P—0

Okcu TpuMeTuIaMuHa Humeruncynbdokeun  TpudenunbochuHokeum

+ +/N[e
PH;P*---CHz PPh;, S
AN
Me

Tpudenundochbun Tpudenundochonmit JumeruncyabdoHuit
MeTmieHbochopaH LIMKJIOMEHTaIUEH UL LMKJIOTIEHTAINEH AT
(peaktuB ButTnra)

Puc. 4.21. Oprannyeckyre COeIMHEHUS C CEMUTIOJISIPHBIMU CBSI3SIMU

K uucity coenmHeHU 3TOTO TUIA MOXKHO C TTOJIHBIM MPaBOM
OTHECTH uaudvl. ITOT TEPMUH TIpesiokeH HobeneBckuM Jaypea-
toMm I'. BurturoM. OH Ha3BaJl TakK MOJIEKYJIbI, B KOTOPBIX JOHOP-
HBII W aKUENTOPHBINA IICHTPHI CBSI3aHBI, C OIHOI CTOPOHBI,
MPOYHOI KOBaJIEHTHOI O-CBSI3blO (OTClOJA -.4), a C APYroin —
HECYT pa3HOMMEHHbIe 3apsnbl (oTcioma -ud). TakoBbl WIMIBI
bochopa — peaxmuevt Bummuza. v coequHeHus: 00pa3yloTCs
IIpU IEMCTBUU CUJIBHBIX OCHOBaHMIT Ha cotv (pocHOHMS 1 OOBIU-
HO HCIOJB3YIOTCSl 0Oe3 BblaedeHus. B3auMonelicTBue WIMIOB
docdopa ¢ KapOOHWIBHBIMU COCTUHEHUSIMU (peakuyuss Bummu-
2a) — OJVH U3 JIyYIIMX METOIOB I0Jy4eHus ankeHOB. OH I0J1y-
YWUJI UMS ero co3aaTens u npuHec emy HoOeneBcKylo mpeMuio
1979 r. MBI BCTpeTUMCS C 9TOW peaklueil mpu u3ydeHuu XUMUKU
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aJIKEHOB. XapaKTepHasi 0COOEHHOCTb MJIMIOB COCTOUT B TOM, UTO
B HUX B KayecTBe akKLENTOPHOIO LIEHTPa BBLICTYIIAET YIJIEPO/.
CTaOWIBHOCTh TaKMX COCIMHEHMI Pe3KO BO3pacTaeT, €CM OT-
pUILIaTebHbBIN 3apsiI 3TOTO LIEHTPa ACJIOKAIM30BaH B MOJIEKYJIC.
IIpuMepaMu MOTYT CIOYXWTh LMKJIOINCHTAIUCHWIUIbI, TaKXe
rnoka3zaHHbIe Ha puc. 4.21. B Mmonexkynax aTux coeAuHEeHU 11IeCTh
3JIEKTPOHOB yNOOHO pa3MelaloTcsl Ha TpeX CBSI3bIBAIOIINX
n-MO, co3naBasi «apOMaTUYECKUI CeKCTeT» (IMPaBUIO XIOKKe-
751). C cCOeMMHEHUSIMU 3TOTO TUTIA MBI BCTPETUMCSI TIPU 00CYXIe-
HUU MPOOJIEMbI apOMaTUYHOCTH.

4.13. TpexueHTpOBble YeTbIPEX3NIEKTPOHHbIE
ceA3n. [MnepBaneHTHble coeanHeHUA

Bnepsoie ¢ (3c¢,4€)-XUMMUYECKUMU CBSI3SIMU MBI BCTPETUJIUCH,
n3ydasi B Kypce HEOpraHWU4eCKOi XMMHMH 3JIEKTPOHHOE CTpPOe-
HUEe COeIMHEHUI MHePTHHIX razoB. JInarpamma MO nuHEIHON
moJiekyibl XeF, ctpoutcs cToiib ke jerko, kak auarpamma MO
nuHeitHoro noHa Hj. B oOpa3zoBaHuu cBsi3eil yqacTBYIOT 3aHsI-
Tast apoil aeKTpoHOB S5p-AQO KCeHOHA U [Be OJHOKPAaTHO 3a-
HTBIe 2p-AO nByx aToMoB dTopa (puc. 4.22). Obpa3yroTcs CBS-
3bIBAIOIAS (p;, HECBSI3BIBAIOIIAS (P, M PA3PBIXIIAIONIAs (p3 OPOM-
tagu. YeTwlpe 2/eKTpoHa YIOOHO pa3MellaloTcs Ha MBYX
HkHUX MO.

[TpuHIIMTUATBEHO TOTO Xe TUIIA CBSI3U CYIIECTBYIOT B YK€ U3-
BecTHbIX BaM coenuHeHusix PXs (X = F, Cl), SF, u ap. B opra-
Huveckoit xumuu (3c,4e)-XMMUYECKUE CBS3M BCTPEUYaAlOTCS
B TUMNEPBAJIEHTHBIX COeAMHEHUsIX KpeMHUsT U ocdopa. Cpeau
HUX TUIMYHBIM MpeICTaBUTENIeM sBiIsieTcs criatpaH (8), B Ko-
TOPOM CYIIECTBYET BHYTPUMOJICKYJISIpHAST KOOpOWHAIIMOHHAS
cBs13b N — Si, a Takke opraHMYeCKHe IPOM3BOIHEBIC KPEMHUSI
C BHYTPUMOJICKYJISIPHBIMUA KOOPIMHAIIMOHHBIMU  CBSI3SIMH
O—Si, takue Kax (9) ¥ IPOM3BOMHBIC IIECTUKOOPINMHAIIMNOH-
Horo ¢ocdopa Tuna (10). bonee moapobHOe oOCyXkneHHEe UX
CTPYKTYPBI BBIXOAUT 3a paMKU Hallleil TporpaMMbl, HO 3TOT BO-
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5p(Xe)
:H: 2p(F) x2
b

Puc. 4.22. ilnarpamma MO u y3j10Bble CBOiicTBa opOuTaseii Mosexyssl XeF,

MpocC AETaJIbHO pacCMaTPUBAETCSI B KypCce XMMUM 3JIEMEHTOOP-
raHUYECKUX COCIUHEHUMA.

® (&) (10)

4.14. BogopoaHbie cBazm

C 5TUM BaxXHBIM TUIIOM CBSI3€ll Bbl TakXKe YK€ BCTpeUYaUCh.
BzaumoneiictBue kucnotsl bpencrena (A— H), B koTopoii aToMm
BOJIOPOJIA CBSI3aH O-CBSI3bIO C 3JIEKTPOOTPULIATEIbHBIM aTOMOM
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(A= 0, N, F, Cl u B menpmreit Mmepe C u S), ¢ ocHOBaHUEM
bpencrena (B:), B KauecTBe KOTOPOrO MOTYT BBICTYIIATh TE K€
Hecylre HeMoAeJIeHHYI0 Tapy 3JeKTpoHoB aToMbl O, N, S paz-
HOOOpa3HbIX (YHKIMOHAIBHBIX TpyIn, aHuoHbl F~, C1- u ap.,
a TaKke B MEHBIIIEH Mepe apoMaTU4YeCKHe KOJIbIla U KpaTHBIE
CBSI3U, BCeTa HauMHaeTcs ¢ 00pa3oBaHUsI KOMILIEKCa, B KOTO-
POM BOAOPO 3aHUMAET MOCTUKOBOE MOJIOKEHMUE:

A—H+B:=[A—H...B]

3a cyer BOAOPOIHBIX CBSI3Eil B pacTBOpax MOTYT 0Opa30OBbI-
BaThCs CIIOXKHBIE ACCOLMATHI TMHEHHON U IMKINIECKON CTPYK-
TYpbI (1IN, KOJIblIa, CIIMPAIU, TUIOCKUE U MTPOCTPAHCTBEHHbIE
CETKM CBSI3aHHBIX MOJIEKYJ), KOTOPbIe COXPAHSIIOTCS U B TBEP-
noM Ttene. Ha puc. 4.23 moka3zaHa CTpYKTypa TeKCaroHaJabHOIO
JIbJIa.

Puc. 4.23. CTpyKTypa rekcaroHaJIbHOTO JIbla

XoTs MTOMUHMPYIOIINE BKJIaa B 00pa3oBaHUE BOIOPOIHON
CBSI3U JIaeT 2JIEKTPOCTATUUECKOE MPUTSKEHUE TOJISIPHBIX TPYIIIT,
OHa He CBOJMTCS TOJBKO K HEMY, UM €€ CJIelyeT paccMaTpuBaTh
KakK 0COOBIii BU JOHOPHO-AKIIETITOPHOM CBSI3U.

DHEpPruu MeXMOJIEKYIISIPHBIX BOJOPOMHBIX CBSI3€il M3MEHSI -
IOTCSI B OYCHb IMMPOKMX Tipemenax oT 0,2 Kkaji/Moib IO
39 kKan/Mojb B 3aBUCUMOCTU OT TOTO, KaKUe JOHOPHbIE U aK-



4.14. Bodopoonvie ces3u

LIENTOPHBIC TPYIITEI A 1 B mpucyTcTBYIOT B MOIeKymax. Turmma-
Hble 3HAYEHUS] SHTAJBIUNA 0Opa3oBaHUSI MPUBEICHBI B TaOIM-
e 4.11. Camas npouHast BOIOPOAHAasl CBI3b CYLIECTBYET B CUM-
MmeTpuyHoMm oOudropun-anuone [F..H...F]~. Ee -cuenyer
paccMatpuBath Kak (3c,4¢)-cBs3b. JIMHBI BOTOPOAHBIX CBS3Ei
MEHSTIOTCSI B TOCTATOYHO ITMPOKMX TIpeAeiaX B 3aBUCUMOCTH OT
MX IIPOYHOCTU, OT TEMIIEPaTypbl U OT Cpeabl. TUIIMYHAS JUIMHA
BOIOPOIHO CBSI3H B X1IKoii Boze 1,97 A.

3adaua: Moctpoiite guarpammy MO ansa 6udpTopua-aHmoHa
[F...H...F]".

Ta6muna 4.11. TunuyHble 3HAYEHUS] SHTAIBIIMI BOTOPOMHBIX CBSI3ei
(ycnoBusI Ta30BOit (hasbl)

Bonoponnas cBsasb DHTATBINA
F—H---:F 161,5 x/Ix/mMoab (38,6 KKai1/MOJIb)
O—H---:0 21 xJIx/Mounb (5,0 KKaji/MOJIb)
O—H---:N 29 k[Ix/Moib (6,9 KKaji/MOIb)
N—H---:N 13 xJIxx/Monb (3,1 Kkay/Moub)
N—H---:0 8 xJI>x/Moub (1,9 Kkasi/MoJIb)

HO—H---:OH;r 18 xJIx/Mounb (4,3 KKaji/MOJIb)

O6pa3oBaHNUe MOJIEKYJISIPHBIX aCCOIIMATOB 3a CYET BOIOPOMI-
HBIX CBSI3€M CYIIECTBEHHO BJIMSET HA CBOMCTBA XUIKOCTEW
1 pacTBopoB. Haubosnee oTYETIMBO 3TO MPOSBISETCS B aHO-
MaJIbHO BBICOKHMX TeMIIepaTypax KUIIEHUsI, YTO OCOOCHHO SIPKO
BUIHO Ha IIpMMepe BOIbI, CIIMPTOB U KapOOHOBBIX KucaoT. He-
KOTOpPBIE TUITbI BOAOPOIHBIX CBS3€ COXpaHSIIOTCS U MPU UCIa-
peHuu BellecTBa. Hanpumep, KapOOHOBBIE KUCIOTHI 00pa3yioT
MPOYHbIe TUMepPHI (puc. 4.24), KOTOpbIE /s EPBBIX YJIEHOB Psi-
JIa CYIIECTBYIOT U B TTapax.

O----H—O
H3C4< % CH3

O—H---0

Puc. 4.24. Ilumep yKCYCHOIM KHUCIOThI YCTOMUYMB U B ra30Boii haze
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BbicOKy10 TTPOYHOCTh MMEIOT TaKKe BHYTPUMOJIEKYISIPHBIE
BOJOPOJHbBIE CBSI3U. OIUH U3 BaXXHBIX U MHTEPECHBIX MPUME-
pPOB — BHYTPUMOJIEKYJSIPHAST BOIOPOIHASI CBSI3b B €HOJIBHBIX
dopmax 1,3-nukapOOHWIbHBIX coefuHeHuil (puc. 4.25). UMmeH-
HO HaJIMYMe TaKOW CBSI3W W JIEJIaeT UX €HOJIbHbIE (hOPMBI OCO-
OCHHO CTaOMJIbHBIMMU.

0) O OH O 0) 0)

J = L= Jo

Puc. 4.25. KeTto-eHosbHOE paBHOBecHe 1,3-TMKapOOHUITBHBIX COSTMHEHMIA

B 3akmmoueHUe S X049y OTMETUTHh MCKIIOUMTEIHHO BaXKHYIO
pPOJIb BOIOPOAHBIX CBSI3¢H B XUMHUM BCEX KU3HEHHBIX MPO-
neccoB. Ha BOmOpOmHBIX CBSI3SIX B Mapax KOMIUIEMEHTapHBIX
HYKJIEMHOBBIX OCHOBAHUI MOCTPOEHAa, KaK Bbl, KOHEYHO, 3Hae-
Te, nBoiHasa crimpanb JHK. Ha puc. 4.26 mokazaHbl BOZOpO/I-
Hble CBSI3W B Mape I'yaHUH — LUTO3UH. BomoponaHbie cBsI3U
OTPEACIISIIOT CTPYKTYPY M (PYHKIIMOHUPOBAHUE TJIOOYISIPHBIX
OEJIKOB.

H
/
N Q------- H—N
K
Nl N N
S
N—H------- o} N
/
H
I'yanun Luto3un

Puc. 4.26. BogopoaHbie CBsI3M B Mape KOMILJIEMEHTapHbIX OCHOBaHMI I'yaHUH —
LIUTO3UH

ITo cBoeii sHEpTUM BOOOPOIHBIC CBSI3U YCTYIAIOT KOBAJICHT-
HBIM U MOHHBIM CBSI3SIM, HO B CTPYKTypax OHMOIMOJUMEPOB OT-
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JIeJIbHbIE LIEMKX MOIYT ObITh CBSI3aHbI COTHSIMM UM ThICSIYAMU Ta-
KMX CBSI3eil, YTO 00ecCIeuyrMBacT WCKITIOUNUTEIHLHO BBICOKYIO
IIPOYHOCTD U KECTKOCTh. [IprMep TOMY — LIEITOYKH LIEJUTIOI03bI
B ApeBecuHe (puc. 4.27).

0

/

H

o) /HO OH—

0% \w % W\

\H/O OH—

H

—0 /HO OH—
T>SHO OH— o o

i

. on 3 % W

Puc. 4.27. [NonucaxapuaHbie LEMOYKU LEUTIOI03bI CBSI3aHbI MHOXKECTBOM BOJIO-
POJIHBIX CBSI3€i, YTO MPUAAET BBICOKYIO XECTKOCTh KapKacy IpeBe-
CUHBI

HMtak, Mbl paccMOTpesd ¢ BaMU OCHOBHbIE THUIIbI XUMUYE-
CKMX CBSI3€H, C KOTOPbIMM HaM TNPEACTOMT €lIe MHOTO pa3s
BCTPETUTHCS B 3TOM Kypce. KoHeuHo, ux pazHooOpa3ue He uc-
YEpIIbIBAETCS TEM, YTO YIAJIOCh MPEACTABUTbL B KOPOTKOM JIEK-
11u. S cTpeMuics He CTOJbKO U3j1araTb BaM U3BECTHbIE (DAKTHhI,
KOTOpHBIE Bbl O€3 TpyJa HaiieTe B ydeOHUKE, CKOJILKO MOKa3aTh,
KaK MHOTO MHTEPECHOTO MOSIBJSIETCSI MO ATOW MpobdiieMe B CO-
BPEMEHHOI JIUTEpaType.



Jexyus 4. Tunsl u Xapaxmepucmuru Xumu4eckux ceaseil
Q54 6 OPeaHUYECKUX MOACKYAAX

Ele pas xouy HaMmoMHWTb, HTO, KNAacCUPULMPYsA U XapaKTepU3yA XUMUHECKMe CBA-
31, Mbl MEEM JieNO C MOHATUMHBLIM annapaToM MOJENN JNIOKaIM30BaHHbIX XUMUYECKNX
cBA3ei, KOTOpaA, Kak Bbl y)e 3HaeTe, ABNAETCA AOBOMLHO rPyObIM, HO HarnAfHbIM
1 ynobHbiM npubmmkenneM. CyliecTByeT HeMano Cry4aeB, KOrAa BecbMa CIIOXKHO
onpefenuTb, CyLLLeCTBYeT UM OTCYTCTBYET JIOKA/IM30BaHHAA CBA3b MeXAy [BYMA aTo-
MaMu B Monekyne. BoT uHtepecHbiit npumep. 3. Dorenb, BENMKONENHbI XUMUK-Opra-
HUK u3 KenbHa, CMHTE3MPOBaN CEpUIO KMOCTUKOBBIX aHHYSIEHOBY», KOTOpble OBbIYHO
B NUTepaType TaK W Ha3blBatOT (HOreneBCKUMM aHHyneHaMu (XMMUIO U CBOMCTBA 3TMX
coeHeHui Mbl GyieM paccMaTpuBath nosxe, koraa GyAeM usyyate NnpobneMy apoMa-
TU4HOCTH, @ 06 ux cnekTpax AAMP Bbl MOXeTe npouuTaTh B nekumm 7 U3 MOEro BBO-
aHoro kypca no cnektpockonmn  AMP  (http://www.chem.msu.ru/rus/teaching/
ustyniuk-nmr-lectures/welcome.html)). [lga npocTeiiumMx aHHyneHa Takoro Tuma no-
KasaHbl Ha puc. 4.28. [Ina HUX BO3MOXHbI CTPYKTYpbl ABYX Tunos. [epebit Tn — pe-
noKanusoBaHHble cTpykTypb! |,6-MeTaHo[ | 0]aHHyneHos (a). B Hux Het ceasu C|—Cy,
“ |0 T-31eKTPOHOB MOMHOCTBIO AEMOKANIM30BaHbl B MOYTU MAOCKOM LMKIE, CTAHY-
ToM MocTikom. CTpyKTypbl BTOporo Tuma (6) — 3To Tpuumkno[4,4,1,0'lyHae-
Ka-2,4,7,9-TeTpaeHbl. 3[ecb MPUCYTCTBYeT TpeXuneHHblit umkn. [na onpegenexus
CTpoeHua 6bin npoeieH npeumsmnoHHbiin PCA skcnepuMenT. B kpuctanne npu komHar-
HO1 TeMMepaType CoeAMHeHWe NPEeACTaBNeHO ABYMA KpUCTanorpaduieckn HesaBmucu-
MBIMU MOTlekyniaMu, B KoTopbix pacctosHus C;—Cgq coctasnsior 1,836 u 1,780 A. D1
3HAYEHMA CIULLIKOM BENMKM 51 oauHapHoit ceasun C—— C, HO C/IMLLIKOM KOPOTKY ANnA
oTCyTCTBUA CBA3bIBaHUA. Heamnmpuyeckuit pacyer (MP2/6-31G) nokasan, 4To MUHUMY-
My TMOJSIHOW 3HEpPrM BCE-TAKM COOTBETCTBYIOT CTPYKTYpbl, MPeACTaBMeHHble Ha
puc. 4.28a. DkcnepuMeHTanbHOe U3yyeHne CNEeKTPOB BbICOKOrO paspeLlieHns Bc-amp
ANA AVMETUNBHOrO NMPOU3BOAHOrO MpY TeMnepatypax B Auanasode 100 K — [0 K ¢
UCNOMb30BaHMEM BpaLLieHMA 0bpasLia Mo MaruieckuM yriioM, a Take UsyHeHne onTu-
YeCKWX CMeKTPOB B CBEPX3BYKOBOW CTPye ANA He3aMelleHHoro coeauHenus (R=—=H)
MOATBEPUIIO STOT BbIBOA. TakuM 06GpasoM, onepupys MpeACTaBIeHUAMU O JIOKaNU30-
BaHHbIX XMMUYECKUX CBA3AX, BCErja CredyeT MOMHUTb O HeJOoCTaTKax MOAenu 1 B
CNOXHBIX C/ly4asX MpY PELUEHUM CTPYKTYPHOW 33Ja4M HyXKHO WCMOSb30BaTh MOSHbIN
Habop afeKBaTHbIX CTPYKTYPHbIX U CMEKTPasibHbIX JaHHbIX.

R R R

R
1
6
a R=H 0
R = CH;

Puc. 4.28. Bo3aMoxxHbIe CTpYKTYpbI ABYX 1,6-MeTaHo[10]aHHyIeHOB
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4.15. Onucanve adppekTos
nepepacrnpefenieHna 371eKTPOHHON
MNJIOTHOCTU B CUCTEME XUMUYECKUX
CBA3eM B paMKax MoJenu
NTOKaJIN30BaHHbIX CBA3EN

4.15.1. ITocTaHoBKa Bonpoca

Htak, xapakTepucTUKu (GOpMaibHO OJHOTUITHBIX XMMUYECKUX
CBsI3eM, TakuWe Kak JJIMHA, SHEPIUsl, MOJSIPHOCTb, MOJSIpU3YE-
MOCTB, He SIBJISIOTCS TpaHchepadenbHbIMU. OHM B BechbMa IIH-
POKUX Mpeaesax U3MEeHSI0TCSl B 3aBUCMMOCTH OT TOTO, B KAKOM
CTPYKTYPHOM OKPY>XEHMU HaXOAUTCS CBiI3b. B cooTBeTCTBUU
C 9TUM CYILIECTBEHHO Pa3JIMYAIOTCS U PEaKIIMOHHbIE CITOCOOHO-
CTU OMWHAKOBBIX (DYHKIIMOHATBHBIX TPYIII B Pa3HBIX MOJICKY-
Jgax. [lpruymHa Takoil M3MEHUMBOCTUM — TEpepacnpencicHue
3JIEKTPOHHOM TJIOTHOCTHU B MOJIEKYJIE, KOTOPOE aA€KBATHO OIM-
CBIBAETCS B paMKax MPENCTaBAEHUI O MOJHOM nesloKaIu3aluuu
3JIEKTPOHOB C UCIOJb30BaHMEM METOIOB KBaHTOBOM xumun. Ho
XMMUK-OPraHUK B IIOBCEIHEBHOM MpakTUYeCKOM paboTe onepu-
pYET TPEACTABAECHUAMU O JIOKAJTIM30BAHHBIX CBSI3SIX B MOJIEKY-
Jax. B paMKax aTux NpeacTaBieHuil nepepacnpeaeieHue 1eK-
TPOHHOM TIJIOTHOCTU B MOJIEKYJIE CJIEYET paccCMaTpuBaTh Kak
B3aMMOJENCTBUE MEXIy aroMaMu (aTOMHBIMU TPYIIUPOBKa-
MU), KOTOpOe TepeaaeTcsl Kak Mo CUCTEMe XMMUUYECKUX CBsI3el,
TaK U HEMOCPEICTBEHHO Yepe3 MPOCTPAHCTBO. DTOT MOAXOA ObLT
chopMyIMpoOBaH U pa3BUT B paboTax OcHoBaTessl (pU3NUeCKOi
OpPraHMYECKOW XWMHWUM BBIJAIOIIETOCS AHMIMMUCKOTO XWMMKa
K. UHronbaa.

4.15.2. UnaykTusHblii 3¢ dekT u 3pdeKT noJis

[Mon undyxmuenvim 3¢pgpexmom (I) VIHTONBI IOHUMAN CMeELIe-
HHUE 3JIEKTPOHHOM TIJIOTHOCTH T10 1IN O-CBSI3eii, KOTOpoe 00Yy-
CJIOBJICHO DPAa3IWYUSIMM B 3JEKTPOOTPUIIATEILHOCTSIX aTOMOB.
Hanpasnenue (3Hak) I-a(pdekra 3amecTUTeNs] KayeCTBEHHO
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Wnronba Kpucrodep Kenbk
(28.10.1893—8.12.1970)

OpaWH 13 OCHOBOMONOXHUKOB (BU3NHECKOMN
opraHuyeckon xummn, B 1920—1930-x rr. oH
BbIMOJIHWI HOBaTOPCKMe paboTbl, NOCBALLEH-
HbIE U3YYEHUIO MEXAHWU3MOB PEaKLWM 1 3JieK-
TPOHHOI1 CTPYKTYpe OPraHM4ecKux COeauHe-
HUWIA, KOTOPble NOCTY>KN/IN OTMPABHOMN TOYKOW
A1 BBEZIEHUA B OPraHU4ECKYIO XUMMUIO TaKux
MOHATWM, Kak Hykneodpun, anekrpodun,
WHAYKTUBHbIA 1 Me30MepHblin 3¢ dek-
Tbl. OH BBen B xvMuto KoHuenuum Sy l, SN2,

El, n E2 MexaHusMoB, uccnenosan MexaHus-
Mbl 371€KTPOdUIILHOTO 3aMelleHnss B apoMa-
TUHECKOM M anudaThHecKoM pafax, MpeAckasas M OTKPbUT MeXaHu3Mbl rMAponMsa
CNOXHbIX 3(PUPOB KAPGOHOBBIX KUCIOT, U3Y4n MeXaHN3Mbl GeH3nAMHOBOM Neperpyn-
NUPOBKM, MMHAKONIMHOBOM MeperpynnMpoBKkv 1 neperpynnupoekv Barhepa — Meitep-
BeitHa. OH oguH u3 coasTopos npasun Kana — Uuronbaa — Mpenora.

«B AnMHHOM crincke ero NPecTXHbIX HayuHbIX Harpaz (Megans Mengona, Mepans
[sBun, Koponesckas Meaanb, Mepans JToxrctadda, Mepans Papages n MHOrne pyrue
Harpagpl) He XBaTaeT ToNbKo ofHon — Hobenesckoit npeMun, KOTOpyto OH, Gesyc-
noBHo, 3acnyxun. MoceaLeHHbIN koponeeoii B peiLapu (1958 r.), cap Kpuctodpep MH-
ronb 6onee MHOrMX Zpyrvx COOTBETCTBOBAJ 3TOMy TWUTyJy. Ha wwurte ero cnegoeano
Obl HanmcaTb «TLLAaTeNbHOCTb, AOCTOBEPHOCTb, 6e3ynpeyHocTb!y. VIMeHHO 3TUX NpuH-
LIMMOB B Hay“HbIX UCCIIE[0BaHMAX OH BCeraa npuaepxxusancs. byyumn cnokoiiHbiM, fo-
OporkenatenibHbIM, ynbIOUYMBLIM HENIOBEKOM, OH MpeBpallanca B CTPACTHOro GeckoM-
NPOMWUCCHOrO CMOPLUMKA B HAyYHON AWUCKYCCUU. BHUMaTENbHBIA M OCTOPOXKHbIN B NO-
BCEJJHEBHOM )KM3HW, OH CTaHOBWICA OTHaAHHbIM ©Ge3pacCy/iHbIM aBaHTIOPUCTOM,
MNaHUpyA MapLUPYT HOBOFO MyTeLLEeCTBUA UM BOCXOXAeHWA B ropax. Ha ero cemuHa-
pax HUKTO He 60ANCA BbICTyNaTb CO CMeNbIMU HOBbLIMU U elLLie He BMOJIHE 3pesibiMU nae-
Amu. Bce 3HanM, 4to mpodeccop He HabpocuTcA Ha CMeNbYaka C YHUYKUTENbHOM
3106HOM KpUTUKOW. B caMoM KpaitHeM cnyvae mocnefyer TOYHbIW, 3aZaHHbIA CaMbiM
fobpoxenaTenbHbIM TOHOM KHaUBHbIA BOMPOCY, KOTOPbIN NO3BONUT aBTOPY Cpasy 3a-
MeTUTb CBOIO OLUMOKY U CaMOMy WCMpaBWUTb ee B cBOoeM oTeeTe. Pegaktupysa cTatbu
CBOMX Y4EHUKOB U MOSIOAbIX KOJIIEr, OH MHOTAA MepenuchbiBas UX LIeSIMKOM, HO BCeraa
OTKasbIBasiCA OT COABTOPCTBA CO C/IOBaMM: «DTO BaM HeOOGXOAMMO yTBepAuUTb cebs
B HayKe, a MO3TOMY U MyGNMKyATeCh KaK eZJUHCTBEHHbIN aBTOpPY». DTU CloBa A B3AN U3
BbICTYNneHns Ha cemuHape no cnayyato [00-netva co pana poxgenuna Wuronbpa
B 1993 r., koTOpble Npou3sHec Apyroi pbilapb XUMUYECKomn Hayku cap Puyapg baptoH
(Hobeneeckas npemus no xumumn 1969 r., o HeM Bbl y3HaeTe B OAHOWM W3 CleAytoLUX
NeKumit), KOTOPbIN AONTUe roAbl 3aBe/joBasl KadeApOii OPraHM4ECKOM XMMUM B TOM XXe
JloHzoHCKOM KOpOnEBCKOM Komnnexe, rae pabotan MHronba,.
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OLICHUBAETCS ITyTeM CpaBHEHUS CO CTAHIApTOM — aTOMOM BO-
IopoJa, UHAYKTUBHBIN 2hdekT KoToporo npuHAT 3a 0. UHayk-
TUBHBIN 3G GEKT noaoxwcumeaen (+1), ecnu 3aMecTUTEb YBEJIU-
YMBAET JIEKTPOHHYIO IJIOTHOCTh HA aTOME YTJIepo/a.

+1-DddekT mposIBIAIOT 3aMECTUTENN, COAEepKaIINe aTOMbI
C HU3KOU 3JIEKTPOOTPULIATEIbHOCTHIO:

—Mg—, —Li; —Si, —Sn, —Hg,
yrieBogopontbie paaukansl (— CH;, —C,Hs) ...
—I-3(drekT MNPOSBISIOT 3aMECTUTENIM, KOTOPBIE COAEpKAT

0oJjiee BJIEKTPOOTPULATENLHBIE aTOMbI M TPYIIIIbLI, Y€M aTOM
yraepona B sp3-rudbpuansauu:

_F, _Cl, _Bl', _OH, _NHz, _NOZ, >C=O,
—COOH...

Cyuraercs, YTO MHIYKTUBHBIN 3((PEKT MOCTEIeHHO 3aTyXa-
eT BIOJIb YIJIepoaHOM 1enu (puc. 4.29).
000+ 80+ &+ &00— &0— o—
CH;—CH,— CH,—X CH;<—CH,<—CH, <Y
(5% >> 80+ >> 55d+)

Puc. 4.29. UHayKTUBHBIN 2 deKT 3aTyXaeT BIOJIb YIJIEPOTHOM e

Ha xauecTBeHHOM ypOBHE SICHasl MIes WHIYKTUBHOTO (-
(exTa TIOnTBEpKIAETCI MHOTMMM 3KCIIEpUMEHTAIBHBIMU (DaK-
TaMM, CPeI KOTOPBIX BeCbMa YOeINTEIBbHBIM SIBIISIETCS M3MEHE-
HUME KOHCTaHT IUCCOLIMALIMU KapOOHOBBIX KMCIOT ITPY BBEACHUU
3aMEeCTUTENICH B YIJIEpOAHBIN ckemeT. OOpaTuMasi TUCCOLMAIINS
B BOJTHOM PacTBOPE OIMKCHIBACTCS IIPOCTHIM YPaBHEHUEM:

Ka
RCOOH + H,0 =RCOO- + H;0*

B KayecTBe CTaHIApTHOW XapaKTePUCTUKU CUJIbI KUCIOTHI
ucrnoyb3yeTcss 3HaueHue pK, — oOpaTHoOro jorapudma KOH-
CTaHTbI PABHOBECHSI:

pKa = _nga
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3HaueHue pK, KuciaoThl cooTBeTcTBYeT pH pactBOpa, mpu
KOTOPOM KHCJIOTa AMCCOLIMMPOBaHA POBHO HAamojoBuHY. Yem
MeHblie pK,, TeM cuibHee KuciaoTa. B tabnutie 4.12 npuBeneHbl
3Ha4YeHUs p K, MaCISTHOI KUCIOTHI M U30MEPHBIX XJIOPMACIISTHBIX
KHCIIOT. DJIeKTPOHOAKIICTITOPHEIN 3aMeCTUTENh R yBemmumBaeT
crabmibHOCTh aHnoHa RCOO™. BBegeHMe 37eKTpOHOAKIIEII-
TOPHOTO aTOMa XJIOpa B O-TTOJIOXKEHUE K KAPOOKCUILHOM IpyIIre
MPUBOIUT K POCTY CUJIBI KUCJIOTHI Ha JIBa TIOPsIIKa, a IiepeMeliie-
HIE eTo B 00Jiee yaaJeHHBIE TTOJ0XEHUS OBICTPO OCIIA0ISIeT 3TOT

a3 dexT.

Tabmnua 4.12. 3HaueHust pK, MacisiHON KUCJIOTBI U U30MEPHBIX XJIOp-
MAaCJISTHBIX KMCJIOT

Kucnora pK,
CH3;CH,CHCICOOH 2,86
CH3CHCICH,COOH 4,05
CICH,CH,CH,COOH 4,52
CH3;CH,CH,COOH 4,82

VBenuueHue yuciaa 3JeKTPOHOAKLENTOPHBIX 3aMeCTUTeNei
Y OJJHOTO Y TOTO e aToMa yrjiepoja WITIOCTPUPYIOT TaHHbIE Ta-
onutiet 4.13, rne npuBeneHsl 3HaYeHUs pK, uist hTop- 1 XJIop3a-
MEIIEHHBIX YKCYCHBIX KACJIOT.

Ta6muua 4.13. 3Hauenust pK, yKCyCHOU KUCIOTBHI U 3aMEUIEHHBIX YK-
CYCHBIX KUCJIOT

Kucnora »K, Kucnora PK,
CH;COOH 4,76 FCH,COOH 2,59
CICH,COOH 2,87 F,CHCOOH 1,34
Cl,CHCOOH 1,30 F;CCOOH 0,52
Cl;CCOOH 0,64

Ecnu ykcycHast kucinora — cjabasi KMcjaora, To TpudTop-
U TPUXJIOPYKCYCHBbIE KMCJIOTbI IO CUJIE BIIOJIHE CPaBHUMBI
C MUHEpPaJIbHbIMU KUCI0TaMU. 3HayeHus pK, 11t 60jiee LKrpo-
KOro Habopa MOHO3aMeIIIEHHBIX YKCYCHBIX KHCJIOT MpeacTaBie-
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Ta6mnua 4.14. 3HaueHust pK, MOHO3aMEIIEHHBIX YKCYCHBIX KUCJIOT

RCH,COOH K,
CH;CH,CH,COOH (R = C,H5s) 4,82
CH;CH,COOH (R = CH3) 4,87
CH;COOH (R = H) 4,76
CH,=CHCH,COOH 4,34
(R=CH,==CH)

CgH5CH,COOH (R = C4Hs) 431
HOCH,COOH (R = OH) 3,83
ICH,COOH (R=1) 3,12
BrCH,COOH (R = Br) 2,90
CICH,COOH (R = Cl) 2,87
FCH,COOH (R = F) 2,59
NCCH,COOH (R = CN) 2,46
(CH3)3I4\_ICH2COOH (R= (CH3)31J§) 1,80
0,NCH,COOH (R = NO,) 1,48

HbI B Tabauue 4.14. OHU TTO3BOJISIIOT PACIIONOXKUTD 3aMECTUTE -
JIM TI0 3HaKy M BEJMYMHE MHAYKTUBHOTO 3(ddeKra B cileayo-
110050580301

CH, =~ C,H;>H>CH, = CH>CH,>0H>1>Br>CI>F>
>CN>NO,

JIOHOpHbBIE AJIKWIbHBIE 3aMECTUTEM HAXOASATCS Ha JIEBOM
Kparo 3TOro psijfia, U HaOII0AaeTCsl XOpolllee COOTBETCTBUE BEJI-
YUHBl UHIYKTUBHOTO 3(deKkTa ¢ 31eKTPOOTPULIATEIbHOCTIMU
3aMECTUTEJIEN.

OnHako 3JeKTPOHOAOHOPHbBIN WX 3JEKTPOHOAKIETITOPHBIA
3aMecTuTeb X MOXET OKa3blBaTh BJIMSHUE HA UHAMKATOPHYIO
rpynity COOH He TonbKO IyTeM CMEIIEHUS 31€KTPOHHOM IUTOT-
HOCTHU IO CHUCTEME O-CBSI3€i 3a CUeT UX MOoJsIpu3alliu, HO U ITy-
TEM TIPSIMOTO B3aUMOIEUCTBUSL 3apslOB WM TUIIONEH 4Yepe3
npoctpaHcTBO. C TaAKUMU B3aUMOJEVICTBUSIMU MbI TO3HAKOMUM-
cs B cienytonieii sekuuu. OopaTuTe BHUMaHUE HA MHTEPECHbIS
NaHHbIe 110 pK, KapOOHOBBIX KUCJIOT, COAECPXKAIIMX B KAa4eCTBE
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+ +
(CH);NCH,COOH (CH,);N(CH,),COOH
pK, =293 pK,=4,16
+ +
(CH3),N (CH3),N
COOH COOH
PK,=2,96 pK, =422
+
H3C_N H3C_N
COOH COOH
pK,=2,97 pK, =435
+
(CH,);N(CH,),COOH
pK,=4,96
+
(CH;),N COOH
pK,=2,69
H,C—N COOH
pK,=2,57

Puc. 4.30. 3HaueHust pK, KapOOHOBBIX KMCJIOT, COIAEPXKAIIUX B Kaue-
CTBE 3aMECTHTEJIsI 3apssKeHHbIE KaTUOHHBIE aMMOHUIHBIC

TPYIITIBI

3aMECTUTENST 3apssKEHHBbIE KaTMOHHBIE aMMOHMIHBIC TPYIIITBI
(puc. 4.30). 3HaueHus1 pK, OKa3bIBAIOTCSl OYEHb OJM3KUMU IS
CTPYKTYP C COBEPILIEHHO Pa3HbIMU CKEJIETaMU, €CJIN PACCTOSTHUS
MEXIy KATHOHHBIM LIECHTPOM U KapOOKCUJIOM B HUX OJIM3KU WJIU
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onnHAKOBEIL. M3 3TOTO CliemyeT, 4TO MMeeT MECTO M TIPSIMOE 3JIeK-
TPOCTATUUYECKOE B3aMMOICHCTBHE 3aMECTUTEISI M WHIUKATOP-
HOI TPYIIIBI Yepe3 TTPOCTPAHCTBO, KOTOPOE U JaeT B 3TOM CiTydae
OCHOBHOI BKJIan B udMeHeHue pK,. O1ot adbdeKT, aghgdexm no-
a5 F, B paMKax MCIOJIb3yeMOI MOJIEIN HeIb3sl CTPOro OTAEIUTh
OT UHAYKTUBHOTO 3(pdekTa I. IXx 00beAUHSIOT OOBIYHO U pac-
CMaTpHUBAIOT KaK MOJISIpHBI 3dekT (F+ 1).

OueBHUIHBIE TIPOSIBICHUS TTONSIPHOTO 3(pdeKra 3aMecTuTe-
JIeil OBUTM HalIeHBbl B M3MEHEHUSIX MHOTHUX CBOMICTB CAMBIX pa3-
JINYHBIX HACBIIIEHHBIX MOJIEKYJISIPHBIX CHUCTEM (ComepsKallux
TOJIbKO OJMHApPHBIE O-CBSI3M), U Mbl BCTPETUMCSI C HUMU B 3TOM
Kypce HeOTHOKPATHO.

4.15.3. Me3omepHnblii 3(ppexT

BnusgHue 3amectutrenieli Ha CBOWCTBA CUCTEM, COAEPKAILIMX
KpaTHBIE CBSI3M M apOMaTUUYECKUe TPYIIIIBI, TTPOSIBIISIETCST MHAYE.
B Tabnuue 4.15 codpaHbl naHHbIE 110 pK, 3aMelleHHbIX OeH3011 -
HBIX KUCJIOT.

Tabauna 4.15. 3HaueHust pK, 3aMelIEHHBbIX OEH30MHBIX KUCIOT

RC4H,COOH

R PK,
opmo- Mmema- napa-

H 4,19
CH;, 3,92 4,27 4,36
OH 2,98 4,06 4,48
OCH; 4,09 4,09 4,47
NO, 2,17 3,45 3,44
COOH 3,00 3,54 3,54
F 3,27 3,86 4,14
cl 2,92 3,82 3,99
Br 2,85 3,81 3,96
I 2,85 3,86 3,92
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YXe mpu OeryioM B3IUISIAEe Ha 3TH 3HAYCHUST MOXKHO 3aMe-
TUTh, YTO 3aMECTUTENIM OKa3bIBAlOT BIMSHME Ha KOHCTAHTY
IHUCCOUMAMU OCH30MHON KHCIOTHI B COOTBETCTBUU CO CBOUM
WHOYKTUBHBIM 3((EKTOM JNIIb U3 Mema-ToNoxeHus. ['n-
IPOKCUJT M METOKCHU-TPYIIIA, TUHITHYHBIC 3JIEKTPOHOAKIIETITOPHI
B a(aTUICCKOM PSIAY, TIPU BBEACHUHU B nApa-TIOJOXECHUE BbI-
CTYMaloT KaK MOIIIHbIE TOHOPHI. [IpuunHa 3TOTO SIBICHUS HaM
M3BECTHA M3 IIKOJBHOTO Kypca XUMUM — 3TO MPOSIBICHUE I~
thexma conpancenus (£C) unu, B repmuHojoruu MHronpna, me-
30mepro2o 3¢ppexma (= M). OH BO3ZHUKAET B TOM cIydae, €Cu
C aTOMOM yIJIEpOJa B Sp2- WIM Sp-THOPUAN3ALUU, BXOISIIAM
B KPaTHYIO CBSI3b UJIM apOMaTUUYECKYIO CHCTEMY, CBSI3aH 3aMe-
CTUTEJb, HECYIINI HETIOACICHHYIO TTapy 3JeKTPOHOB Ha HU3-
KoJIeXKalleld OpONTaIN YUIM HA3KOJIEXKAIIyl0 BAKAHTHYIO OpOM-
Tajlb. Mbl yXe oOCyXaaau 3TO SBJeHUE B JieKUUu 1 B CBSI3U
¢ Teopueil peszoHaHca. IlepepacmpeneneHue 3JIeKTPOHHOMU
TUIOTHOCTHU BCJIEACTBUE OOpa30BaHUSI COMPSIKEHHOW CHCTEMBbI
B TaKOM CJIydyae MOXKHO IPEICTaBUTh, MCITOJB3Ysd CUMBOJIMKY
PE30HAHCHBIX CTPYKTYP FUIM M3O0THYTHIX CTPEJIOK U Mapliiaib-
HBIX 3apsmoB. Ha puc. 4.31 mokaszaHa mejoKaam3alnsl JIeK-
TPOHHOH IIJIOTHOCTHU 3a CUET CONPSDKEHUSI B MoOJIeKynax (heHo-
Jla, aHWJIMHA YU HUTPOOEeH30J1a.

Jlerko BUOETh, 4TO 3G @PEKT CONMPSIKEHUS MPUBOINT K TTOSIB-
JICHUIO M30BITOYHOTO TMapIMabHOTO 3apsina (MOJIOXKUTEILHOTO
WIN OTPUIIATEIIBHOTO) TOJBKO B 0pmo- U NaApa-TIOJOXECHUSIX
apoMaTH4ecKoro sapa. B mema-nonoxeHuss oH He mepenaeTcs.
B napa-3amenieHHbIX 6€H30MHBIX KUCJIOTaX U UX aHMOHAX B CO-
MpsKEHNE BKITIOUAIOTCST 00e (DYHKIIMOHAJBHBIE Tpymniel. Ha-
puMep, IIPY BBEICHUN B napa-TIOJIOKCHNE HUTPOTPYIIIIBI KHC-
JIOTHOCTbH BO3pAacTaeT Ha JIBa IMOPsIIKa 3a CYET PE3OHAHCHOM CTa-
OMIM3aLMKU aHUOHA.

Tort xe adpdexr, HO B elle Oojiee IpKoit hopme MposIBIsSIETCS
B 3HaueHUsIX pK, HUTpodeHooB (Tadi. 4.16). deHOM — OYECHB
ciabast KMCI0Ta, HO TIOCJIeIOBaTeIbHOE BBEACHUE ABYX HUTPO-
TPYII B MOJOXEHUS 2 1 4 yBeIMYMBAIOT KUCIOTHOCTD 2,4-I1-
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Puc. 4.31. [lenokanu3zaiusi 3JIeKTpPOHHO TUIOTHOCTHU 32 CUET COTPSDKEHUS B MO-
JieKyax dheHona, aHUIMHA U HUTPOOEH301a

Ta6mnua 4.16. 3HaueHust pK, HUTpoheHOIO0B

Denon pK, Denon pK,
deHon 9,89 2,5-nTUHUATPODEHOT 5,15
2-HUTpODEHOT 7,23 2,6-TMHATPOGDEHOIT 4,15
3-HuTpodeHoa 8,35 3,4-nuHUTpODEHOT 5,37
4-auTpodeHoT 7,15 3,5-muHATPOGEHOIT 6,68
2,3-nuHUATPOGdEHON 4,89 2,4,6-tpuHUTpODEHO 0,8
2,4-nuHUTpODEHOT 4,08
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HUTpO(hEHOJIa TIOYTH Ha IIIeCTh ITOPSIIKOB, B TO BpeMsl KaK Mpu
BBEICHUU JABYX HUTPOTPYIIN B Mema-nojioxeHust 3 u 5, rue ad-
(bexT compsokeHU He paboTaeT M BIUSIHIE OCTACTCST YNCTO MH-
JIYKTUBHBIM, KUCJIOTHOCTh YBEJIMUMBAETCS JIMILIb HA TPU MOPSI/I-
Ka ¢ HEOOJIbIIIUM.

Me3oMepHBIiT M MHAYKTUBHBIA 3((GEKTHl MOTYT HE COBIIa-
IaTh 110 3HAKy. B Tabmmiie 4.17 nmpuBenecHBI OCHOBHBIC TUIIHI 3a-
MEeCTUTeJIeil B apoMaTUYeCKOM KOJIbIIE M COOTBETCTBYIOIIME UM
3JIEKTPOHHBIE 3(P(PEKTHI.

Taomnna 4.17. DnekTpoHHbIE 3(P(hEKTH 3aMECTUTENE B apoMaThye-
CKOM KOJIbLIE

T WupykruBHblii | Me3oMepHblii Com:qecmoe
addext adexr neiicTBue
AnxunbHble rpynrbl (R) +17 — JIOHOp
—O0~ +7 +M JIOHOP
— NH,, —NHR, —NR, -/ +M JIOHOP
—OH, —OR -1 +M JIOHOD
—NHj —NRj} -1 — aKLIENTOp
Tanorens! (F, Cl, Br, I) -1 +M aKLEeNTop
>C =0 -1 -M aKLenTop
— COOH, — COOR -1/ -M aK1IenTop
—NO, -/ M aKLENTop
—C=N -1 —-M aKLEnTop
—SO3H -1 -M aKLENTop

Heckonbko 0ocoboe MoyioKeHUe B PsILy 3aMeCTUTENei 3aHU -
MaloT aJKWIbHBIC TPYNITEL. JIOHOPHEIN MOJSIPHEIN 3G ¢GEKT an-
KWIbHBIX rpy1i (F+ I) yMeHbIIaeTcs B PSIAY:

(CH,),C > (CH,),CH > CH,CH, > CH,,.

D710 cienyeT U3 TOro (akra, 4To JAUIOJbHBIE MOMEHTHI aJl-
KIJIOEH30JIOB B Ta30BOi (Da3e YMEHBIIIAIOTCS B TOM 3Ke TTOPSIKe
(Tabmn. 4.18).



4.15. Onucanue 3¢pgpekmoé nepepacnpedenenus
21eKMPOHHOU NAOMHOCMU 6 CUCIeMe XUMUHECKUX c8s3ell

%)

Ta6muma 4.18. IumonbHBle MOMEHTBI M CKOPOCTH 3JIEKTPODUIEHOTO
XJIOPMPOBAHMUSI AKWIIOEH30JI0B

Coenunenne (CH3);CPh | (CH3),CHPh | CH3;CH,Ph CH3Ph
M (D) 0,70 0,65 0,58 0,37
OTHoOcUTeIbHAsK 32 51 94 100
CKOPOCTb

4.15.4. I'imepKonbloranust

C dopMaIbHOM TOYKM 3pEHMST aTKWIbHBIC TPYITITLI HE HECYT He-
MTOAEJIEHHBIX JIEKTPOHHBIX Map WM HU3KO JIEKAIINX BaKAHTHBIX
opOuTasieil, a MO3TOMY UX BJIMSIHUE NOJKHO OBITh YMCTO WH-
OYKTUBHBIM. Torma ciieayeT OXuIaTh, YTO peakKIIMOHHAs CIIO-
COOHOCTB aJTKMJIOEH30JIOB B PEaKIIUSIX SJIEKTPODIIHLHOTO 3aMe-
IIEeHUS TaKKe JOJDKHA YMEHbBIIATHCSI B COOTBETCTBUM C MHIYK-
TUBHBIM 3(M@dEKTOM TMpU IBUXEHUU OT TpeT-OyTuiadeH3oaa
K Tostyosty. HeoxxugaHHO oKa3bIBajloCh, UTO 3TO He Tak. Hampu-
Mep, B peakInuy 3JeKTPOGUIBHOTO XJIOPUPOBAHUS B napa-Tio-
JIOXKEHME apOMaTHIECKOTO spa (31ech MPOCTPaHCTBEHHBIN (-
(bexT oTCyTCTBYET) OHA M3MEHSIETCSI B TIPOTHMBOITOJIOXKHOM I1O-
psanke (cMm. Tab6a. 4.18). Emie omHy aHOMaMIO OOHAapyXKWJ
P. MannukeH (0 HeM 1 paccKa3bIBaJl Ha TIPOILJION JIEKLIMU).
B xonue 30-x rT. TIponmnioro Beka, usydasg Y®-crieKTphl 3aMe-
IIEHHBIX aJTKeHOB, OH HAIIleJ, YTO IIPHCOCINHECHNE aIKIIBHOMN
IPYMIbl K TBOWHON CBSI3U BbI3bIBACT 3aMETHBI OATOXPOMHBIMI
CIBUT T10JIOC TIOTJIOIIEHMSI, TAKOM XKe, KaK U B CIIEKTpax COMpsi-
JKEHHBIX OUEHOB. DJIEKTPOHHBIN 3(P(eKT, OTBETCTBEHHBIN 3a
3Ty aHOMAJIMIO, OH Ha3BaJl CEPXCONPANCEHUEM — 2UNEPKOHBIO2A-
uueil.

ITonpobyeM paszobpaTbesi B Mpupojae 3Toro addekra, mc-
noab3ys npeactaBiaeHus metona MO. BzaumoneiictBue Mexmay
KPaTHOM CBS3bI0 MJIM AapOMATUYECKON CUCTEMOM, C OMHOM CTO-
POHBI, M aJKWJIBHBEIM 3aMECTUTEJIEM — C IPYTOM, IMPUBOIUT
K TEepPeHOCYy 3JIEKTPOHHON TIJIOTHOCTU C 3aMECTUTENSI B JT-CH-
creMy. OYeBMIHBIMU YYaCTHMKAMK 3TOrO B3aMMOACHCTBUS
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IokHBI 06T B3MO ankumnbHo# rpyrmel 1 HBMO m-cucre-

Kak Beirmgour B3MO ankaHa, Mbl MOXEM BBISICHUTD,
BHOBb 00paTtuBIIUCH K puc. 4.7, rae mokazaHa quarpamma MO
sraHa. Ero B3BMO umeer m-cUMMETpHIO, OHa TOCTpOEHa U3
1s-AO aTomoB Bogopoaa u 2p-AO aToMOB yrjiepoaa U OTBE4aeT
3a CBSI3bIBAaHME aTOMOB YTJIepoIa ¢ aToOMaMH BOIOpoaa, T. €. 3TO
opourtanb cBsazeit C—H. Mbl moka enie HUYEro He 3HaeM
o HBMO apomaTWuecKMX ILHMKJIOB, a IT03TOMY HECKOJIBKO
YOPOCTUM 3amauy U chopmyarupyeM ee B OoJiee 00IeM BUIEC.
PaccMoTpuM cucteMy, B KOTopoil BakaHTHas m*-MO aBoitHOI
cBs13u C=Y (Y = C, O wim N) npuHUMAET JIEKTPOHBI CO CBSI-
3bIBAIOIIEl IBaXKIbl 3aHATOI opouTanu o-cBsi3u C—X. [l To-
TO YTOOBI TAKOE B3aMMOICUCTBHE OBIJIO BO3MOXKHBIM, MHTETPAJ
MEPEKPBIBAHKSA MEXIY 3TUMU OpOUTANAMU S; NOJIKEH OBITH
oosblie 0. DTOMY YCIOBUIO YIOBIETBOPSIET KOH(POpMaLKs, MO-
Ka3zaHHasg Ha puc. 4.32.

*-opSiTats —> Q ' X
60

S

<—— g-opburajib

X = H, C, Li, Si, Sn, Hg
Y=C,0,N

Puc. 4.32. B 310i1 KoH(OpMaLIMK BOBMOXHO THIIEPKOHBIOTATUBHOE B3aMMOJICH-
ctBue 7-cBs13u C=—=Y u o-cBs13u C—X

Briurpsliil B 3HEpruu Mpyu TaKOM CBSI3bIBAIOIEM B3aUMOIEii-
CTBMU IIPUMEPHO ITPONMOPIMOHAJICH KBaJApaTy MHTErpajia nepe-
KPBIBAHUS M 00OpaTHO MIPONOPLIMOHAIEH Pa3HOCTU SHEPTUi B3a-
MMOIEHMCTBYIOLINX OPOUTAJIEHA:

~ SHE;— E)~!

M3 atoro BhITeKaeT, UTO 3(PPEKT runepkoHbOraunum Oynet
MNPOSIBIISATbCSL TEM CHUJIbHEE, YeM HIXKE I10 SHEpPruu JIeXKHUT
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m*-MO kpatHoif cBs13u C=—Y U1 4eM BBbIIlIE DHEPTUS 3aHATOM
opoutanu o-cBs3u C—X. Opoutanum C— H-cBs3eit BbIlIE 110
sHeprun, yeM opourtanu cBszeit C— C. I[losatomy CH;-rpymia,
[Jie TAKMX CBSI3€i TpU U BEPOSITHOCTD peain3aliy Haubosiee Bbi-
FOMHOI UIsI TUIIEPKOHBIOTALUKM KOH(OpMaLuu HauOOJIbIIas,
OoJTblIIe BCEro MposBIseT 3TOT 3¢ deKT. B emie 6omblieit crene-
HU €ro JOJIKHBI IIPOSIBJISAT CBSI3M YIJIEPOAa C 3J€KTPOIOJIOXM-
TeJIbHBIMU 3JIEMEHTaMM, B YaCTHOCTH C MeTajulaMu. B najibHeii-
IIIEM MbI BCTPETUMCS C OOJIBIIMM KOJIMYECTBOM IIPUMEPOB, IO~
TBepxkaaromux 3ToT BeiBoA. CBsizu C—O0 u C=N noJsapHbI, UX
m*-MO JexaT 3HAaYUTENIbHO HMXE MO 3Hepruu, yeM m*-MO
cBsa3eit C=C. INoaroMy 3(peKThl TMIEPKOHBIOTALIMA OCOOEH-
HO SIPKO ITPOSIBJISIIOTCS B CBOMCTBAX Ql-MeTaJIZIMPOBaHHBIX KapOo-
HWIbHBIX coelMHeHUit. Hanpumep, B a-XJIOpMepPKYpajIbIeruie
(11) oHO BBIpaXkEHO CTOJIb CUJIBLHO, UTO Psifi peaKlnii ero, mpoTe-
KaloIIMX C 3JIMMUHUPOBAHUEM PTYTH, UAET HE TT0 MECTY pa3phbiBa
cBsa3u Hg—C, a mo kuciopogHoMy atomy rpymnmsl C=0, T. e.
C nepenocom peaxuyuonnozo uenmpa (puc. 4.33).

0
ClHg—CH,—C=0 + g—cm—»
Hob
(11)
— HgCl, + CH,=C— OCOCH;
15

Puc. 4.33. AunnupoBaHue o-xjiopMepKypaibaeruaa (11) nporekaer ¢ nepenocom
DeAKUUOHHO20 UeHMPA

IMpenenbHbIl ciiydyail peanusyeTcsl B KapOEHUEBBIX MOHAaX,
criekTpbl SIMP kotopbix JI. Ona perucTpupoBa B CyIIepPKUCIO-
tax. CaMBIM CTaOWIBHBIM CPEIW AaJKMJIKATUOHOB SIBJISICTCS
TpeT-OyTWIbHBIN KaTUOH, a CAMbIii HEYCTOMUMBBIA — METUJIb-
HBI:

(CH);C* > (CH,),CH* > (CH;)CHj > CH}
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3 o+ or o o+
H/,,' : r,’,' ;-
H/ o \'I/H H\\y =X '\'IIH
H H
H
OTUIIbHBIN M3onpornuibHbIi
KaTHOH KaTHOH
o+

R Mo+
H

TpeT-OyTunbHbII
KaTHOH

Puc. 4.34. Crabuiin3aiust KapOeHUEBbIX MOHOB 3a CYET TMITEPKOHBIOrallu1

MMeHHO TiepeHOC DBJEKTPOHHOM TIJIOTHOCTU CO CBsI3eil
C—H MeTuIBbHBIX TPYII Ha KapOeHUEBBIN LEHTP (BaKaHTHas
p-OpOMTAIIBb) 3a CUET TMIIEPKOHBIOTALINN OIIPEIEsIeT TAKOM 10~
PSIIOK YCTOMYMBOCTH (puc. 4.34).

Wrtak, runepKoHBIOTallisI, KOTOPYIO MBI TOJIBKO YTO PACCMO-
TpeJiv, TIPENCTaBIsIeT COO0M TIEPeHOC 3JIEKTPOHHOMN TUIOTHOCTH
co cBs3biBatonieir MO o-Tumna Ha pa3pbIXJISIONIYIO T*-0pOouTaab
WJIN BaKaHTHYIO p-opoutanb. Ho B camom o0111eM BHIe 3TOT 3Ke
TAN 3JIEKTPOHHOTO B3aMMOIEHCTBUS MOKET OCYIICCTBIISITBCS
MEXIY ABaXKIbl 3aHSITON O-OpOUTANIbIO M BAKAHTHOI 0*-0pOUTa-
Jp10. UMEHHO TaKOTO TUTIA 0,0 -TUIIepKOHBIOTAIMOHHBIC B3aK-
MOJIECTBUS OTIPEACIISTIOT OTHOCUTEIBHYIO CTAOMILHOCTh 3aTOP-
MOXEHHBIX KOH(MOpMaInii aJKaHOB U WX MPOU3BOIHBIX. DTOT
BOIIPOC OyIeT 00CYXIaThCsI B JIGKIIMU 7 TI0 KOH(OPMAIIMOHHO-
My aHaJIu3y.

MBI BCTpeTUMCS B TaJbHEHIIIEM TaKXKe ¢ TEPMUHOM ompuya-
menvHas eunepkonsioeayus. OHa TIPEICTABISICT COO0Il MepeHOoC
3JIEKTPOHHON IJIOTHOCTHU C 3aHsATOM 71-MO Ha pa3pbIXJISIONIyIo
o*-opoutanb. UMEeHHO 3TOT 3JeKTPOHHBIN 3(DdEKT OTBETCTBE-
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HEH 3a HEOObIUaiHO BBHICOKYIO YCTOMYMBOCTD mempakuc(Tpume-
TUJICUJIWIL)-LIUKJI00yTaaeHa, O KOTOPOM $I pacCKa3bIBajl B JIEK-
uu 2. 9Ty npobyemMy Mbl 0ojiee ToAPOOHO PacCMOTPUM B JIEK-
LIVSIX, TOCBSIIIEHHBIX TEOPUU aPOMATUYHOCTH.

4.15.5. I1pyHIMN JIMHEHHOCTH CBOOOIHBIX IHEPIUiA
u ypaBHenue ['ammera

Bcsikas Teopusi, a B TaHHOM CiIydae Mbl pacCMaTpUBaeM pa3Bu-
Tyo K. MHTOIbI0M TEOpUIO B3aMMOICHCTBUS MEXITYy aTOMaMU
(aTOMHBIMU TPYIITMPOBKAMHK ) B MOJIEKYJIaX, KOTOPOE TIepeaacT-
s KaK 0 CUCTEME XMMUUYECKUX CBS3€l, TaK M Yepe3 MpOoCTpaH-
CTBO, OCTaeTCs1 OECIOJIe3HOI 10 TeX Mop, MOKa OHa He JoKa3aja
CBOIO TPOTHOCTUYECKYIO CIIOCOOHOCTh Ha KOJMYECTBEHHOM
ypoBHE. B 3TOM KOHKpEeTHOM ciy4yae 1eJIb COCTOUT B TOM, YTO-
OBl HANTU TaKWe KOJIMYCCTBEHHBIC XapaKTePUCTUKHI DJICKTPOH-
Horo 3¢ dekra 3amecturens X (MHAYKTUBHOTO, ME3OMEPHOTO,
TUTIEPKOHBIOTALINU, TIPOCTPAHCTBEHHOTO M IIp.), KOTOPEIE TT0-
3BOJIJIA ObI pACCYMTATh KOHCTAHTY CKOPOCTU XUMUYECKOM pe-
aKIIMM WJIM KOHCTAHTY paBHOBECHUS IJIsI HEKOTOPOTO COeIMHEe-
Hus RX, ecau n3BeCTHBI 3HAYCHUS 3TUX KOHCTAHT IIJIs He3aMe-
meHHoro coequHeHus RH.

Haubosee ycmeniHyio IIOMBITKY B pEIICHUM 3TOM 3amadyu
caenan Jlyuc 'ammer. Ha ocHoBaHMM aHanu3a OOJBIIOTO 3KC-
MePMMEHTAJIbHOIO MaTepuaia 1o 3Ha4YeHUsIM KOHCTaHT IUCCO-
LIMalMy KapOOHOBBIX KUCJIOT U CKOPOCTSIM XMMMUECKMX peak-
LuMii oH copMyaMpoBal MPUHLIKI, COMIACHO KOTOPOMY €CJIU
3aMecTUTeNb X B TIpoliecce A BBI3BIBACT CABUT KOHCTAHTHI paB-
HoBecust AlgK,, TO ero BIMsSIHHE HAa KOHCTAHTY CXOIHOIO MO
npupoze paBHOBecusl B JIuMHEHO CBSI3aHO C 3TOM BEJIUYMHOIA:
AlgKz = cAlgK,. ITockonbKy KOHCTaHTa paBHOBECHSI OIIpenesi-
eTcsa 3HaueHueM cBobOomHou sHeprum 1gK, = —AG/RT, stor
TIPUHIINIT TIOJTYYMJI Ha3BaHUE HPUHUUR AUHEUHOCHU C80O0OHbBIX
snepeuti. 32 KOJIWYECTBEHHYIO Mepy 3ddekra 3amecTuTenst o,
I'ammeT BBIOpaIT JJorapyM OTHOIIEHUS KOHCTAHT PaBHOBECUS
zamenieHHoro (RX) u HesamemenHoro (RH) cybcerparoB
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B CTAaHJAPTHOI paBHOBecHOU peakunu: o, = Ig(Ky/Ky). B xaue-
CTBE TaKOl CTaHAAPTHOM peakluu («yCTaHOBOYHON cepumn») UM
ObUTa B3SITa OMCCOLMAIMS 3aMEIICHHBIX OCH30WHBIX KHUCIOT
(yacTb cBeeHUiIl 0 HUX MpuBeneHa B Tadauue 4.15). Ipemno-
>)KeHHoe ['aMMeTOM KOppeJsIlIMOHHOE YpaBHEHUE JIJISI KOHCTAHT
pPaBHOBECHSI U KOHCTAHT CKOPOCTEH APYTruX peakiuii UMeeT BUL:

12(Ky/Ky) = 00 .

B tabnuue 4.19 nmpuBeneHbl 3HaUY€HUs] KOHCTAaHT ['ammera
Opapa M Oyera IS HEKOTOPBIX 3AMECTUTENEH B OEH30NBLHOM SIIPE.
Jlerko BUAETH, YTO TOHOPHBIE 3AMECTUTENN UMEIOT OTPULIATEb-
HbIE 3HAYCHUSI O, a aKIIENTOPHbIE — TTOJIOXKUTEbHbIE 3HAUCHUS,
abCOJTIOTHBIE 3HAYEHUSI KOTOPBIX XOPOIIIO COTJIACYIOTCS C HaIIIU-
MM KAUYeCTBEHHBIMU MPEICTABICHUSIMU O CWJIE€ WX BIUSHUS.
B nutepatype MOXHO HaWTW COOTBETCTBYIOLIME 3HAYECHUS IS
ropasao 0oJiee LIMPOKOTo Habopa.

Tabmuua 4.19. 3HaueHMsT KOHCTAHT ['aMMeTa Oyapy U Oyera JUISL HEKOTO-
PBIX 3aMeCTUTENE B GEH30JIbHOM sIpe

I'pynna Onapa Opema I'pynna Onapa Opema
(o —0,81 —0,47 Br 0,26 0,37
NMe, —0,63 —0,10 I 0,28 0,34
NH, —0,57 —0,09 COOH 0,44 0,35
OH —0,38 0,13 COOR 0,44 0,35
OMe —0,28 0,10 COMe 0,47 0,36
CMes —0,15 —0,09 CF; 0,53 0,46
Me —0,14 —0,06 NHY 0,60 —
H 0,00 0,00 CN 0,70 —
Ph 0,05 0,05 SO,Me 0,73 —
CO0~ 0,11 0,02 NO, 0,81 0,71
F 0,15 0,34 NMe} 0,82 0,88
Cl 0,24 0,37 Ny 1,93 1,65

KoadduiimeHt p B mpuBeaeHHOM Bblllie ypaBHeHUU ['aMMe-
Ta XapaKTepu3yeT UyBCTBUTEIBHOCTb M3y4aeMOW peakuuu K
3JIEKTPOHHOMY BJIMSIHUIO 3aMECTUTENE. DTO ypaBHEHUE UMEET
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YUCTO SMITMPUIECKUI XapaKTep, M TPYIHO HANTU KaKoe-T0O0
TEOPETUYECKOEe 0OOCHOBAHUE MOIMYIIEHUIO, YTO OTKJIUK JIO00M
CHCTEMBI Ha BO3MYIIIEHME, BHOCUMOE 3aMecTuTesieM X, BCerma
TIOJKEeH OBITh TMHEHHBIM. DTO ypaBHEHUE U HAOOp MapaMeTpoB
OBLIM C OOJIBIIIMM YCIIEXOM MCITOJIb30BaHbI HE TOJIBKO JJISI TIPEi-
CKa3aHMSI KOHCTAaHT paBHOBECHS, HO TakKe IS TIPeIcKa3aHUs
CKOpOCTe#l peaklMii coeAMHEHUI OEH30JbHOTO psifia, XMMUYe-
CKHUX CIBUTOB B criekTpax AMP, a Takzke MHOTMX IPYTHUX CITEK-
TPaJbHBIX XapaKTepucTukK. OIHAKO 0Ka3aJoCh, YTO TaKOW IOMI-
XOII XOPOIIIO pabOTaeT TOJBKO ISl OTPAHMYCHHOIO YUCa TPo-
IEeCCOB, CXOMHBIX IO CBOEl XUMHUYECKOUW Tpupope. s
WCITOTB30BAHUSI B JPYTUX PEAKIUSIX MPUXOIWIOCH HCITOIb30-
BaTh Jpyrue Habopbl KOHCTAHT 0. Tak, ¢ UCMOJb30BaAHUEM JIPY-
TOil yCTaHOBOYHOI CepUU OBUIM MPEII0XKEeHBI KOHCTaHTHI bpay-
Ha (0", 07), KOTOpbIE XapaKTepU3YyIOT Mepy B3auMMOJIEHCTBUIA
3aMECTUTENSI C BO3HUKAIOIIUM B TPOIIECCE PEeaKIMU MOJIOXU-
TeJIbHBIM (peakUMu 3IeKTPOPUILHOTO apoOMaTUIECKOTO 3aMe-
IIEHWS) VI OTPUIIATETbHBIM IIEHTPOM, a TaKKe KOHCTaHTHI Oy
U Oy, XapaKTepHU3YIoIIMe MHIYKIIMOHHBINA 1 ME30MEPHBIN (pe30-
HaHCHBIN) 3 dekThl 3amecTuTenst. beuiu npeanoXeHbl TakxKe
JByXIITapaMeTPOBbIE KOPPEISILIMOHHBIC YPABHEHMSI.

B nauvaie 60-x rr. — cepeamte 80-X IT. IPOIIOTO CTOJIETUS
B JINTEpAType €XEeTOMHO TMOSIBISIIIOCh HECKOJIBKO COTEH padoT,
TTOCBSIIIIEHHBIX UCITOJIb30BAaHUIO ypaBHeHUsI [amMmMeTa U aHao-
TUYHBIX KOPPEISLIMOHHBIX COOTHOIIEHU. OCHOBHbBIE TOCTHXKE-
HUS U OpoOJeMbl B 3TOM 00JaCTUM OTJIUYHO IIpeICTaBJIEHbI
U TIpoaHaIM3upoBaHBl B MoHorpadum A.C. JIHEempoBCKOTO
(Auenposckuit A.C., Temuukosa T.!. TeopeTuyeckrie OCHOBBI
oprannyeckoit xumuu. JI.: Xumus, 1991). OgHako B nmocieayro-
1€ TONbl MHTEPEC K MCIOJIb30BAHUIO 3TOTO IMOAXO0a B Mpel-
CKazaTeJIbHBIX ¥ aHAIMTUICCKUX IIEJISIX pe3Ko yrnai. Tak B HayKe
MIPOMCXOIUT BCeTAa, KoTda IJisS pelleHUs aKTyaJbHOU 3amadm
MOSIBJISIETCS] HOBBII, Topa3no 6osiee 3(pHeKTUBHBINA UHCTPYMEHT,
HCMOJIb30BaHNE KOTOPOTO CTAHOBUTCS MOCTYIHBIM KaxKIOMY.
Pacrionaras ceityac KOMILJIEKCOM KBAaHTOBO-XMMUYECKUX METO-
JIOB BBICOKOTO YPOBHS M TTEPCOHAIBHBIM KOMITBIOTEPOM, XUMUK
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nMeeT BO3MOXHOCTD TIPH TNIAHMPOBAHUY CBOETO MCCIICIOBAHUS
YK€ Ha HauaJTbHOM 3Tarie paboThl TIPOBECTHU IETAIbHBIC PACUEThI
CTPYKTYPBI ¥ CBOMCTB JIOCTATOYHO CJIOXHBIX MOJIEKYJISIPHBIX CH -
cTteM. B TeyeHMe OBYX-Tpex 4acoOB MOXHO paccyuTaTh, HAIlpH-
Mep, CTPYKTYpY, comepxkainyto no 100 atToMoB yriepona, olie-
HUTb TEPMOIMHAMNIECCKYIO I KHHETUIECKYIO CTAOMIBHOCTh 00-
pasymoNIMXxcsl MPOMYKTOB U KOHCTAaHTY PAaBHOBECHS Ipoliecca.
Pacuer BeTMuMHBI 9HEPreTUYECKOro dapbepa U3ydyaeMoil peak-
LM ¥ OLIEHKA BIUSHUS Pa3IMUHbIX CTPYKTYPHBIX (PaKTOPOB Ha
3TOT Gapbep MOTpedyeT elle HeCKOJbKMX YacoB padboThl. B Moeii
HAYYHOU TPYyMITe 3TOT IMOAXOMI JaBHO CTaJ HOPMOM. A TTO3TOMY
BOCITOJTb3yeMCsI UM U TIPOBEPUM, HACKOJIBKO Ka4eCTBEHHBIE TT0-
JIOKeHUST 00 MHAYKTUBHOM U Me30MepHOM 3¢ deKTe coriacy-
IOTCSI C pe3y/IbTaTaMi pacyeTa 10CTaTOYHO BHICOKOTO YPOBHSI.
ITo moeit npocsbe k.x.H. M.I1. I'Topro30B mpoBes pacyeThl
pacrpeneeHnsT 3JIeKTPOHHON IIIOTHOCTH METOIOM (DYHKIIMO-
HaJla TUIOTHOCTH C MCITOJTb30BaHMEM HEeIMITUPUIECKOTO Tpai-
eHT-KoppeKTupoBaHHOTO (pyHKIMoHana PBE u pacimmpeHHoro
paciierieHHoro 6asuca TZ-kadyecTBa B MoJieKyJiax OyTaHa, Oy-
T Toprna, OYTUIXIOpHIA M OYTHILTUTHS C IIEJIBIO IIPOBEPUTD,
HACKOJIBKO CITPaBEUTMBO TTOJIOKEHUE O TOM, UTO 3a CUET ITOJISI-
PU3aLUY CBSI3eil MHIYKTUBHBINA 3((GEKT 3aMeCTUTEIIS] TTIPUBOIUAT
K TIOCTEIIEHHOMY YMEHBIIEHUI0 WHAYLUUPOBAHHOTO UM 3apsiaa
MO LIeTIOYKEe YIJIEPOAHBIX aTOMOB, KaK 3TO IIPEACTaBICHO Ha
puc. 4.29. I'eoMmeTpusi ObIJIa TIOJIHOCTHIO ONTUMU3MPOBAHA IS
YCIIOBUI ra3oBoii a3pl. PacueTsl Ha OOBIYHOM ITePCOHATHLHOM
KoMIbloTepe (Trpoleccop ¢ TakToBoit yactoToil 3 I'Tir) mo co-
3nanHHoii JI.H. JlaiikoBeim mnporpamme «ITPUPOIA» (Jlaii-
xoB JI.H., YcreiHiok FO.A. Cucrema KBAHTOBOXMMUYECKUX TTPO-
rpamMm «ITPUPOJIA-04». HoBble BO3MOXHOCTH MCCIIETOBAHUS
MOJIEKYJISIPHBIX CUCTEM C TIPUMEHEHHMEM TapajUIeIbHbIX BbIUKC-
nennit // U3Bectust AH. Cepust «Xumusi». 2005. Ne 3. C. 804—
810) 3aHsAIM Bcero HECKOIbKO MUHYT. BeTnunHbI 3apsinoB, pac-
CYUTAHHBIX 110 XUPII(EeTbATY, MpeacTaBiacHbl B Tadauie 4.20.
YTo 3Ke TTOKa3BkIBAIOT 3TU PE3YNIBTAThI? Bo-TIepBHIX, XOTS 3(-
(bexT 3amecTuTeNsT YMEHBIIAETCS BIOJIb 10 TIETH U MPAaKTUIeCKU
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Tabmnua 4.20. 3apsiasr Ha atomax B Monekynax CH;CH,CH,CH,X
(X = H, Li, F, Cl). B ckobkax IpuBeIeHb CyMMapHbIe
3apsabl Ha aToMax BOJIOpOA IMPU COOTBETCTBYIOLIEM
yriaepone

X 3apsiabt
C C, C3 Cy X

H —0,09 —0,05 —0,05 —0,09 +0,03
(+0,085) (+0,052) (+0,052) (+0,085)

Li —0,35 —0,07 —0,06 —0,10 +0,475
(-0,033) (+0,026) (+0,046) (+0,083)

Cl 0,00 —0,05 —0,04 —0,08 —0,125
(+0,086) (+0,067) (+0,059) (+0,094)

F +0,32 —0,06 —0,04 —0,08 —0,125
(+0,064) (+0,067) (+0,058) (+0,092)

HEe YYBCTBYETCS yKe Ha KOHIIEBBIX METWJIHHBIX TPYIIIax, cpaszy
BUIIHO, YTO TIPUMUTHBHAS cXema IepepacrnpeneaeHUs] JIeK-
TPOHHOH IIOTHOCTH, ITOKa3aHHas Ha puc. 4.29, He TIPOXOINUT.
He HaGironaeTcst MOHOTOHHOTO YMEHbBIIIEHUST UHIYIIUPOBAHHO-
TO 3aMECTUTEJIeM 3apsiia BAOJb YIJIEPOIHON 1IEMOYKH, a B CIIy-
yae OyTmidTopuaa MMeeT MeCTo albTepHupoBaHue. M Bo-BTO-
PBIX, CTOJIb € SICHO BUITHO, YTO B IepepacrpeaesieHu 3apsiioB
akTUBHO yyacTByIOT cBsi3u C— H. [louemy He paboTaeT npumu-
TUBHasg cxema? O4eBUIHO, YTO IepepaciipenesieHue JIeKTPOH-
HOW TIJIOTHOCTHU OIIpeAeNISIeTCS He TOJIbKO WHIYKTUBHBIM 3(-
(bexToM, HO B HEM YYacTBYIOT BC€ aTOMbI MOJIEKYJI, T. €. IIPOKC-
XOIUT MOJIHAS AeJIOKATU3AIINS.

O6paTMcs Terephb K Cepry 3aMeIlleHHBIX OCH30JI0B U TIPO-
BEpUM, KaK pabOTaIoT MPeICTaBIeHUs O Me30MEpHOM 3(peKTe,
TeM 3Ke criocodboM. PacueTsl pacripeneneHus 3apsaoBOii TIJIOT-
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Ta6amna 4.21.

3apsmbl Ha aToMax B MOJIeKyJax OeH3o0J1a, Toiyosna, de-

HoJIa, HUTpOoOeH30J1a U napa-HuTpodeHona. B ckodkax
TIPUBENCHBI 3apsiAbl HA aTOMaX BOAOPOAA TPU COOTBET-
CTBYIOIIIEM YTJIepo/e

3apsapl
XY
Cq C, C3 Cy X Y
H (H) —0,044 | —0,044 | —0,044 | —0,044
(+0,044) | (+0,044) | (+0,044) | (+0,044)
CHj (H) +0,008 | —0,050 | —0,046 | —0,049 | —0,099
(+0,04) | (+0,043) | (+0,043) | (+0,123)
HO (H) +0,065 | —0,063 | —0,042 —0,06 —0,165
(+0,045) | (+0,045) | (+0,042) | (+0,04)
NO, (H) +0,022 | —0,034 | —0,031 | —0,025 +0,22
(+0,052) | (+0,053) | (+0,054)
NO, (OH) | +0,082 | —0,030 | —0,050 | +0,001 | +0,216 | —0,146
(+0,056) | (+0,049)

HOCTH OBIIM BBITIOJIHEHHI JJISI MOJIEKYJT OeH30J1a, ToIyona, de-
HoJIa, HUTPOOEH30J1a U napa-HuTpodeHona. Pe3ynbraThl moka-
3aHbI B Tabauue 4. 21.
Ha 3amelneHHbIX OeH30JiaX HaOMIOAaeTCsl ropasao Jydllee
corjacue MeXOy pe3yJbTaTaMu pacueTa M TeHISHIIUEeH, mpen-
CKa3bIBaCMOM Ha KauyeCTBEHHOM ypPOBHE HAa OCHOBAaHUM COBO-
KyITHOCTA ME30MEPHOTO Y MHAYKTUBHOTO 3 deKkToB. Pacuers
He 3aHMMAaIOT MHOTO BpeMeHHU. Sl Haleroch, YTO K KOHILY HaIlInX
3aHATHUI MHOTHE U3 BaC OCBOSIT 3TY PYTMHHYIO TIPOLIECAYDY.



JIEKLIMNA 5

MEXXMOJIEKYJTAPHbBIE
B3AMMOENCTBUA

CopaeprkaHue nekumm

5.1. Beegenue

5.2. KynoHoBcKoe, MOH-AMMONbHOE, AUMONb-AUMONBHOE U AUCTIEPCUOHHOE B3auUMO-
AencTena

5.3. MonekynAapHbIii anekTpocTatudeckuin noteHumran (M3I1)

5.4. XvMua pbixnbix nbtoncosbix nap («Frustrated Lewis Pair Chemistryy)

5.1. BeegeHnue

B kypce opraHu4ecKoil XMuMUKM Mbl U3y4yaeM CTPOEHUE OpraHu-
YEeCKUX MOJIEKYJ] M UX peaklMU, KOTOpble MOTYT MpOTeKaTh
B ra3oBoii (hase, B XKUIKOCTU UJIM PacTBOPE, a TAKXKE B TBEPAOM
tene. OueBUAHO, UTO ABe yacTULbl A U B miepen Tem, Kak OHU
MIpopearupyroT, JOIKHBI COJM3UTHCS ApYyT ¢ Apyrom. [loatomy
IIJIST HAaC Ype3BBIYAfHO BaXKHO 3HATH, KAKKME CHIIBI OIIPEACIISIIOT
MEXMOJIEKYJISIPHOE B3aUMOJIECUCTBUE, a CTAO OBITh, CKOPOCTU
W HalpapBJieHUsT XuMuueckux peakuuit. [Tonararo, 4To 3TOT BO-
Mpoc ObLI JOCTAaTOYHO NETaJbHO PACCMOTPEH B 0OIEM Kypce
U3k, HO, KaK IOKAa3bIBaeT MO MHOTOJIETHUI OIIBIT, CTYy-
IEHT MMEET TIPUBBIYKY OYeHBb OBICTPO «BBIOPACKHIBATH M3 TOJI0-
BBI» T€ CBEICHMsI, KOTOPhIC HE MCIIOIB3YIOTCSA OoJiee ToIyroa.
Kaxnplil xenaromuii mpyu HeOOXOAMMOCTU MOXET caM HaWTu
UX B yyeOHUKe uiau B UHTepHeTe, HO B MOPSIAKE HAITIOMUHAHUS
MBI BCE XK€ KOPOTKO €llle pa3 BEpHEMCS K 3TOMY MaTepuaiy.
Cunbl, IpUBOASIINE K 00pa30BaHUIO MPOYHBIX KOBAJICHTHBIX
CBsI3€H, B IBYX MPEAbIAYIIMX JEKIUSIX Mbl PACCMOTPEIN 10CTa-
TOYHO MOAPOOHO.
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5.2. KynoHoBsckoe, MoH-annonsHoe,
AVNONb-AUNOSNIbHOE U AUCMEPCUOHHOE
B3aUMOAENCTBUA

MeXMOJIEKYJISIPHOE B3aMMOJICICTBUE UMEET B OCHOBHOM 3JIEK-
TPOCTATUYECKYIO IIPUPOLY. DJIEKTPOCTATUYECKOE B3aMMOIEN-

CTBME 3aPSKEHHbBIX YACTULL OTHOCUTCS K YUCILY CAMbBIX CUJIBHBIX
U NaJIbHOAEUCTBYIOIIIMX.

IMpouHas KoBaJIeHTHasl CBSI3b

Boutee craboe MeXMOJIEKYIISIPHOE
B3aUMOJIEiiCTBIE

BzaumoneiicTBre IByX TOYSUHBIX 3apsiIOB ONpenesaeTcs 3a-
koHoM KysnoHa: cuia B3auMoaeiCcTBUS IBYX TOUEYHBIX 3apsiIoB
B BaKyyMe HallpaBjieHa BIOJIb MPSIMOii, COENUHSIIONIEH 3TH 3a-
PSIIBL, TIPOITOPIIMOHAIBHA UX BEJTMYMHAM M 00paTHO TTPOITOPIIH-
OHaJIbHA KBaIpaTy PacCTOSTHUS MexXay HuMu. OHa SIBJISIeTCS CU-
JIOU TIPUTSIKEHMSI, €CJTA 3HAKK 3apsIIoB pa3HbIe, M CHJION OTTal-
KWBaHUS, €CITH TH 3HAKW OTNHAKOBBI:

_ 49
F= (4mey)r?’

DHepruy B3aMMOMNEICTBUSI MOHOB B KPUCTAJUTMYECKUX Pe-
IIeTKax cosieil Benuku. Harmpmmep, sHTambmms oOpa3oBaHUS
tBepaoro NaCl u3 razoo0pa3HbIX MOHOB cocTaBlsgeT 788 KIIxk/
MOJIb.

B Mupe opraHryecKux MOJIEKYJI MbI Yallle BCErO BCTPeYaeM-
Cs1 C MOH-IUIIOJIbHBIM U JUIIOIb-AUIIOJBHBIM MEXMOJIEKYJISIP-
HBIMM B3auMoneicTBusiMu. OnucaHue MOH-AUIIOJBHOIO B3au-
MozeicTBust 1 B3si1 U3 «ClioBapss HAHOTEPMUHOB», ITOCKOJIbKY
HallleJ €ro KPaTKUM U SICHBIM:
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«MoH-muIIonbHOe B3aMMOACHCTBME — B3aMMOICHCTBUE
MEXITy MOHOM U MOJICKYJION ¢ IMOCTOSSHHBIM WJI HaBEACHHBIM
TUTOJBHBIM MOMEHTOM. OHO OTHOCHMTCSI K ClIaOBIM, HEKOBa-
JICHTHBIM CBSI35IM U OOYCJIOBJIEHO B3aMMOMEICTBUEM MEXIY MO0-
HaMU U TOJSIPHBIMUM TPYMNIIaMU MOJIeKyJl (T100 (IyKTyauusMu
UX 3JIEKTPOHHOM TJIOTHOCTHU). DHEPTUSI MOH-IUTOJbHOI CBI3U
coctapysier 50—200 k/>x/Monb. MOXHO BbIIEIUTDH ABAa OCHOB-
HBIX TUIIAa MOH-IUIIOJbHBIX B3aUMOIEHCTBUIA:

1. OpueHTallMOHHOE B3aMMOJEHCTBIE (MOH — TTOCTOSTHHBIN
nunofb). TloTeHMan MOH-AUMNOJAbHOTrO B3aumoneictBus (U)
AHU3OTPOIICH, T. €. 3aBUCUT OT OPUEHTAIIUM ITOCTOSTHHOTO V-
ToJisI, HO IJIS JIF000 (DUKCUPOBAHHOW OPWEHTALIUUA 00pAmHO
MIPOITOPLIMOHAJICH KBaIpaTy PACCTOSTHUS (7) U NpsIMO NPONOPUUO-
HaneH 3aps0y UOHA U OUNONLHOMY MOMEHMY MOAeKYAbl (WL):

ug
v-Y
r2

IIpn KBa3UCBOOOMHOM BpaIlleHWW JUIIONS, HaIlpuMep,
B KUIKOCTSIX (TIpY 9HEPTUM TETUIOBOTO BpalleHUs, CYIIECTBEH-
HO TIPEBOCXOIISAIIIEH 3JIEKTPOCTATUUECKYIO) OH OKa3bIBaeTCsl 00-
PaTHO MPONOPUUOHALEH Uemeepmoll CIeNneHy pacCmosHus U mem-
nepamype (T) u npsamo nponopuuorasen Keadpamam 3apsoa u ou-
NOABLHO2O MOMEHMA:

UL
Tr*

2. HayKUIMOHHOE B3aMMONEHCTBUE (MOH — HaBEIEHHBIN
nunoib). HaBeneHHbIN (MHIYKUMOHHBINM) AUIOJbHBI MOMEHT,
BO3HUKAIOIIMI BCIAEACTBUE MOJSIPU3ALUU MOJIEKYJIbl BHEITHUM
IoJieM, B JAaHHOM cJy4yae — ITOJIeM MOHA, MMEET IOCTOSTHHYIO
OpPHEHTAIMIO OTHOCUTEILHO MOoHA. OH MPOIOPIMOHAJIEH 3apsi-
Iy OHA U TIOJISIPU3YeMOCTH MOJIEKYJIBI 1 0OpaTHO TTPOITOPIIAO-
HaJIeH KBaJpaTy pacCTOSTHUS, YTO TIPU KBa3MCBOOOIHOM Bpallie-
HUM AUIIOJISI IPUBOIUT K NOMEHUUANY 83AUMO0IICIBUS, 00PAMHO
NPONOPYUOHANbHOMY, KaK U B ClTydae MOCTOSIHHOTO TUIOJIbHOTO
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MOMEHTA, Yemeepmoil CMeneHu PACCMOoAHUS U NPSIMO NPONOPULO-
HAAbHOMY K6adpamy 3apsaoa u noAsipusyemocmu MOACKY bl

Kak m B ciaygae mpyrux MeXMOJIEKYJISIPHBIX B3aMMOIEi-
CTBUIi, BO3MOXHO B3aMMOJEIICTBHE 3apsiia MOHA C BHICITUMU
MYJIbTUITOBHBIMU MOMEHTAaMM, OTHAKO OHO, KaK MpaBWJIo, Clla-
Oce M OOpaTHO MPOMOPLUOHAIBHO 00Jiee BHICOKMM CTEIEHSIM
paccTosiHuS, T. €. Topa3no 0oJjiee OIM3KOAEeHCTBYIONIEE.

Iloxanyii, caMblii SIpKMA TIpUMEP UOH-IUIIOJILHOTO B3aUMO-
IEUCTBUSI — IIPOLIECCHI, TIPOMCXOASIINE TIPU PACTBOPEHUU CO-
Jeil B Boge. JIMITOJBHBIN MOMEHT MOJIEKYJIBI BOIBI COCTABIISIET
1,85 JI. BzanmopeiicTBre KaTUOHOB U aHUOHOB C MOJIEKYJaMu
BOIbI (TUApaTalvs) MPUBOAUT K Pa3pylIEHUIO KpUCTaIMye-
CKOI1 pelIeTK! U DJIEKTPOJUTHYECKOM nuccoumranuu (puc. 5.1).

P @ T

Puc. 5.1. B3auMozeiicTBe KaTUOHOB M aHMOHOB C MOJIEKYJIaMU BOJIBI TIPU pac-
TBOPEHUU COJIM TIPUBOJUT K Pa3pyLIEHUIO KPUCTAJUIMYECKOM PELIETKI
M 3JIEKTPOJUTUYECKOM AMCCOLMALIMT



5.2. Kyaonoeéckoe, uon-dunonsroe,
O0unob-0unoavbHoe u OUcnepcUoHHoe g3aumooeiicmeus 2

CN F NH,
Na* Na* Na* Na*

15,7 22,0 22,0 31,8
AKIETITOPHBIIT 3aMECTUTEIb JIOHOPHBII 3aMECTUTEITb
Puc. 5.2. DHepruu B3auMoIeliCTBYsI KaTUOHA HAaTpusl (KKasl/MoJib, ra3oBas (a-

3a) C 3aMEeLEHHBIMU OEH301aMU CUJIBHO MEHSIIOTCS B 3aBUCUMOCTH OT
3aMECTUTEIIA B AApe

st opraHMYecKoil XUMHUHM Y OMOXWUMUN 3HAYUTEIBHBINA MH-
Tepec MPeaCTaBIIsIeT B3aUMOACCTBYE KAaTMOH — apoMaThdecKast
crucTeMa. 3apsii KaTUOHAa HaBOIMT JWIIONE B JIETKO TIOJISIPU3Ye-
MOM T-3JIEKTPOHHOI CHUCTEME apOMaTUYECKOIO KOJIblla, B pe-
3yJbTaTe Yero obpasyeTcs KOMIIEKC, B KOTOPOM chepruiecKu
CUMMETPUYHbIN KAaTMOH OYIeT pacIojiaraThCsl Haj IIOCKOCTbIO
KOJIbIIA. DHEPTUHU CBI3bIBAHUS B TAKMX KOMITIIEKCaX BeChMa 3Ha-
YUTEJbHBI U CUJIBHO MEHSIIOTCS B 3aBUCMMOCTU OT TOTO, KaKue
3aMeCTUTEIM BBOISTCSI B apoMaTUUeCcKoe KOabLo (puc. 5.2).

M CKITI0YNTENIPHO BaXXKHBIM KATMOHHBIM HEHPOMEINaTOpOM
B LIEHTPaIbHOM 1 TTIeprhepUIeCKOl HEpBHOM CUCTEME SIBJISIETCS
auetwixoaua (MeC(O)OCH,CH,NMe?). Cpean HeCKOJIBbKUX
THUTIOB alIeTHJIXOJMHOBBIX MOHOTPOITHBIX PELETITOPOB OTHUM U3
caMbIX 3(DEKTUBHBIX SIBJSIETCSI HUKOMUHOBbLI AUEMUNXOAUHO-
suil peyenmop (nAChR). B ero caiite CBSI3bIBAaHHS IIPUCYTCTBYIOT
apoOMaTUYECKUE aMUHOKHUCIOTHI TUPO3UH U TpunTodaH. Ycra-
HOBJICHO, YTO CBSI3BIBAHME OCYILIECTBIISICTCS ITO THITY B3aMO-
JIeICTBUSI MOH — MHAYLMPOBAHHBIN TUITONbL (puC. 5.3).

ALIETUIIXOTUH S\
+

(0] N—
LT =
© 4 \
ﬁ Tpunrodan

Puc. 5.3. CBsa3biBaHKME alETUIXOJIMHA HUKOTMHOBBIM ALETHJIXOJIMHOBBIM pe-
LENTOPOM
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BHumaHue, Kypunbw,uKu! 3T0T peLenTtop ABMAETCA OTBETCTBEHHbIM 3a Bally
nary6Hyto npuebluky. OH crnocobeH Takke cBA3biBaTh HUKOTUH (1) B ero mpoTtoHupo-
BaHHOW opMe. ArOHMCTOM HUKOTUHA, OB/EryaloLLMM MyKU KypUsbLLvKa NpK ero no-
MbITKE OTKa3aTbCA OT KyPeHWs, ABNAETCA ero usoMep aHabasuH (2).

H
X N = N
| H
= NN
N N
Q)] 2

JUI0JIb-AUIT0NbHOE B3aUMOIEUCTBUE MEXIY IOJISIPHBIMU
MOJIEKYJIaMH, 00JIaTafoIIMK MOCTOSTHHBIMU JTUITOJIbHBIMU MO-
MEHTaMU, IIPUBOIUT K MX B3aMMHOI opueHTauuu. [loTeHIman
B3aumoneicTBus (U) KeCTKO OpUeHTUPOBAHHBIX IUIIOJIE aHU-
30TPOIIEH, T. €. 3aBUCUT OT OPMEHTALIMU ITOCTOSTHHOTO JTUITOJIS.
IIpu OBICTPOIT B3aMMHOI TIEPEOPUEHTAIIUM MOJIEKYJ OH IPO-
TMOPIMOHAJIEH KBaJpaTaM JUTIOJIbHBIX MOMEHTOB (W, U U,), 00-
paTHO MporoplLuoHaieH Temneparype (7) W 11ecToil CTerneHu
PACCTOSTHUSI MEXIY IIEHTPAMU TUTIONEH (7):

y o
Tr®

ITprMepoM AUITONb-AMIIOJBHOIO B3aUMOACUCTBUSI MEXIY
OPraHMYeCKMMHU MOJIEKYJIAMU MOXET CJIY>KUThb B3aMMHAasl OpU-
eHTalus MoJieKysl xjaopodopma U MeTaHoJa (puc. 5.4). Baus-
HHUE ITUIOJbHOIO MOMEHTA Ha TeMIIepaTyphl KUIICHUSI Mbl yXKe
pPaccMOTpENU B IPEbIIYIIEH JTEKINH.

METHUJIOBBII CITUPT xj0podopm
CH;0OH CHCl;

Puc. 5.4. Iunonb-aunonbHOe B3aMMOAEHCTBIE MOJIEKYN xiopodopMa U MeTa-
HOJIa NIPUBOAMT K MX B3aMMHON OPUEHTALIMM, KOTOpas Mpeodianaer
B pacTBope
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[MoTteHLMan MHOIYKUIMOHHOIO B3aMMOICHCTBUS (IIOCTOSIH-
HbII JUITOJIb — HABEAEHHBIA IUIIOJIb) MEXIY MOJISIPHOM U He-
TIOJIIPHOM MOJIEKYJIaMU, TIPU KOTOPOM ITOCTOSTHHBIM TUTIONb-
HBIIT MOMEHT TIepBOI (1) B3aUMOICHCTBYET C MOMEHTOM, MHITY-
OUPOBAaHHBEIM €ro IIojJeM BO BTopoil (puc. 5.5), obpaTHO
TIPOTIOPIIMOHAJICH IIIECTOM CTETICHM PACCTOSTHUSI, TIPSIMO TIPO-
MOPIUOHAJIEH TOJISIPU3YEeMOCTU HETIOISIPHON MOJIEKYJb (@)
¥ KBaIpaTy MOCTOSTHHOTO TUITOJIBHOTO MOMEHTA.

aleToH JII0001 YTIeBOAOPOLT
CH;COCH; CgHyg

Puc. 5.5. BzaumoneiicTBue Aumnosib — UHAYLIMPOBAHHbIN TUTOb

JucnepcoHHOe B3auMoaeicTBue (puc. 5.6) BO3HMKAET
MEXJIy IBYMs JTIOOBIMM MOJIEKYJIaMU HE3aBUCHMO OT HaJM4Hsl
y HUX COOCTBEHHOTO TUTTOJILHOIO MOMEHTa O1aromapst (hiyKrya-
LIUSIM pacIipelie/IeHUsT 2JIeKTPOHHOM IIOTHOCTU, TPUBOISIIINM
K BO3HUKHOBEHMIO NTaXKe Yy HEIOJIIPHBIX MOJEKYJ HEHYJEBbIX
MTHOBEHHBIX JTUMOJbHBIX (M MYJIbTUIIOJbHBIX) MOMEHTOB, KO-
TOPbIE TOTOJHUTEIbHO MOJISIPU3YIOT PACIIPeeIeHUS JICKTPOH-
HOM IUIOTHOCTM COCEOIHMX MOJIEKYJ. BenumuumHa B3aumomeii-
CTBUSI MEXKIy MOJIEKYJIAMU ONPEACIIIeTCs UX MOJISIPU3YEeMOCThIO.
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OKTaH TeKCaH
CgHyg CeHig

Puc. 5.6. [lucriepcioHHOE B3aMMOJECTBUE BOZHUKAECT MEXIY IBYMS JIIOOBIMU
MOJIEKYJTaMU He3aBUCUMO OT HAJTMUUST Y HUX COOCTBEHHOTO JAUTTOIBHO-
rO MOMEHTa

TepMUH <«IMCIIEPCHOHHOE B3aMMOICHCTBUE» ITOKa3bIBaCT,
YTO MEXaHW3M M TIOOXONBI K OMMCAHUIO ITOJISIPU3AIUN 3JICK-
TPOHHBIX 000JI0YEK CXOAHBI CO CIIyJaeM MOJISIpU3alliM JIEKTPO-
MarHUTHBIM MOJIEM. 3aBUCUMOCTD ITOTEHIIMAJIa JUCTIEPCUOHHO-
TO B3aUMOIEUCTBHUS OT PACCTOSHUS MOXET OBITH IIPEACTAaBICHA
B BUIE psda IO CTENEHSIM OOpaTHOIO PacCTOSIHUS, MpUYeM
OTIpeIeIISIIONINIA BKJIaI OOYCIOBJIEH MJIAMIIei, IIeCTOM, cTere-
HBI0. TaknmM 00pa3oM, OUCIIEPCUOHHBIC CYUIBI 3aBUCSIT OT pac-
CTOSTHUSI TaK e, KaK JUTIOIb-IUMOJbHbIC U OIS PU3aLIMOHHbIE,
HO SIBJISTIOTCSI TOpa3no 0oJjiee OJIM3KONEHCTBYIOIIMMU B CpaBHE-
HUHU ¢ KYJIOHOBCKAM B3aMMOJICICTBAEM 3aPSIIOB.

Tpu muna mexncmoaexyiapuolx e3aumodeiicmeuti (ounoavb-ou-
noavHoe, UHOYKUUOHHOE U OUCHEPCUOHHOE) HaAcCmo 006edunsaom
COUHBIM MEPMUHOM «6AH-0eP-6ad1bCo80 s3aumodeiicmaues.

Ha Gonpmmx paccTOSTHUSX BaH-ACpP-BaalbCOBO B3aMMOJIECii-
CTBME MMEET XapaKTep MPUTSKEHUST Y BO3HUKACT MEXIY JIIOObI-
MM MOJIEKYJIaMU, KaK TIOJIIPHBIMU, TaK W HEIMOJISIpHBIMU. Ha
MaJIBIX PACCTOSTHUSIX OHO KOMIIEHCHUPYETCS OTTaJKWBaHHEM
3JIEKTPOHHBIX 00010ueK. HecMoTps Ha c1ab0CTh 3TOro B3auMo-
JNEUCTBUSI, OHO OOECTIeUMBAET YCTOMYMBOCTH MOJEKYJSIPHBIX
KPHUCTAJLIOB, KJIATPAaTOB M MHOTHMX CYIIPAaMOJIEKYISIPHBIX KOM-
TUIEKCOB, a TaKXke afcopOIIMIo MOJIEKYJ Ha ITOBEPXHOCTSIX.

Xopollnit XUMHUK JOJIKEH ITOMHUTD, CKOJIBKO ITPUMEPHO MO-
JKET «CTOUTH 10 SHEPTUM» TOT WJIM MHOM BUI MEXKMOJICKYJISIPHO-
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ro B3auMoneicTBusl. [loaToMy cyMMUpyeM Bce JaHHBbIE 00 3THX
SHEPTUSX B BUJIE TaOJIUIbI, KOTOPYIO BCEra IMOJIE3HO AEPXKaTh
B mamATH (Tad’. 5.1).

Ta6muma 5.1. DHepruM pa3TUIHBIX TUTIOB B3aWMOAEWCTBUIL XUMUIE-

CKHMX YaCTULL
Tun B3aumoaeiicTBus Oueprus (k/1k/mMoub)
WonHas cBs3b 400—800
KoBajieHTHBIE CBS3U
ofvHapHas 100—400
IBOMHAs 400—700
TpoOitHas 800—1100
BonoponHbie cBsizu 10—160
WoH-aumnonbHOe B3aUMOIEHCTBIE 50—200
JMII0JIb-AUTIOJBHOE B3aMMO/IEICTBIE 10—30
JlucriepcuoHHOE B3aUMOJIEHCTBIE 1-5

5.3. MonekynapHbIi1 aneKTpocTaTUHECKUin
noteHuynan (M3M1)

MopesbHble NpeAcTaBlieHUs 00 OCHOBHBIX TUIIAX MEXMOJIEKY-
JISPHBIX B3aMOICHCTBUIA, KOTOPBIE MBI TOJIBKO YTO PACCMOTpE-
JIA, KaXXyTCS BIOJHE SICHBIMU U CO3[AIOT, KA3aJ0Ch Obl, HaleX-
HYIO OCHOBY [IIJISI pellleHUsI KOHKPETHBIX XMMUYecKux 3anad. Ho
Ha MpakTUKe MOHUMAaHMS TOJBKO (DM3MYECKOM MPUPOILI B3aK-
MOJEICTBUIA Ha Ka4eCTBEHHOM YpOBHE HeaocTaTouHo. HeoGxo-
JIMMO HAyYMUThCsl TIPOU3BOAUTH KOJMYECTBEHHYIO OLIEHKY BKJIa-
JIOB Pa3HBIX THITOB B3aMOJCHCTBUIA B CHCTEMAaX CJIOKHBIX MHO-
rOaTOMHBIX MOJIEKYJI. M, Kak MbI yKe 3HaeM, B IIEPBYIO OYEpeIb
HaM HEoOXOIMMO YYUTBIBATh MEXMOJICKY/ISIPHbIE B3auUMOJEH-
CTBHSI DJIEKTPOCTaTHYECKOUM mpuponbl. B pamkax metoma MO
JI00YI0 MOJIEKY/y MOXHO pacCMaTpuBaThb KaK COBOKYITHOCTD
sAep U 3JEKTPOHOB, pacIpeie/IeHHbIX B X 0000IIEHHOM I10JIe
B OrpaHUYEHHOM 00BEeMe, a B paMKax MOJIEIIN JIOKAJTN30BaHHBIX
CBsI3eii — KaK COBOKYITHOCTb IOJIOXUTEIbHBIX U OTPULIATEIb-
HBIX 3apsIIOB, COCPENOTOYCHHBIX Ha aToMmax. B mobom ciaydae
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TaKasl COBOKYITHOCTb CO3[aeT 3JICKTPOCTATHUECKOE TOJIe C T0-
TeHUuaaoM V(r) B KaKI0i TOUKE OKPYXKaIOIIEro MOJIEKYJTy Mpo-
CTpaHCTBa. BeIWUYMHY 3TOTO MoreKyaapHo20 IaeKmpocmamude-
ck020 nomenyuasa (M3III) MOXHO OXapaKTepU30BaTh MOTCHIIN-
aJlbHOM  BHEpPrueil  «MMpoOHOro» E€AMHUYHOTO TOUYEUHOTO
TIOJIOXKUTEILHOTO 3apsina ¢ (HarmpuMep, IIpOTOHA), IIOMEIeHHO-
o B 9TO BJIEKTPOCTATUYECKOE TOJIe B TOUKE C paJuyC-BEKTO-
poM r. MBOII yucieHHO paBeH padboTe, KOTOPYIO HAJ0 3aTPaTUTh
MPOTUB CUJI 3JIEKTPUUECKOTO TOJIsI TIPU MEPEHECEHUU eIUHNY-
HOTO TOJIOXUTEIBHOTO TOYEUHOTO 3apsiia M3 O0eCKOHEUHOCTH
B TaHHYIO TOYKY IT0JIsI. [103TOMY €ro MOXHO BBIpaXKaThb B 3JI€K-
TPOHBOJIbTaX, KKaJl/MOJIb WX JIIOOBIX APYTUX €IUHULIAX dHEP-
run. B Kaxkmoit Touke r IIpoCTpaHCTBa BHYTPH 1 BHE MOJICKYJIBI
V(r) umeet BUI;

V(r) = j| p(r) v, + 2| Zylel

rae p(r) — 2J1eKTpOHHAsI IUIOTHOCTD; Zy|e| u R, — 3apsio u panu-
yC-BEKTOp sijipa q.

MDOBIT umeeT sICHBII (PU3UUECKUI CMBICIT, U €0 OYEHb yI00-
HO WCIIOIb30BaTh MPU U3YYCHUU Ha KOJIMYECTBEHHOM YpPOBHE
crenruIecKoro MeXMOJEKYISIPHOTO B3aUMOICHCTBUS 2JIeK-
TpPOCTaTUYECKON TMpUponabl (0Opa3oBaHUE BOMOPOIHON CBSI3U
U JTOHOPHO-AaKIENTOPHBIX KOMILUIEKCOB, MOHHBIE U 3JIEKTPO-
(punbHBIEC peaKIMKU U T. 11.).

Pacnipenenenue 351eKTpOHHON MJIOTHOCTU P(T) pacCUUTHIBA-
€TCS C MOMOIIbI0 METOIOB KBaHTOBOI XxuMMU. Busyanuzamnuio
MOBII MOXXHO OCYIIIECTBUTh pa3HBIMH criocobamMu. OIMH U3 HUX
COCTOMT B IIOCTPOCHUN KOHTYPHBIX KapT M30ITOTEHIIMAIOB, CO3-
naBaeMbIX Mojiekynamu. Ha puc. 5.7 moka3zaHa Takasi KapTa JJist
Monekyisl opmamuna (HCONH,). OtpuliarenbHbie 3HaYSHUS
SHEPTUI COOTBETCTBYIOT MPUTSIKEHUIO TTOJIOXKUTEIBHOTO 3apsi-
na. I'mybokue Xopolo JIoOKaJM30BaHHbIE MOTeHIMATbHbIE MU-
HUMYMBI IOKa3bIBaIOT, UTO MOJIEKYJ1a (hopMaMuaa OyaeT MpoTo-
HUPOBATHCS TI0 HETONEJICHHBIM DJIEKTPOHHBIM IMapaM aroma
KHCIIopona.
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Puc. 5.7. KoHTypHasi kapTa U30MOTEHLIMAIOB JIIs MOJIEKYJIbl (hopMaMuaa. 3Ha-
YEHMS HEPrUil MpecTaBIeHbl B KKaJl/MOJIb

E1re 6osiee HarsameH crioco6 BU3yaau3aluy (OH ceifuac uc-
MoJIb3yeTcsl HauboJjiee IUPOKO) € MOMOIIBIO OOBEMHBIX LIBET-
HbIX KapT. HeBo3MOXHO OZHOBpPEMEHHO OTOOpPa3UTh Ha TUIO-
ckoctu 3HaueHus1 MBI B mo00it Touke rpoctpaHcTBa. s xu-
MMYECKUX TMPUIOKEHUI Hanbosiee MHGMOOPMATUBHBI 3HAUYCHUS
MOII Ha noBepXxHOCTU MOJIEKYIbl. OHAa U BBIOMpaAETCs IS BU-
syanusaunu. [ToBepxHoctu uzonoreHumnaaoB MOI1 Ha Heit pac-
cunrbiBatorest ¢ marom 0,02 wm 0,05A u BU3YaJIU3UPYIOTCS
¢ TTIOMOLIbIO 1IBETOBOTO Koaa. Hanpumep, Ha puc. 5.8 nmokazaHo,

pacuer
MBIl

OKpacCkKa

Puc. 5.8. IToctpoeHue 06beMHOI1 LIBeTHOM KapThl MOIT MoJIeKyJIbl BOIbI
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KaK 3TO JAeiaeTcs IS MOJIEKYJIbl BOIBI TpHU pacdeTax MOII
¢ nomouibio maketa MOLDEN.

Kaxnomy 3nHauenuio MBII coorBeTcTBYeT cBOit 1IBeT. O6-
LLIETIPUHSITBIM CETOHSI SIBISIETCS CASAYIONINIA LIBETOBOI KO/

KPACHBI 3eJIeHbI roJiyooi CHHUI
L | | | |
I I I I 1
Ilpenenbno Ilpenenbno
PeA i} 25% 50% 75% hil .
OTpHUIIATE/IbHBIA MOJIOZKHUTEJTbHbIN

KpacHslid (camoiii ompuyamenvhoiir) < xearblit < 3ejieHbli <
< roy6oii < CHHHIA (camblil N0A0NCUMENbHYLIL)

st moniekynbl Boabl 3HaueHne MOII n3meHsiercst B nuara-
30He oT —46 mo +48 kkajn/monb. KpacHas oGiacTb Ha atome
KHUCI0poIa — 00J1acTh HanboJiee CUIILHOTO TIPUTSIKEHUST TTPO0-
HOTO MOJIOXUTEIBLHOIO 3apsiga (—46 KKaja/MoJjb), a B 00J1acTi
OKOJIO TIPOTOHOB TPOOHBII MOJOXUTEIBHBIN 3apsI OyaeT CUTb-
HO OTTajmKuBaThcsl (+48 KKan/Mob). 2KenThlil 1IIBET COOTBET-
CTBYET 00JIACTU TIPUTSKEHUS ¢ DHEPTUeilt —22 KKaj/MoJb, a To-
JTy00it — 00J1aCTU OTTAIKMBAHUSI C 9HEprueil +24 KKaji/MOJb.

Ha puc. 5.9 u 5.10 mokaszansl Kaptel MBI Mosiekyn rpornaHa
U TpoTaHojia-1 COOTBETCTBEHHO, MOCTPOEHHBIE TOUHO TaK XKe,
Kak 1 kapta MOII Boasl Ha puc. 5.8.

JIist TIporaHa OTYETJIMBO TIPOSIBIISTIOTCS] CUHUE 00JIacTH TI0-
JIOXKUTEJIbHOTO TIOTeHIIMAJIa OKOJIO aTOMOB BOIOPOIa U OpaHXKe-
BO-XEJIThIe 00JIaCTH OTPUIIATETLHOTO MOTeHIIMAA B JIOKOMHKaX
Ha aToMax yrjepoia, YTO BIIOJIHE COOTBETCTBYET HAIIUM IIpemd-
CTaBJIEHUSIM O PACIpPENCICHUN 3apsa0BOM TUIOTHOCTU B 3TOU
moJiekyne. s mpomaHona-1 o6macTu MpeneabHbIX 3HAYSHUI
noTeHlMana jJokaiuzoBanbl Ha OH-rpynme. KpacHast ob6yiactb
OTpUIIATEIbHBIX 3HAYEHUI — Ha aTOMe KHUCJIOponaa, CUHSS 00-
JIaCTh TTOJIOXKUTEbHBIX 3HAYeHUI — Ha aToMe Bomopona. Bes
OCTaJIbHAsI YacTb MOJICKYJIbI (MPOMUIbHAS TPYIlNa) OKpalleHa
B IMOYTH PAaBHOMEPHO 3€JICHBII 1IBET, YTO HE COOTBETCTBYET JPY-
TUM JaHHBIM, YKa3bIBAIOIIMM Ha TO, YTO JEKTPOHHBIE TIJIOTHO-
CTHM Ha aTOMax yIjepoia U BOJIOPOa B 3TOM IPYIIIE pa3indaoT-
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Puc. 5.9. Kapra MOII npornana

Puc. 5.10. Kapra MBII nponaHoa-1

cs. IlprunHa B TOM, 4TO, KaK MOKa3bIBAIOT pacyeThbl, 3HAUCHUSI
MOTEHLIMAJIOB U1l MOJIEKYJIbl MpoMaHa JiexaT B Juana3oHe OT
—22 o +4 KKaja/MoJjib, B TO BpeMs KaK IIJIsT TIporaHoja 00J1acTh
VX U3MEHEHUI1 MHOTO OoJbllle — oT —48 1o +44 kxan/mMob. [To-
CKOJIbKY 00€ KapTbl TOCTPOEHBbI C OAHUM U TEM XK€ «LIBETOBbIM
paspeuieHueM», paziaunuus st MOIT B obaacTv MpoOnuIbHOK
TPYIINBI B IPOMNAHOJIE TIPOCTO «HE pa3pellaioTcs», HUBEIUPYIOT-
cs. B cBs13u ¢ atuM npu cpaBHeHMU KapT MBI pa3HbIX MOJIEKYT
HYXXHO TIpeX/e BCero yoeauThbcsl B TOM, UTO OHU TOCTPOEHbI
B OJHOM «IIBETOBOM MaciuTtabe». Hampumep, npu mocrpoeHuu
MBII HelTpalbHBIX MOJIEKYJ 9aCTO IIPUHUMAIOT, YTO KPACHBIM
LIBET COOTBEeTCTBYeT 3HaueHutio MOIl —40 kkan/moib, a cu-
HUIi — 3HayeHuto +40 kkana/mMomab. Torga HyJleBOMYy 3HAUCHUIO
COOTBETCTBYET 3€JICHBII IIBET, JKENITHII IIBET COOTBETCTBYET 3HA-



Puc. 5.11. Kaptelt MBII nponaHa (cieBa) u rpornaHoa-1 (cripasa), MocTpoeH-
HBIE C UCITOJIb30BAHUEM «CTAHIAPTHOM IIBETOBOM IIKAJIBI»

yeHmnio —20 KKaJI/MOJIb, a ToIy0oil — 3HaueHUIo +20 KKaj/MOJTb.
K takoit «cTaHmapTHOM LIBETOBOM 11Kayie» KapTel MOIT mponaHa
¥ IpoIiaHoJia OyayT BHIMISIAETh TaK, KaK MokKa3aHo Ha puc. 5.11.
Ho Ha mpakTuke BcTpevaroTcs ciydau, KOTaa peajbHble 3Haue-
Husg MBIT mpeBocXoasT 3TH BRIOpaHHBIC B «CTAHIAPTHOI IIBETO-
BOI IuKaje» mpeneibHble 3HaueHus. Hampumep, 31O Bcerma
MMEET MECTO IIpH nocTpoeHnH KapT MBI 3apsokKeHHBIX YaCTHII.
Ha a10 Hy>*HO 00palliaTh BHUMaHUE.

Ha pwuc. 5.12 moka3zansl kapTel MBII Mmonekyn LiH, BHj;,
CH,, NH; u HF c ucrnons3oBaHreM «CTaHAAPTHOW 1LIBETOBO
IIIKAJTbI».

Jlerko BUAETH, YTO MOTEHUMAIBI OKOJO aTOMOB BOIOPOJIA
B 9THUX IIPOCTBIX MOJIEKYJIaX 3aKOHOMEPHO MEHSIIOTCSI B COOTBET-
CTBUM C DJIEKTPOOTPULATEIBHOCTHIO aTOMa, C KOTOPbIMU OHU
CBSI3aHbl, OT TPEAEIbHO OTpulaTeabHOro B mosekyne LiH mo
npeneabHo nojoxureasHoro B HF. OgHako otMeTuMm, 4To Hau-
OoJIbllIee OTPHUIIATEILHOE €T0 3HAYCHME B 3TOM PsiTy HaOII0maeT-
cs1 He Ha atoMe F B monekyne HF, kak MOXXHO ObLIO ObI OXKUIATh
B CBSI3U C TeM, YTO aToM F nmeeT HanOOoIbliyI0 3J1eKTpOOTpULIA-
TEJTbHOCTh, @ Ha aTOME a30Ta B MOJIEKYJle aMMUaKa U Ha aToMe
KHCI0poaa B MOJIeKyJie Bonbl, Kapta MBI KoTtopoii moka3aHa Ha
puc. 5.8. B cBs3u ¢ 3TuM, ucnosb3ys kaptsl MOII npu perieHnun
XUMMUYECKHUX 3a[1a4, BCETAa HY>KHO UMETh B BUIY CJIeAyIOIIIee.

1. MODII aBasieTcst moaekyaapubim CBOWCTBOM. B Kaxmoii

TOYKE OH OMNPEIENSAeTCs 3apsaaMU BCeX SIep U MOJTHBIM
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NH HF

Puc. 5.12. Kapter MOIT LiH, BH3, CHy, NH; 1 HF ¢ ucnonb3oBaHueM «cTaH-
JNapTHOW LIBETOBOM 1IKAJIbD»

pacnpeneieHueM dJeKTPOHHOU TMJIOTHOCTU B MOJIEKYJIe.
Hanexo He Bcerma BeauunHa MOBII onpenensiercs 3apsi-
JIOM OJIVKAMIIETo sSapa.

2. Ecnm Onuxaiilee K TOUKe SIAPO JaeT MaKCUMAaJlbHBIMA
BKian B MOII, To 3Hauenne MBOII KoppeaupyeT ¢ Benu-
YUHOK M 3HAKOM 3apsiaa Ha 3TOM SIpe.

3. Kapter MBI pa3HbIX MOJEKYJa MOXHO CpaBHMUBATb Ha
KOJIMIECTBEHHOM YPOBHE TOTa, KOTJa JOCTYIIHA KoauYe-
cmeenHas WHGOpPMAIIKS 0 3HaUCHUSX IToTeHIIManoB. OHa
MOXET OBITh Mpe/icTaBiIeHa IByMsI criocobamu: 1) Kak au-
arla30H M3MEHEHUM ITOTEHLMAJIOB Ha KaXXIOW W3 KaprT;
2) IyTeM UCIIOJIb30BaHMSI OMHOTO M TOTO Xe «IIBETOBOTO
Macitaba» 151 o0eux cpaBHUBaeMbIX KapT. Hampumep,
npu noctpoeHun Kapt MOII HeWTpallbHBIX MOJEKYJ
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YIOOHO MCIIOJIB30BaTh OMMICAHHYIO BBIIIE «CTaHIAPTHYIO
IIBETOBYIO IITKAITY».

4. Tlockonbky MOII paccunTbiBaeTcst 1151 CBOOOAHBIX MO-
JIEKYJI B YCJIOBUSIX Ta30BOI ha3bl, ClieayeT MOMHUTh, YTO
3 HEKTHI Cpelibl MOTYT CYIIECTBEHHO U3MEHUTD €T0 BUI.

B kauecTBe ele AByX MpPUMEpPOB paccMOTPUM KapThl MOII
MoJieKya 6eHsosia u iupposia (puc. 5.13). Cpaszy oTMETHUM, 4TO
3TU KapThl OTIMYHO BOCIIPOU3BOIAT XapakTep NeJOKaTU30BaH-
HBIX CBsI3ell B obeux Mojekyiax. Ha xapre mist 6eH3071a SICHO
BUIHA 00JIACTb OTPULIATENLHBIX 3HAaYeHUT MOII Hag aToMamMu
yraepona mukia. MMeHHO oHa OyIoeT HMEHTPOM aTaKW 3JIEKTPO-
(pUITOB U MOJIOKUTEITBHO 3apsKEHHBIX MOHOB. VI MBI IIEeiiCTBU-
TeJIbHO yOeAUIUCh B 9TOM, pacCMaTprBasi, Kak OCYyIIEeCTBIISIETCS
B3aumojeiictBue KatnoHHoit rpynmnbel N(CH;)i amernnxonuHa
C MHIYIMPOBAHHBIM IUITOJIEM O€H30IbHOTO IINKJIA B TpUNTO(ha-
He. Ha xaprte mupposia HauOOJbIINI TTOJIOXUTEIbHBINA MOTEH-
1IMaj HAaXOAMTCS Ha BOJIOPOIHOM aTOMeE MPU a30Te, YTO BbISIBIISI-
©T KMCJIOTHBIE CBOMCTBA ITUppOJIA.

Ha pwuc. 5.14 mokazana kapra MBIl metwimpornuoHarta
CH;CH,COOCH;. KapOoHuIbHBII yraepon B 3TOil MoJieKyJe
o0pa3zyeT ABe CUJIBHO MOJIIpHbIE CBS3U: NBoiHYI0 C=O0 u oau-
HapHyto C— O, a To3TOMY MOXHO ObIJIO Obl OXKUIATh MOSIBJIE-
HUSI B pailoHE 3TOro aToMa OTPULATEIbHOU «CUHE 00JacTu»
MDOII, gyero MbI Ha KapTe HE BUAUM. DTOT aTOM «CIPSITaH» BHY-

Puc. 5.13. Kaptelt MOI1 6eH3011a (cieBa) v nupposia (crpasa)
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Puc. 5.14. Kapra MBI metmnnponuonara CH3CH,COOCHj3 ¢ ucnonbs3oba-
HUEM «CTaHIAPTHOW LIBETOBOM LIKAJIbI»

TPY MOJIEKYJIBI, 1 IBa OJIM3KO PACITOJIOXEHHBIX KUCIOPOIa KOM-
MEHCUPYIOT 3TOT (P PEKT.

Pasmep aTomMa oKa3bIBaeT OYeHB OOJIBIIOE BIUSTHIE Ha BEJIM-
yuHy MOI1. 910 0TUEeTIMBO BUAHO HA MpuMepe 3HayeHuit MOIT
TaJIOTEHUII-aHUOHOB, KOTOpbIE JieXaT B JAWana3oHe OT
—204 xxkan/monb misg F~ mo —120 kxkan/monb misg I-. Kapter
MOII aTHX aHMOHOB TIpeaCcTaBIeHbI Ha puc. 5.15.

Ha ocHoBaHuu 3HaueHuit MOIT MOXHO cynuTh 00 UCTUH-
HOM pacIpee/IeHUH 3JeKTPOHHOI TUIOTHOCTHU B MOJMATOMHBIX
noHax. B kauecTBe mpumepoB Ha puc. 5.16 mokasaHbl KapThl
MOIT nByx anmonoB (CH3; u OH™) u nByx karuonoB (H;O7"
u NH}).

J11st 060MX aHMOHOB KJIaCCUUYECKUE CTPYKTYpPHI Iperoiara-
10T, YTO OTpMIATEJbHBIC 3apsiAbl JIOKAJM30BaHBI Ha aToMax
yriepoga u kuciopoja. Kapter MOII HaxomsiTcst B corjiacuu
C TAaKUM paclipefieJIEHUEM 3aps1ioBoii TutoTHOCTH. Ho st 060-
HUX KaTMOHOB, I/I€ MOJOXUTEIbHBIN 3apsii JOJKEH ObITh JIOKa-
JIN30BaH Ha aToMax a30Ta 1 Kuciaopona, MBII ykas3sIBaeT Ha TO,
YTO BECh TOJIOXKUTENIbHBINA 3aps HaXOAUTCH Ha aTOMax BOMO-
pora.

Hcnonb3oBanue kapt MBI 0ocobeHHO MOIe3HO MPU U3yde-
HUU CJIOXHBIX CUCTEM C MEXMOJIEKYISIPHBIMA BOIOPOIHBIMU
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F- Cl-

—204 kkan/MoJb —163 kkan/Moib

Br- I-

—152 xkain/moinb —139 kkan/moinb

Puc. 5.15. Kaptel MOII ranorenun-aHnoHoB. LIBeToBas 1iKaga u3MeHeHa:
KpacHbIii — —200 KKain/MoJb, cuHmif — — 120 KKaj1/Mob

cBs3aMu. K yuciy Hanbosiee BaXXHBIX CUCTEM 3TOrO TUIIA OT-
Hocatcs JJHK, Bbicokas TepMoamHamMuyecKass YCTOMUYMBOCTD
JBOWHBIX CMIMpajieil KOTOPbIX OOYCIOBIEHA, KaK MBI YX€ 3Ha-
eM, 00pa3oBaHMEM IPOYHBIX BOAOPOIHBIX cBsizeit N—H:---X
MEXIYy KOMIUJIEMEHTapHBIMU IapaMu HYKJIEOTUIOB aJeHUH
(A) — TumuH (T) u ryanuH (I') — uurto3uH (LL). B mape I' — L
OTHOBPEMEHHO 00pa3yeTcsl TP BOMOPOIHBIC CBSI3M, a B Mape
A — T — nBe. Kapra MOII napst I' — LI nokazana Ha puc. 5.17.
JJ1st TOTO 4TOOBI MOXKHO OBLIO JAETaJbHO PACCMOTPETh U Mpoa-
Haym3upoBaTh MBI Kaxmoit MOJIEKYJIbl B 3TOM Tape, uX Mpu-
LIJIOCh HEMHOTO pa3iBUHYTb. MOXHO BUAEThb, YTO BCE TPU
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CH; HO-
NH; H,0"

Puc. 5.16. Kaptei MOI1 MeTMJIBHOIO aHMOHA, TMAPOKCHI-aHUMOHA, KAaTHMOHOB
aMMOHMSI ¥ TUIPOKCOHUS. 1IBeToBas IIKaia M3MeHeHa:
KpacHblit — —200 KKai/Monb, cuHMit — —120 KKaja/Mosb

rpynnbsl N—H, yuyacTtByomue B 00pa30BaHUU BOIOPOMIHBIX
CBsI3eli, HaXoOmsTCSI B 00JACTSIX BBICOKOTO IMOJIOXUTEIbHOTO
IMOTEHIIMAJIA, a aTOMBI KHCJIOPOIa M a30Ta, KOTOPBIE BBICTYIIA-
10T B KQUeCTBE JOHOPOB HETOJAe€HHBIX DJIEKTPOHHbIX Map, Ha-
TIPOTHUB, HAXOIATCS B 00JACTSX OTPHUIIATEIPHOIO ITOTCHIINATIA.
OTur 006J1aCTU B Tape MOJIEKYJ KOMILJIEMEHTapHBbI, 4YTO U MPUBO-
INAT K COMMKEHWIO STUX YYACTKOB MOJIEKYJI U IIPOYHOMY CBSI-
3bIBAHUIO.

Kapter MBI 111 MHOTOAaTOMHBIX MOJIEKYJT MOTYT WMETh
o4eHb coxkHbIN Bua. [TocTpoeHue Takux KapT 3(HhHeKTUBHO UC-
MOJIb3YETCS TIPU CO3IaHUU HOBBIX JIEKAPCTBEHHBIX MpernapaToB.
PaGoTel B 3TOM BaxkHOM HampaBJIEHUU OBICTPO Pa3BUBAIOTCS
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Puc. 5.17. Kaptelt MOIT 1iuto3uHa (cieBa) ¥ ryaHuHa (cripaBa) B CTaHIapTHOM
LIBeTOBOI 1iKaJjie. [Tapbl aTOMOB, YUaCTBYIOLIMX B 00pa30BaHUU BOIO-
POIHBIX CBSI3€ii, COeMMHEHBI TYHKTUPOM

B TIocieTHUE nBa AecsTmieTusl. CTPYKTYpPHl aKTUBHBIX IICHTPOB
0eJIKOB, KOTOpbIe OTBETCTBEHHBI 32 OOJIBILIMHCTBO IMAaTOJOTHUIA,
ceityac yxe u3BectHbl. [Toctpous kapty MOII akTUBHOTO 1IeH-
Tpa U OJMKAWIIEero ero OKpyKeHHusl, MOXHO TOA0MUpaTh KOM-
IUIEMEHTAapHBIE K HEMY MOJICKYJbl M OLICHWBATh MX SHEPIUHU
CBSI3bIBaHUS B LieHTpe. B mocienymolmnx pasfaenax Kypca Mbl
nHoraa OymeM MCIoIb3oBaTh KapTel MBI mpu aHaiuse cTpoe-
HUS U PEAaKIIMOHHOUN CIOCOOHOCTU OPraHUYECKUX MOJIEKYJT pa3-
HBIX KJIACCOB.

5.4. XvMua pbixsibIX NbOMCOBBLIX Nap
(«Frustrated Lewis Pair Chemistry»)
BzaumoperictBue kuciaor Jlbionca ¢ ocHoBaHusiMu Jlbtouca

OOBIYHO TIPUBOAUT K 00pa3OBaHUIO MPOYHOM KOOPIUHALIMOH-
HOW CB43U:

R}N + BX3 - R3N e BX3

IMTocmoTpum eiie pa3 Ha kapTel MOIT monexkynsl BH; (kuc-
nota Jlblouca) u ocHoBaHus Jlpouca — Mojekyasl NH;
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(«Frustrated Lewis Pair Chemistry»)

Puc. 5.18. Kaptet MOIT monekyn BH; u NH3

(puc. 5.18). CuHsisg 0071aCTh BBHICOKMX ITOJIOXHUTECIBHBIX 3HAUE-
HUIA Ha aTOMe 6opa, KpacHast 00J1aCTh BEICOKMX OTPHUIIATSITHHBIX
3HAYeHUII Ha aTOMe a30Ta U JIeTKoe 00pa3oBaHUe IMPOYHOM J10-
HOPHO-aKUENTOPHOMW CBSA3U TIPU UX B3aUMOIEUCTBUU HEU3-
OEXHBI.

TpexdTopuctsiit 6op BF; 06pa3yet npouHble alayKThI C TPU-
METUJIAMUHOM, MUPUIMHOM ¥ 2,6-IMMETWINUPUIAHOM
(2,6-nmyrununom). Ho, xak B 1942 r. moka3an HoGeneBckuii nay-
pear I'. BpayH, 6osee oobemMHas u 6osee ciiadbast Kuciora JIbion-
ca tpumeTmiioop B(CH;); oOpasyeT anmyKTbl TOJBKO C TpUMe-
TWJIAMUHOM WM NUPUOWHOM. [IBe METWIbHEIC TPYIIILI B 000OMX
Q-TIOJIOXKEHUSX 2,6-TyTUAMHA TPOCTPAHCTBEHHO OJIOKMPYIOT
aToM a3oTta, u anaykT ¢ B(CHj;); He oOpasyercs. Ho npu atom,
KOHEYHO, COXPAHSIETCS] MOIITHOE 3JICKTPOCTATUYECKOEe aTTpaK-
TUBHOE B3aMMOIEHCTBUE MEXIY ABYMS MOJeKyJIamMu. Bummmo,
OHO OYIEeT ynep>XKUBaTh JBE MOJIEKYJIbI B PacTBOPE APYT OKOJIO
Ipyra B omnpenejaeHHoi opueHTauuu. Kak Ha3BaTh Takoe obpa-
3oBanue? Ilpodeccop JI. CredeH, 0 KOTOpOM TIOMIET pedb
JIajblie, TIPeITOXKUI TepMUH «frustrated Lewis pair», KOTOPBIU
JIO CUX TIOp He MMEET MPUHSITOTO PYCCKOTO 9KBUBajieHTa. fl 1e-
DPEBOXY €ro KaK «pblXAds AbHUC08A Napa» TIO0 aHAJIOTUU C yXe
YCTOSIBILIMMCSI TEPMUHOM <«pbIXJIasi MOHHAs mapa» (Mbl C 3TUMU
mapaMy BCTPETUMCS, M3y4asl peakiiuyi HyKJIeo(UIbHOTO 3aMe-
IIEHUS TIPY HACBIIIEHHOM aToMme yriiepona). st HarsimHOCTH
Ha puc. 5.19 npencraBiaeHbl MoaeKyasipHble Moaean CTioapTa —
Bpurne6a njist 9TUX agIyKTOB.
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F F
R;P @ ©
(C¢Fs);B ——R,P BF(C4Fy),
F F
R=i-Pr,Cy
A3)

&%

CsH,N—BF;  CsH;Me,N— BF,

i@

Me;N—BMe;,  C;HN—BMe; CsH;Me,N — BMe;

Puc. 5.19. Monekynsipueie monenun Crioapra — bpurne6a nns anaykros BFj
n B(CH3)3 ¢ TpuMeTHIaMMHOM, TUPUIMHOM U 2,6-JTyTUIMHOM

~

-

B 2006 r. mpodeccop yHusepcureta TopoHTto Jyr CredeH,
uccaenysl B3aMMOJAENCTBUE OYeHb CUJIbHONM KHUCIOTHI JIblouca
tpuc(rienradpTopdenun)oopa B(C¢Fs); ¢ mpocTpaHCTBeHHO 3a-
TpyaHeHHbIMU TpeTUuHbIMU hochunamu P(i-C;H;); u P(CH )5,
OOHapyXWJI, 4YTO U B 3TOM cJiydae He ITPOUCXOIUT 00pa30BaHUsI
aIyKTa OXUIaeMOro CTpoeHUsl. BmecTto aToro mporekaer Hy-
Kki1eoduIbHOE 3aMelieHre atomMa (propa B #-TI0JIOXKEHUN OTHOTO
u3 beHunbHbIX saep B(C¢Fs); c oopa3zoBaHreM OUNONSIPHBIX CO-
eAHeHni1 — 6eTanHOB (3).
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(«Frustrated Lewis Pair Chemistry») 2@

Bropuunbie (ochuHBI ¢ IByMS IIPOCTPAHCTBEHHO OOBEM-
HBIMU TpyMIIaMH Y aToMa ocdopa TakKe pearnpoBajy 110 cXe-
Me HYKJIEO(DMIHLHOTO 3aMeIIeHUS:

F F
@ S]
(C4F3);B 21 R pp BF(C4F),
F F
R = ¢t-Bu, C¢H,Me;-2,4,6
4

Ecnu BbI moMHMTE, B Tabmmiie 4.3 Hallle BHUMaHKE ITPUBJICK-
JIa OYeHb BBICOKas Heprus cBs3m Si—F — 485 kIIX/Mob.
OtuM u Bocnosb3oBaicsa . Credpen. O obpadboran 6eTanH (4)
TUMETUIXJIOPCUIAHOM Y TaKUM 00pa3oM MpoBeN 3aMeHy (hTopa
Ha BOIOPOJ y aToMa bopa:

]
@ Me,SiHCI
(C6H2M93)2f|’ g(cer)z —
H
F F
)
H
® |
e (C6H2M63)2I|) g(C6F5)2
H
&)

Berann (5) — yauBuTeNbHOE coenuHEHME. B Hem y aToma
docdopa HaXOOUTCT aTOM BOOOPOHA, KOTOPBIN TOJIKEH JIETKO
OTLIETUISIThCSI B BUJIE TIPOTOHA, a y aToMa 00pa — «TUAPUIHBIN»
Bogopoa. [Toatomy Creden oxunman, uro 6erauH (5) OyneT ao-
CTaTOYHO JIETKO OTIIETIATh MOJEKYIIpHbI Bogopoa. Ho, k ero
VIMBJIEHUIO, COEIMHEHNE 0KAa3aJI0Ch OYeHb YCTOMUMBBIM, U MO-
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JIEKYJISIDHBII BOAOPOJ YAAJIOCh OTILENUTh TOJBKO IIPU €ro Ha-
rpeBaHuun g0 150 °C. I1pu a3ToM 00pa3oBajicsl OpaHKeBO-Kpac-
HbI pochuHobopaH (6), cTpoeHHE KOTOPOTO ObIJIO MOATBEPXK-
nedo metoxoMm PCA:

H m
(CcH,Me,),P ]|3(CF) 0
e ——
cHoMe; 2| olCelsh =
H 25°C
F F
5
F F
= (C¢H,Me;),P B(C¢Fs),
F F
(6)

Ho cambImM opasutenbHbBIM CBOICTBOM hochrHoOOpaHa (6)
oKazajlachb €ro CrHoCOOHOCTb MPU KOMHATHOM TemmepaType
U OOBIYHOM JaBJICHUU MPUCOEANHSTh MOJIEKYISIPHBIN BogOpOI!
PactBopwl GeranHa (5) u dochunobopana (6) moxkazaHbl Ha
puc. 5.20. BzaumornpeBpalleHus: 3TUX paCTBOPOB MOXKHO IMOBTO-

Puc. 5.20. KpacHsbrit dochuHoGOpaH (pacTBOp CrpaBa) CIOCOOEH MPUCOCTH-
HSTbh MOJIEKYJIIPHBII BOIOPO/ ¢ 00pa30BaHMEM OECLIBETHOTO OeTanHa
(pacTBOp ciieBa), KOTOPbIi oTIensieT Bogopo rpu 150 °C
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pSITb MHOTOKPATHO. 2mo nepebili nbumMep pacuiensieHus moseky-
napHo20 80dopoda 6e3 yuacmus amoma nepexo0HO20 Memasnd.

15t TOro 4TOOBI BBISICHUTD, KaK MPOTEKAET 3Ta YAMBUTEIb-
Hag peakuust, CtedeH M3y4Msl MOBeIeHME OMHAPHBIX CHCTEM,
collepKalluX MPOCTPAHCTBEHHO 3aTpyAHEHHbIe O0paHbl U (oc-
¢unbl. Oxkazanoch, uto B(C¢Fs5); He o0pasyer ammykToB
¢ P(mpem-C4Hy); m npyrumMu mpocTpaHCTBEHHO 3aTPYAHEHHbI-
MU pochuHaMU, HO B OMHAPHBIX CMECSIX C HUMM B pacTBOpax
JIEFKO IIPOUCXOAUT paclLIeIUIEHUE MOJIEKYISIPHOTO BOAOPOIA
¢ oOpa3oBaHUEM COJIeii, KOTOPbIE HE OTLIEILISIIOT BOIOPOJ JaXe
npu 150 °C:

o [RPHIHB(CF)]

R;P + B(C(F5)4
+ _
[R;PD][DB(CgFs)s]
a: R = C¢F,Me;
b: R =1Bu

H + —
fBusP + BPh; —2> [Bu,PH][HBPh;]

ITockonbky 2,6-1yTHanH, Kak 1okasai I'. bpayH, He maet az-
OYKTOB ¢ TpuMeTwioopoM, CredeH U3ydMs U €ro peaxiuio
¢ B(C¢F5);. Okazanoch, 4To B 3TOM cllyyae B pacTBOpe Ha0JIrona-
eTCsl NMHAMMYECKOEe pPaBHOBECHE, KOTOpPOE IIPU MOHUXKEHUU
TeMIepaTypbl CMEIIAaeTCsl B CTOPOHY amAyKTa, BBIIEJICHHOTO
u oxapaktepusoBaHHoro gaHHbiIMu PCA. Tlpu nponyckaHuu
B 3TOT PacTBOP BOIOPOIA ITPOUCXOAUT obpaszoBaHue conu (7):

[HB(CqFs);]

< NH M < < N_’B(CGFs)s

B(C6F5)3

Cpasy nociie nosiBjieHus nepBbix nyoaukanuii CtedeHa He-
CKOJIBKO HAYYHBIX IPyMM (a ceiyac ux yxe OEeCSITKU) BKIIOUYH-
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JIUCh B MCCJIEIOBAHUE «PbIXJIbIX JIBIOMCOBBIX I1Ap», CPEAU KOTO-
PBIX caMoOl YCTICITHOM M aKTWUBHOI ObLTa Tpymma mpodeccopa
T'epxapna Opkepa u3 yuusepcureta B Bropudypre. I'pynmnsr Cre-
(eHa u Dpkepa Hauaau paboTaTh B TECHOM COTPYIHUYECTBE,
IMOCTOSTHHO OOMEHMBasICh MH(pOpMaLMeit 1 uaesiMu. DpKep Mo-
Kasaj, yto 1,8-0uc-(audenundocpuno)-HadpranuH (8) B cmecu
¢ B(CFs); mpu koMmHaTHOI TemIlepaType paclierisieT BOTOPO]I,
a coutb (9) OTIIEIIISIET eTo MPU HarpeBaHuu 10 60°.

B(C¢Fs)s HB(C¢Fs);
+ . _H
Ph,P  PPh, Ph,P”  PPh,
(== 10
— Hy, 60°C
® )

DpKep MePBbIM CUHTE3UPOBA COCAMHEHUSI, U CPEAU HUX CO-
enuHeHUs (10), B KOTOPBIX TOHOPHBIN U aKIEIITOPHBINA LEHTPHI
HaXOJWJINCh B OJHOW MOJIEKYJIe Ha PACCTOSTHUU, TTO3BOJISIBIIIEM
MM 00pa30BEIBATE BHYTPUMOJICKYISIPHYIO KOOPAWHALIMOHHYIO
CBSI3b:

(C¢H,Me;),P------- B(C¢Fs),

n Hj, 25°C

B(C(F5)

[(CottaMeg,p > BEF)

(10)

H
+ B(CF
- (CMey,p”

H

XUMMST «PBIXJIBIX JIBIOUCOBBIX Iap» OKa3ajach HeoOblYali-
HO uHTepecHoli. [lpuBeny nauib HeCKOAbKO (akToB. BoT,
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TOXaJlyii, Hambosee BaxXHBIN pe3ynabrar. C MOMOIIBIO HUX
0Ka3aJIoCh BO3MOXHBIM MPOBEeHNE KaTAIUTUIECKOTO TUIPU -
pOBaHUsI UMWHOB U MHOTHUX JPYTUX HEMPENeTbHBIX cyOcTpa-
TOB:

H

|
+ B(C(F
(C6H2Me3)2P/\/’( 6Fs)2

tBu H
~ H tBu
N /TOJTYOII, 25 °C\ \N/
1,56
Ph R (1,5 6ap) Ph/ \R

(C¢H,Me3),P--mm-m- B(C4Fs),
a:R=H (5—30 Monb%)
b: R = CH;

(10)

«PbIXJIBIE  TBIOMCOBBI mapb» CIIOCOOHBI JIETKO IIprUCo-
CAUHATHCA K NU30JIUPOBAHHBIM U CONMPAXKECHHBIM KPAaTHBIM CBA-

35IM:
Me
+ -
R;P B(C4Fs)s R3 B(C¢Fs)3
Cz% / 2C=CHMe o

RsP+ B(CFs)s H)C=CHBu

+ —
R;P B(CeFs);

PRy, ——
NN 2 B(CFs); @_\

b BCED
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" _
> < tBu,P B(C(F
N R U3 _>_( (C6Fs);
R R
R =H, Me, Ph

BusP + B(C4Fs);

+ —
tBU3P 4<;>/V\ B(C6F5)3

OHU TIPUCOEIUHSIIOTCS K KapOOHWIBHBIM COEIMHEHUSIM
u CO,:
H

o

Ph

(CsH,Me;),P------- B(C¢Fs),

+, _
— (C¢H,Me;),P /B(CéFs)z

H (0]
Ph
+ —
tBu,P B(C4Fs)s
BU,P + B(C,Fy); et \c o/
1Bu; (CgFs)s =0, 170°C Vi
O6poMOeH301
C.HL.M p B(C.F + CO,, nenran, RT
(CeH,Me;), (C6Fs), ~CO,, CH,Cl,
10 WJTA TOJTyOJT
-20°C

+, _
g (C6H2M33)2P\ /B(C()FS)Z
C—O0
//
O/
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Pacckas o MHOTVX ApYyrux MHTEpeCHeMLLMX 3KCNepUMEHTasbHbIX pesybTaTax, no-
NyYeHHbIX B 3TOM O6NacTu, Janeko BbIXOAUT 32 PaMKM MPOrpaMMbl Halero Kypca.
TeM, KTO WHTepecyeTcs, PeKOMeHAylo o4eHb xopolwwit o63zop DW. Stephan,
G. Erker (Angew. Chem. Int. Ed., 2010, 49, 46—76). Ho cobbiTnsa 3ecb passuBatotcs
Tak BbICTPO, 4TO M OH yxe cunbHO ycTapen. Habepurte B SciFinder “frustrated Lewis
pairs”, u cpasy nosly4uTe CUCOK HECKOJIbKUX COTeH paboT, MoABMBLUMXCA 3a nocnes-
HWIA roa.

Ho no Toro xak 3aKOHUMUTH OOCYXICHNUE 3TOM TEMbI, BEpHEM-
¢S K IeUCTBUTEILHO OYCHb BaXKHOMY IS HAC BOIIPOCY O MeXa-
HU3Me€ pacLIEIICHUs] MOJIEKY/ISIPHOTO BOIOPOAA «PhIXJION JIbIO-
HWCOBOI Mapoii». BcmoMHUM O ToM (CcM. JieKluio 3), 4To IS
TOMOJIMTUYECKOTO pa3pbiBa 3TOIl OYEHb IIPOYHOM MOJIEKYJIbI
HeoOxomumo 3aTpaTuTh 104 Kkaji/Mojib, a TeTepoJuThYC-
CKWIi pa3pbIB, KOTOPBI IMPOMCXOAUT B 3TOM cllydyae, TpeOyeT
400,2 kkan/monb! TeopeTnyecKkre pacyeThl BHICOKOTO YPOBHS
(Meton ¢yHKIIMOHaNa TUIOTHOCTU U MP-2 ¢ pacumimpeHHbIMU
pacCIIeTUIeHHBIMU 0a3rcaMU) TTO3BOJMINA BBISICHUTD PSIA TIPUH-
LIMITMAJIbHBIX BOIPOCOB. Bo-MepBhIX, 0KA3ajl0Ch, YTO «pbIXJast
nbrorcoBa nmapa» B(Cy¢Fs); + P(fBu); nmpencrasisier coboit nocta-
TOYHO TIPOYHBII KOMIUIEKC, CTPOCHME KOTOPOTO ITOKa3aHO Ha
puc. 5.21. B HeM TOHOPHBIN U AKLIETITOPHBIN LIEHTPBI HAXOASITCS

Puc. 5.21. Crpoenue «pbixioii Jbiorcosoit naps» B(CgFs); + P(rBu); mo nan-
HBIM pacyera MeTonoM (yHKIIMOHAJA TUIOTHOCTU. [IyHKTHpOM moKa-
3aHbl BOIOpOAHbIe cBsi3u H---F
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Ha paccrostiuu 4,2 A. TIpuMeuatesbHO, 4TO 3aMETHbIN BKJIAL
B 00pa3oBaHME 3TOTO KOMILIEKCA BHOCST BOIOPOIHBIE CBSI3U
H---F Mexay aromamu Bomopoaa mpem-OyTWIbHBIX TPYIIT
¥ aToMaM# (hTOpa B apOMaTUUECKHUX KOJIbIIAX.

3aBUCHMOCTb DHEPTUHU OT paccTosHusl P---B 1Mo maHHBIM
pacueToB ABYMSI MeTOAaMM IokKa3zaHa Ha puc. 5.22. CTtpykTypa
TIEPEXOTHOTO COCTOSTHUSI IIJISI PaCIICIUICHUSI MOJICKYJISIPHOTO
BOJOpPOJA MoKa3aHa He puc. 5.23. Monekyna H, pacnonaraercs
MOYTH JTUHEWHO MEeXXIy TOHOPHBIM U aKIENTOPHBIM LIEHTPAMMU,
MexXbsiaepHoe pacctossuue H—H yBennuuBaeTcss. D1o o3Hava-
€T, YTO MEXKIY TOHOPHBIM U aKIEITOPHBIM IIEHTPAMM «PBIXJION
JIbIOMCOBOM Mapbl» CO3MAETCSI DJAEKTPUYECKOE I0JIe OTPOMHOM
HanpsiKeHHOCTHU, CIIOCOOHOE pa3opBaTh 3Ty MoJieKyny. KoHeu-
HO, 3JICKTPpUYECKIE 3apsabl Ha JOHOPHBIM U aKIIETITOPHOM aTo-
Max He TaK BeJUKM, HO Bedb PAcCTOSHHUE MEXIy HUMU OYEHb
maiio! bapbep cocrapisieT Bcero 10,4 KKaix/MoJb, peakiius CHITb-
HO 3K30TepMMuHa (—26,3 KKajl/MOJib), YTO BIIOJIHE COOTBET-

0_
2
4 B3LYP
)
£7
5 MP-2
2]
m 1A
7]0_
2 KKaJI/MOJIb
—12 ' o
4,2
—144

32 36 40 44 48 52
r(B..P)A

Puc. 5.22. 3aBrucMMOCTb S9HEPTUN «PBIXJIOH JIbloMCcoBOi mapbl» B(CgFs)3 + P(Bu);
ot pacctostHusi P--- B 1o JaHHBIM pacuyeToB ABYMsI METOAaMK
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(«Frustrated Lewis Pair Chemistry»)

Puc. 5.23. CtpykTypa epexoHOro COCTOSIHMS Mpoliecca pacilerieHUs MOJIEKY-
JISIPHOTO BOZIOPO/IA «PbIXJIOi JibloncoBoii napoit» B(CgFs)3 + P(1Bu)s

CTBYET 3KCICPUMEHTAIBHBIM NaHHBIM. (Hanomuio, umo npsamas
peaxkuus npomexkaem Npu KOMHAMHOU memnepamype, a oopam-
Has — npu 150°C.)

AHanM3 pacnpeneaeHus 3JeKTPOHHOM TIJIOTHOCTH TI0Ka3al,
yto ociiabienne cBsi3m H—H oOycnoBneHo aByms addek-
TaMu:

1) YacCTUYHBIM IIEPEHOCOM 3JIEKTPOHHOM INIOTHOCTHU CO CBSI-

3pIBatolleit 0-MO Ha BakaHTHYIO OpOUTallb aToMa 60pa;

2) DOHMpPOBaHME DBJICKTPOHHOM ITapel ¢ocdopa Ha pas-

peIxJIsIonIyto 0*-MO MoJieKyJibl BOgOpo/Ia.

(1Bu);P —~ 6*(H,) o(H,) = B(CFs)s

Mpbl pa3bupanu Ha JeKLUU 3 1Ba crnocobda, Kak MOXXHO ocJia-
OUTbH WIN pa30pBaTh XUMUIECCKYIO CBSI3b: JIMOO HY:KHO OTOPBAaTh
aJIeKTpoH (uiu mapy) ¢ B3MO, nubo nprucoeanHuTh 3JeKTPOH
Ha HBMO. BcrmoMHUTe 0 Hekimaccuueckux ruapumax Kybaca
¥ 00 aKTUBAIIMKM MOJIEKYJISIPHOTO BOAOPOIa KOMILJIEKCAMM IO3/1-
HUX IEPEXOTHBIX MeTaIOB. CUTYaIs B CITydae «PBIXJIBIX JTbIO-
HUCOBBIX Map» TOYHO Takasl Xe. PasHulia TOJBKO B TOM, 4TO
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B KOMITJIEKCaX MePEeXOTHBIX METAJIJIOB U TOT U ApYyTroi 3(pheKTh
OCYIIECTBJISITCh Ha OMHOM IIEHTPE, a 37IeCh OHU OCYIIECTBIISI -
IOTCSL JBYMSI LIEHTPAMM Pa3HON MOJISIPHOCTU. Imo munuuHwlil
cay4ail nywnyavHoll akmueauuu, i ¢ Heil Mbl ellle HEOAHOKPaTHO
BCTPETUMCS, TTOCKOJIBKY MMEHHO TaKOW MPUHIIUIT JICKUT B OC-
HOBE IEUCTBUS MHOTHX (DePMEHTHBIX CUCTEM.

Enie Heckosbko CIIOB 00 MAesiX TYHITTYJIbHOW aKTUBALIMU
B KaTasm3e. Bam, 6e3ycioBHO, M3BECTHO, YTO CYIIECTBYIOT JBa
TUIIAa KaTaau3aTopoB. KaTanuzaTopbl 37eKTpOPUIbHON MPUpo-
IIbl, MpPEeACTABISIOIINE COOONM CUJIbHBIE OPEHCTEIOBCKUE WJIU
JIBIOMCOBBI KMCJIOTHI, — 3TO CIJIBHBIC aKLenTophl. [Ipumep —
IIEOJTUTHI B KATAJIMTUYECKOM KPEKWHTE YIJIEBOIOPOIOB HE(PTH.
MHorue Katajan3aTopbl 3TOr0 TUIA COAepKaT MOHBI pAHHUX T1e-
PEXOMHBIX METAJLJIOB (TUTAH, IMPKOHUN, BAHAIWH U T. 11.), KOTO-
pBIe UMEIOT MaJIoe YHCIIO d-3JeKTPOHOB. [pyroii Thm KaTaamn3a-
TOPOB — TIO3IHUE 0JaTOPOIHBIC TIEPEXOMHBIC METAJUIBI (TIATH-
Ha, TTaJUTaJIn i, HUKeJb, POIUii U T. 11.). [IpuMep — KaTaim3aTopbl
TUAPUPOBAHUST — AETUAPHUPOBAHUSI. DTU METaJIbl UMEIOT 00JIb-
1110€ YUCJIO d-3JIEKTPOHOB U CIIOCOOHBI BBICTYNATh KaK JOHOP-
HBIC IICHTPHI, CKJIOHHBIC K PEAKIINSIM OKUCIUTEIBHOTO IIPHCOe-
ITUHEHUST MHOTUX CYOCTPaTOB, B YACTHOCTU MOJICKYJISIPHOTO BO-
JI0po/ia, O YeM 1 YXe pacckasdbiBajl. Bo3HuKaeT mpocras uaest
COBMECTUTb B OJHOI MoJIeKyJie (VI B OMTHOM KaTaIUTUYECKOM
LIEHTPE) TTO3MHUN M PaHHUM TIepeXOoaHbIe METaJUIbl U 3aCTaBUTh
WX COIJIaCOBAaHHO paboTaTh MO TYIIMIYJIbHOMY MEXaHU3MY.
Wnes, crapas kak Mup. Ho BOIIpoc COCTONT B TOM, KaK ITOCTPO-
WTh TaKyI0 MOJIEKYJTy UJIM TaKOM KaTaIuTU4IecKuii y3ei. B nure-
paType ObLIO MPenoXKeHO HEeCKOJIbKO MmyTeil. JIeT mecsiTb Tomy
Hazal MHE TIpUIIJIa B TOJIOBY HAESI CKOHCTPYMPOBATh MaKpo-
OUKINYCCKUN TTOMUACHTATHBIA JIMTaHA ¢ OIBYMSI caliTaMM pas-
HOW TIPUPOIBI IJI CBSI3BIBAHMS IBYX Pa3HBIX METAJUIOB (ITapbl
TIO3IHWI — paHHUIT) U TTOITPOOOBATh TAKME KOMITJICKCHI B TOMO-
reHHOM KaTaiu3e. KBaHTOBO-XMMUYECKHE pacyeTbl METOIOM
¢ynkumonana miuotHocT Wi map Rh — Zr, Ti — Niwn Zr — Pt
AT OOHAIEeKMBAIOIINE PEe3YbTAaThl. DTOM MAeet s IMOaeTMIICS
C HECKOJILKMMU KoJuieramu, B ToM uuciie ¢ K.-M. JleHoM, no-
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(«Frustrated Lewis Pair Chemistry»)

Jlen XXan Mapwm (p. 1939) — oauH u3 oc-
HoBaTesei cynpaMoneKkynapHoin xumMmuu. Ho-
6enesckas npemus no xumum 1987 r.

CemuHap B LleHTpe MarHUTHON TOMOrpaduu U CrIeKTPOCKOTIHH.
(Cungr: aBrop 3TuX cTpok, K.-M. JleH, akanemuk B.B. JIyHuH, ctout npocec-
cop IO.A. Tuporos. E.A. Karaes, ObIBLINIT aCTIUPAHT U COTPYAHUK JlabopaTo-
puu, HbeiHe mpocdeccop yHuBepcutera B I. Xemuuil ([epmaHust) pacckassiBaet

0 pa3pabOTaHHBIX UM METOAAX CUHTEe3a MAaKPOLIMKINYECKUX JTUTAaHIOB
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yeTHbIM JoKTOpoM MI'Y, KoTOophiii Hepeako ObIBaJl Ha HAIIMX
CeMMHapax.

K.M. Jlen yabiOHysncst U ckaszain: «OuyeHb Xopoluas uaes!
A cam ee goaro ooaymbiBai. Y MeHs Jaxe eCTh IBe-TpU padbOThI
Ha 3Ty TeMy. OHu BeinUIA B 1986 1. [TocMoTpu, 31O GyneT TeGe
WHTEPECHO». Tak s1 0Ka3aJcs B IOJOXEHUM «M300peTaTesisa Be-
JlocurienoB». S HeMemIeHHO moMyYalics B OMOIMOTEKY U Hales
9TU MyOJMKauuu. 3AeCh S MPUBOXY PUCYHOK M3 €ro paboThl
B J. Chem. Soc., 1986, KOTOpBIil TOYHO (DOPMYJIMPYET TY 3KE UAEIO
(puc. 4.24).

Lewis ocid centre

Figure 1, Principle of dimetallic activation of a cubstrate forming 4
cascade complex with a dinuclear eryptate of lfateral macrobicyclic
type combining 4 *hard’ (Lewis acid) and a ‘soft’ (redox) metailic site.

Puc. 4.24. PucyHok u3 pa6otsl XK.-M. Jlena 1986 r., dhopmynupymoiiuii uneto
MYIIYJIbHON aKTUBAIMK CYOCTPATOB [BYMSI METAUTMYECKUMHU 1I€H-
TpaMU pa3HOU MPUPOIBI

3aueM s BaM paccKasas 00 3TOM He OUeHb MPUSITHOM JIJIsl Me-
Hs caydae? HeT, He TOJIBKO [JIS1 TOTO, YTOOBI AaTh KOHKPETHBII
MpUMep CIIPaBEMJIMBOCTA PEKOMEHIALIMK, KOTOPYIO ITOJIy4YMI
B CBO€ BpeMsI OT cBoero yunuTtens akagemuka A.H. HecmesiHoBa.
OH HaM, CBOMM aclupaHTaM, roBopui: «Eciu BaMm B TOJIOBY
TIPUIILIA MHTEPECHAs! MBICITh, HEMEUIEHHO OTIIPABJISTATECH B OM-
onnoteky. Eciu uaest AeficTBUTEIBHO XOPOLLA, C BEPOSITHOCTHIO
90% ee yxe KTo-HMOYIb BbICKA3aJl WM Jaxe ocyiuecTBuil. Eciu
K€ HUYEro MOXOXEro B JIMTepaType He HAIIIOCh, elle IMsITh pa3



5.4. Xumus poixavix 160Ucoebix nap
(«Frustrated Lewis Pair Chemistry»)

MIpoBepbTe BCe apryMeHThl. O4eHb MOXET TaK CIYIUTHCS, UTO
npu OoJsiee TIIATETbHOM 00 JyMbIBAHUU OOHAPYXKUTCS OIIIMOKA».

BepHyBIIMCh K TOMY, UTO OBUIO paccKa3aHO O <«PBIXJIBIX
JIBIOMCOBBIX Tapax», M cpaBHMB nonxon CredeHa m Dpkepa
¢ unessmu, BoickazaHHbIMU K.-M. JleHoM, MBI Oe3 Tpyna mpu-
JIeM K 3aKJIIOUeHUI0, YTO peub UIeT 00 OJHOI U TOM Xe cTpaTe-
TMYECKON KOHIIETIIMHU B MPUIOXKEHUM K Pa3HBIM XUMUYECKUM
00BeKTaM. A pa3 Tak, TO MOXHO IIPUAYMATh €Il W IPYTUe CII0-
COOBI peau3aluy 3Toil KoHuenuuu. [lapy nepexoaHbIx MeTa-
JIOB «IMO3MHUI — paHHMI» Ha PACCTOSIHUSIX, KOTOPBIE MTO3BOJISI-
1 Obl UM <«KOHIIEPTHBIM CMIOCOOOM» TIO TYLIMTYJILHOMY MeXa-
HU3MY BO3IEHCTBOBAaTH Ha CyOCTpaT, MOXHO 3aKperuTh He
TOJIbKO KOOPIMHAIIMOHHBIMM  CBSA3IMU, KakK Ipeajaraet
K.-M. JleH, HO U ¢ TIOMOIIBIO O-CBSI3€i B COOTBETCTBYIOILIEM
yIaepogHoM cKejlete. Hampumep, 3TO MOXET OBITh CKEJICT OM-
(beHunena, u cTout, MHe KaxeTcs, CHayaJla TEOPeTUUECKU 00-
CYUTATh, a MOTOM, MOXET ObITh, U cAedaTh coeauHeHue (11).
Ceituac g1 00yMbIBaIO TaKOW MPOEKT, MEPBbIC PE3yIbTaThl YXKe
TTOJIyYEHBbI, U, MOXET ObITh, KTO-HUOYIIb 3 BaC 3aX04eT K HeMy
MPUCOETUHUTHCS.

an

B zakimroueHMe S X04Uy MPEACTaBUTh BaM ITOPTPETHI IBYX OY-
nyimx HobeneBckux naypeatos, mpodeccopa dyra CredeHa u3
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Toponto m mpodeccopa I'epxapma Dpkepa u3 Biopuodypra.
4 yBepeH B TOM, 4TO pabOTHI 3TUX IBYX CO3IaTesieil HOBOTO Ha-
MpaBJeHUs B XUMUUYecKoii HayKe «Frustrated Lewis Pair Chemist-
ry» TOCTAaTOYHO OBICTPO MOJIyYaT TOCTONHYIO OLIEHKY.

Ayr Crecden (D.W. Stephan) Fepxapp Dpkep (G. Erker)



JIEKLIMNA 6

OPIAHUNYECKUE KNCTTOThI
N OCHOBAHWA

CopeprkaHue nekuum

6.1. Beegenne. Onpegenerne TepmuHoB. Kucnotel n ocHoBaHua bpeHctepa u Jlbtoun-
ca. KncnoTHo-ocHoBHOe paBHoBecHe

6.2. KUcnoTHOCTb M OCHOBHOCTb B ra3oBoil pase

6.3. KUCNOTHO-OCHOBHbIE paBHOBECHA B pacTBOpax

6.4. CH-Kucnors!

6.5. Cynepkucnotbl

6.6. OpraHuyeckne CyrnepoCHOBaHA

6.7. TpUHLMN XKeCTKMUX U MAMKUX KUCIOT u ocHoBaHuin (XXMKO)

6.8. KuHeTnyeckan 1 TepMOAMHAMMYecKas KUCIIOTHOCTb

[HononHerue |

6.1. Beepenne. OnpesenexHne TepMUHOB.
Kucnotbl n ocHoBanusa bpenctepa
n Jlbtonca. KucnotHo-ocHoeHoe
paBHOBecHe

CyuiecTByeT IBa OOLICTIPUHSATBHIX COBPEMEHHBIX OIpeaesIeHUs
TIOHSITUIM «KMCJIOTa» U «OCHOBaHuWe». Ilo bpeHcremy, kucio-
Thl — 3TO COEOUHEHUSsI, CIIOCOOHBIE BBICTYIIATh B KAYECTBE HO-
HOpa IPOTOHA, OCHOBAHUS — COEAMHEHMS, CIIOCOOHBIE TIPUCO-
eOUHATH TTPOTOH. TakuM 00pa3oM, 3T IBa TOHITUS Hepa3phIB-
HO CBSI3aHBI IPYT C IPYroM (OOHO HE MOXET CYIIEeCTBOBaTh Oe3
JIPYroro) paBHOBECHBIM mporieccoM (6.1):

AH +B=A"+ BH* (6.1)

Kucnora AH u ee anuoH A~, a Takxke ocHoBaHMe B u ero
nporoHnpoBaHHas @opma BHT gBisgioTcs compsoKeHHBIMU
KHUCJIOTHO-OCHOBHBIMU MapaMu. B omiHOM 13 paBHOBecHIi Bellie-
CTBO MOXET BBICTYIIaTh KaK OCHOBaHME, B TO BpeMsI KaK B ApY-
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C

N

_ — _ O+
H—a + B = a4 O
H H H H
Kucnora OcHoBaHMe CornpsixeHHOe ConpsikeHHast
OCHOBaHMe KHUCJIOTa
I(”)Z I(”)Z
H\ /C\"/H H\ /C\"

C 00 +0—H= C O +:0—H

H H H H H
VYKcycHas kuciaora  [MapoKcua-uoH Auerar-uoH Bona
pK,=4,76 (ocHOBaHUE) (comnpsiKeHHOe (pK,=15,74)
OCHOBaHME) (compsixeHHast

KHCJI0Ta)

Puc. 6.1. Kucnora u ee aHMOH, a TaKXe OCHOBaHWE W €ro MPOTOHWPOBAHHAsI
(hopma sBISIIOTCST CONMPSIKEHHBIMU KUCIOTHO-OCHOBHBIMU MapaMu

roM — Kak Kuciota. Hammpumep, Boma BBICTYIIaeT KaK OCHOBa-
HHUE IT0 OTHOIIEHUIO K XJIOPUCTOMY Bomopoxy. ConpszkKeHHOMR
K Hell KUCIOTOM SIBsUIsIETCS] MOH TUuIpoKcoHusl. Ho oHa mMoxer
BBICTYIATh U KaK KMCJIOTa, HAIIpUMeEp, MO OTHOIIEHUIO K MOJIe-
Kyae amMmuaka. CONnpsKeHHBIM eif OCHOBaHUEM SIBIISICTCSI TH-
npokcun-noH. O TaKMX BellecTBaX TOBOPSIT, YTO OHU O0JIamaoT
aM(bOTepPHBIMA CBOICTBAMU. AOCOJIIOTHO JIMIIEH OCHOBHBIX
CBOWCTB TOJIBKO «TOJIbII TIPOTOH».

Ha puc. 6.1 nokazansl Kaptel MO MoJIeKyJ1, y4aCTBYIOIINX
B IBYX KMCJIOTHO-OCHOBHBIX paBHOBecusX. HamomHio Bam, 4TO
00JIaCTH TOJIOKUTEILHOTO 3apsila Ha IMTOBEPXHOCTH OKPAIIICHBI
B CUHUIA IIBET, a 00JIaCTU TTOBBIIIEHHON 3JI€KTPOHHOM TIIIOTHO-



6.1. Beedenue. Onpedenernue mepmunos. Kuciomot
u ocnoeanus Bpencmeda u Jlvrouca. Kucrommno-ocnoenoe pasrogecue 3

CTH — B KpacHblil. HeTpynHo BUAETh, UTO aTOMBI BOOPO/Ia, CIIO-
COOHbIE YXOOUTh B BUIE MPOTOHA, BCEr[a HAXOJSITCS B CUHEN
obyacTu.

bpeHcTenoBckass KUCIOTHOCTh OPTaHUYECKUX COECOUHEHUN
OOBIYHO OTIpEMEesIIeTCs M0 OTHOIIEHUWIO K BOJIe KaK K OCHOBa-
HUIO U OLICHMBAETCSI, KAK MbI Y€ 3HaeM, KOHCTAaHTON KUCJIOT-
HOI AuccolMaluy 3TOTO coequHeHus1 K, Ui 0OpaTHBIM Jiora-
pudMOM KOHCTaHTBl Auccouuauuu pkK, KOTOPbIM MBI yXe
MOJTB30BAINCH B JieKunu 4. bpeHcTenoBckasi OCHOBHOCTh Olie-
HUMBAETCsl KaK KUCIOTHOCTh COTPSI)KEHHOW OCHOBAHUIO KUCIIO-
ol BH* o ero 3nauenuto pK,,.

Peakuuu nepeHoca npotoHa (6.1) UrpaloT MCKIIOYUTEILHO
BaXHYIO POJIb B XUMHUYECKUX U OMOXMMHMUYECKUX TpoIleccax.
MHorue 6GMOXMMUYECKUE peaKlMy KaTaIU3UPYIOTCsS KUCIOTa-
Mu bpeHcrena. Yacto Takoil mepeHocC 3alycKaeT KacKal Aajib-
HeUIMX OMOXMMMYECKUX TMPEeBPAICHUN KaK <«IPOTOHHbIA
Tpurrep». Karaaus KucioraMuM MU OCHOBAaHUSIMHM IIMPOKO MC-
TMOJIb3yeTCsl KaK B JaOOpaTOpHON MpaKTUKe, TaK U B CAMbIX pa3-
JIMYHBIX MPOMBIIILJIEHHBIX MTPOIIECCaX.

MHTepecHblie, XOTA yXKe 1 HerMoJHble CBe/ieHNA 06 3TOM MOXKHO HaifTh B AByX 06-
3opax Bupo Bycka (Busca G. Acid catalysis in industrial hydrocarbon chemistry [/
Chem. Rev., 2007, |07, 5366—5410; Busca G. Bases an bsic materials in chemical
and enviromental processes. Liquid versus solid basicity // Chem. Rev., 2010, /10,
2217—2249).

KucnoTHOCTh M1 OCHOBHOCTh IO bpeHcTeny SBaSIOTCS 4acT-
HBIM CjydyaeM OoJiee MIMPOKOIO MpencTaBleHUs O KHUCIOoTax
U OCHOBaHUsX, chopmynupoBaHHoro JIbtoucom. Ilo Jlstoucy
KUCJIOTaMH SIBJISIIOTCSI COETMHEHUsI, CTIOCOOHBIE aKIIENTUPOBATh
rnapy 3J€KTPOHOB, 2 OCHOBAaHUSIMU — COEAUHEHMUSI, CTIOCOOHbIE
ee OTIaBaTh NMpU 00pa30BaHUM KOBAJIEHTHOW CBS3U. DTOT TUIM
B3aMMOJIEUCTBUSI, TOHOPHO-AKIIENITOPHYIO CBSI3b, MBI YK€ pac-
CMOTpEJH B JIeKIIWU 4, a B IEKIIUU 5 Mbl BCTPETUINCH C UCKITIO-
YUTETbHO UHTEPECHBIM SIBICHUEM — <«PbIXAbIMU AbIOUCOBIMU NA-
pamu». TUTTMYHBIA TTPUMEP KUCIOTHO-OCHOBHOTO PaBHOBECHS
o JIptorcy npuBeaieH Ha puc. 6.2. BTo oOpa3oBaHUe KOMIUIEKCa
TpudTopuna 6opa ¢ auMetTwioBsiM 3upom. Ha kaprax MOII
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Tpudropun 6opa JumeTnaoBblii ahup Kowmrieke
(kucnota JIplonca) (ocHoBaHue JIviouca)

Puc. 6.2. KrcioTHO-oCHOBHOE paBHOBecHe 110 JIboncy

OTJIMYHO TIPOSBISIOTCS 00JIACTU MOJIEKYJI C HEIOCTaTKOM (CH-
HUE) U U3OBITKOM (KpacHBIE) JIEKTPOHHOU MIOTHOCTH.

bonee obmas dopmynupoBka JIponca Mo3BoJIIeT paccMa-
TpUBaTh MHOTHE OPTaHUYECKHE PEaKIMU, B KOTOPBIX IIPUHUMA-
0T yJacTue KUCJIOThI JIbronca (371eKTpodiIbHbIE peareHThl) WiIn
ocHoBaHus JIbonca (HyKJieo(WIbHbIE peareHThl), ¢ EAMHBIX MO-
UL KUCIOTHO-OCHOBHBIX B3aumoneicTBuii. Bocrnonb3yem-
cs ciydaeM M paccMoTrpuM kKapty MOIT mosexynbl aileToHa
(puc. 6.3), 4TOOBI ONpPENeIUTh, KAKUM 00pa30M MOXET y4acTBO-
BaTh B KMCJIOTHO-OCHOBHBIX PABHOBECHSIX 3TO BEILIECTBO.

Ha kapte oTueTIMBO BUAHA 00JIACTH BHICOKOI 3JIEKTPOHHOM
TUTOTHOCTU Ha aTOMe KUCJOPOJAA, HECYLIEM JIBE HEMOIeJIeHHbIE
3JIEKTPOHHbBIE Mapbl. OUEeBUIHO, YTO IIPOTOHUPOBAHUE ITOM MO-
JIEKYJIbl U1 KOOpAUHALUS KUCTOT JIbtorca 6yayT MpOXOAUTh UMEH-
HO no kucjgopoay. CTojib XXe OTYETIMBO BMIHA CUHSS 00JacThb
3JIEKTPOHHOTO nedunurta. B Helt HaXoasTCs aTOM yryiepona Kap-
OOHUJIBHOI TPYIIBI ¥ aTOMBI BOIOPOIa METWIBHBIX rpyril. [Toa-
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Puc. 6.3. Kapra MOII MoJieKyJibl alleTOHA

TOMY MBI BIIPaBe OXKHMIATh, YTO CUJIEHBIC OCHOBAHUS OYIYT OTPBI-
BaTb 9TU aTOMbI Boopona. KoHeuHo, Takue peaklinu ajlbAerua0B
M KETOHOB B Q-MOJIOXEHUU MO OTHOLIEHWIO K KapOOHWJIbHOMI
rpyIe BaM yXe u3BecTHbl. OHM UTpaloT UCKIIOUUTEIbHO BaK-
HYIO POJIb B XUMUU KapOOHUJIbHBIX COEAMHEHUI BCEX TUTIOB.

Haia cerogHsiiHssl 3amaya COCTOUT B TOM, YTOOBI 0000-
IIUTh M CUCTEMATU3UPOBATh 3HAHUS O KUCJIOTHO-OCHOBHBIX
B3aMMOJIEICTBUSIX U BBISIBUTh 00111€ (PAKTOPHI, KOTOPHIE YIIpaB-
JISIFOT UMU.

INonmapnsioiiee 4YMUCIO OpraHUYECKUX peakUUil TpoTeKaeT
B pacTBopax. PacTBopuTteb, Kak MbI YK€ XOpOILIO 3HAaeM, OKa3bl-
BaeT CYIIECTBEHHOE BIMSHNIE HAa CKOPOCTU XMMUUECKMX peaKInii
M TIOJIOKEHME paBHOBecHs. [103TOMY MBI, OTCTYIIasI OT OOIIEIIpH-
HSITOTO MOAXOJa B U3JIOKEHUW ITOU TEMBI, pACCMOTPUM CHavajia
SIBJIEHUE «B YMCTOM BUJE», T.€. MPOAHAIU3UPYEM KMCJIOTHO-OC-
HOBHbBIE CBOICTBAa OpraHMYeCKUX COCOMHEHUI B Ta30BoOil (hase,
a 3aTeM IepeineM K UX IMposIBIICHUIO B pa3JIMUHBIX cpeaax.

6.2. KncnotHocTb 1 OCHOBHOCTb
B ra3oBow daze

Mepoit 0CHOBHOCTH aHMOHA A~, HEMTpaJIbHOrO aToMa U MoJie-

KyJbl B B ra3oBoii chase siBsieTcst CpoaCTBO K MPOTOHY £ py, paBHOE

BHEPTUU, KOTOPasl BbIACISICTCS IPU MX ITPOTOHMPOBaHUM (6.2):
A~ + H*— HA

B+ H*— BH" 62)
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B razoBoii ¢haze 3T mIpolrecchl Bceraa MPOTEKAlOT C BBIILIE-
HUEM 2Hepruu. B oTanune oT OONBIIMHCTBA IPYTUX CIIydacs,
KOTIJIa SHEPTUI0 3K30TepMHUIECKIX ITPOIICCCOB ITPUBOIAT CO 3HA-
KOM «MUHYC», Ep, TaeTcs CO 3HAKOM «ILTIOC» TTI0 0CO00MY coria-
IIEHUI0, KOTOPOE TaKXKe MPUMEHSIETCS I SHEPTUU CPOACTBA
K 3JIEKTPOHY.

DKCcrepuMeHTaIbHO u3MepeHusi Ep, MPOBOAST MeTOoAaMu
Macc-CIeKTPOMETPUU, U3 KOTOPBIX HauboJiee TOYHbIE 3HAUSHUS
MO3BOJISIET MOJYYUTh METON MOH-LIUKIOTPOHHOIO pe30oHaHca
(ULIP). C ero ocHoBaMM MBI MO3HAKOMHUMCS B JIEKUMU TI0
Macc-crekTpoMeTpuu. B m3MepuTenbHO# sdeiike Macc-CIiek-
tpomeTpa MLIP MoxHO ¢ Xopolleil TOUHOCThIO U3MEPUTH KOH-
CTaHTy PaBHOBECUS] MOH-MOJIEKYJIIpHOI peakumu K, (6.3). ITo-
CKOJIBKY OHa CBsI3aHa CO 3HAYeHUEeM CBOOOTHOI SHEPIUU paB-
HoBecust AG cooTHoleHUeM (6.4), U TOTO YTOOBI HAWTU Fp,
IIJIST HeHTpaiabHOro cyocrpata N, He00X0AUMO, UTOObI OHO OBLIO
W3BECTHO I periepHOro cyocrpata M 1Mo maHHBIM HE3aBUCH-
MBbIX U3MEPEHUM.

K,
MH* + N=2=NH*+ M (6.3)
RTInK,=AG=AH — TAS (6.4)

Takue 3HaYeHUsT U3BECTHDI [JIsI HECKOJbKUX PENEPHBIX Cy0-
CTPaTOB, U3 KOTOPBIX YaCTO UCIOJb3yeTcsl MOH aMMoHust NH.
[MonGopka 3HaueHU Ep, 11T HEKOTOPBIX aTOMOB W HEUTpasib-
HBIX MOJIEKYJI IIpUBeaeHA B TabuLe 6.1, a 111 aHUOHOB — B Ta-
ommue 6.2.

O TOM, KaK U C KaKOM TOHYHOCTLIO OHM MOMYHatOTCA, Bbl MOXETE MPOYMUTaTL B pa-
6otax Lias S.G., Liebman JF., Levin RD. Evaluated gas phase basities and proton
affinities of molecules; heat of formation of protonated molecules // J. Phys.Chem.
Ref. Data, 1984, 13 (3), 695—808; Hunter E., Lias S.G. Evaluated gas phase basities
and proton affinities of molecules. An update // J. Phys. Chem. Ref. Data, 1998,
27 (3), 413—647. Tam xe npusefeHbl TabnuLpbl C GOMBLUMM KONMYECTBOM 3HaYe-
Huit Eppy ANs coeavHEHNI pasHbIX KNaccos.

YeM BbIllIe CPOACTBO K MPOTOHY Ep,, TEM CUIbHEE OCHOBA-
HHE U TeM cjlabee CoIpsDKeHHast eMy Kuciaora. M3 TaHHBIX 3TUX
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Ta6muma 6.1. 3HaueHnss cpoAcCTBa K TPOTOHY B Ta3oBoil daze Epy
(xJI3k/MOJIb) JIJIsT HEKOTOPBIX AaTOMOB M HEUTPATbHBIX MO-

NeKyI1
B Ep, B Epy B Epy
He 178 C,H, 641 PH; 789
Ar 371 SiH, 649 C;H,0H 798
0, 422 S0, 676 H,NOH 803
H, 04 H,0, 678 (CH3),0 804
HF 490 C,H, 680 (CH3),CO 823
N, 495 H,0 697 (C,H5),0 838
Xe 496 H,S 712 NH; 854
NO, 531 HCN 717 NH,NH, 856
o, 548 H,CO 718 CgHsNH, 877
CH, 552 CeHe 759 (CH3),80 884
HCI 564 CH;OH 761 | (CHy),NCHO| 884
NO 571 CH;3;SH 784 CH;3;NH, 923
Co 594 | C,H;OH | 788 CsHsN 924
C,H, 601 CH,CN 788 (CH3);N 942
(CH5)3 N 972

Ta6muma 6.2. 3HaueHnss cpoACTBa K TPOTOHY B Ta3oBoil daze Epy
(xI3k/MOJIB) ISt HEKOTOPBIX aHUOHOB

A” Epy A~ Epy

1~ 1315 ~CH,CHO 1533
CF3C00~ 1350 ~CH,S0, CH; 1534
Br- 1354 CgHsNH- 1536
NO3 1358 ~CH,COCH, 1543
ClI™ 1395 F~ 1554
NOy 1415 ~“CH,CN 1557
HCOO~ 1444 C3H,0~ 1568
CH;COO~ 1458 HC=C~ 1571
CeH;0~ 1470 FiC 1572
CN™ 1477 CyH;0™ 1574
CsHs 1490 CgHsCH3 1576
~CH,NO, 1501 CH,0~ 1587
CH;S™ 1502 OH™ 1635
Cl3C™ 1515 NH3 1672
H- 1675 CH; 1743
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TAOJIMII CIIeMyeT, YTO IBa CAMBIX CHJIBHBIX M3 U3BECTHBIX OCHO-
BaHMI B ra3oBoii (haze — MeTaHUA-aHUOH U TUApUI-aHUOH. Ta-
kum obpaszom, metan CH, u Monekyna Bogopona H, — aBe ca-
MbIe cy1adble KUCIOoThl. Ho 00e 3Th MOoJIeKyIbl ClTIOCOOHBI BHICTY-
MmaTh ¥ B KauecTBe OCHoBaHMIA. [TprcoeanHsIsi TpOTOH B ra30BOit
(aze, onu ob6pasyior wonwsl [CHs]" u [H;]*, asnexrtponHyio
CTPYKTYPY KOTOPBIX MBI paccMoTpenu B jJekuusx 3 u 4. Cpeau
HEUTpaJIbHBIX aTOMOB M MOJICKYJI CAMBIM CJIA0BIM OCHOBaHHMEM
SIBJIIETCS aTOM Tefivsi. OH MPUCOENUHSIET «TOJIbIM» IMPOTOH B ra-
30BOil (baze C BbIAeJIeHHEM BHepruu B 42,5 KKaja/Mojb, 4TO
B 4 pa3a MeHbIIIe, YeM SHEPIHUS IIPOTOHUPOBAHUS MOJICKYJIBI BO-
IIbl, M B 3 pa3a MEHbIIIEe, YeM dHEPrysi IPOTOHUPOBAHUST MOJIEKY-
JIBI METaHa.

ITo manHbIM Tabuu1L 6.1 1 6.2 MBI JIETKO MOXEM PacCYMTATh
Jiorapu®mbl KOHCTAaHT paBHOBecuit 1g K, 111 TpOTOHUPOBAHMS
pa3IMYHBIX OPTaHMIECKUX CyOCTPaTOB B ra3oBoil haze. OHM n3-
MeHsoTcs B nuana3zoHe 209 nopsodkosé ot 96,8 miig MeTaHa 10
305,8 mrs metmibHOTO aHMoHa CH3. A eciii MCTiosib30BaTh Kak
MIPOTOHUPYIOIINI areHT TMAPOKcoHUiM KatnoH H;0%, To mis
B3aumoneiictust CH, + H;O* — [CH;|* + H,O nonyuum 3Ha-
yeHue lg K =—-25.4.

3adaHue: Monbaysacb AaHHbIMKU Tabnuy 7.1 u 7.2, paccum-
TalTe KOHCTaHTbl CreAyloLuX paBHOBecUi B rasoeon dase
npu 298 K.

NH; + H,0 == NH; + H,0*
H,0* + H,C=CH, == H,0 + H,CCHj
H,CCOCH, + OH- == H,0 + H,CCOCH;

PaccMoTpuM Tenepb oOIIME 3aKOHOMEPHOCTU, CBSI3bIBAIO-

1ue 3HauyeHust Ep  CO CTPYKTYpO COENUHEHUA.

1. KucnorHocth coenuHenuss H—X pacrteT npu ABM>KEHUN
no psiny anemeHToB X B [lepronnuyeckoii cucteme cieBa
HAIIpaBo, T. €. B TOM Xe IOPSIIKe, 9TO 1 SJIEKTPOOTPHUIIA-
TeapHOCTh X (Tabi. 6.3).
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Ta6muma 6.3. Kucnornocts coenquuenust H—X pacrer (Epy compsi-
JKEHHOTO OCHOBaHMsSI X TaaaeT) ¢ POCTOM 3JICKTPOOTPH -

HaTeJIbHOCTU X
ConpskeHHOe OCHOBaHHE CH3 NHy OH™ | O
Epy (x]1/MOJTb) 1743 1672 1635 1554
Xy 1o ITommHry 2,50 3,0 3,50 4,0

2. KucnotHocth coequHeHuss H—X pacTteT npu ABUKEHUU
o psiay a7aeMeHToB X B [lepronnyeckoii cucteme CBepxy
BHU3 C pOCTOM MOHHOTO paguyca X (tad. 6.4).

Ta6muua 6.4. KucnotHocts coenunenusi H—X pacrer (Ep, conpsi-
JKEHHOTo ocHoBaHMsI X TanaeT) ¢ pOCTOM MOHHOIO pa-

nuyca X~
ConpsizKeHHOE OCHOBAHHE F- Cl- Br— I~
Ep, (k1x/M0I1b) 1554 1395 1354 1315
Wonnelit pagmyc (A) 1,12 1,64 1,76 2,03
X I0 IommHry 4,0 3,1 2,8 2,6

O06e oTMeYeHHbIE 3aKOHOMEPHOCTH BITOJTHE HaM ITOHSTHBI.
YeM OoJibliie 3J€KTPOOTPHULIATEIBHOCTD 2JIEMEHTA, TEM IIPOUYHEe
OH yIepKMBaeT 3JIEKTPOHBL. Ho pocT MOHHOTO pagnyca IIprUBO-
IUT K TOMY, YTO TIaJaeT IJIOTHOCTH 3apsijia Ha IMOBEPXHOCTHU
aHUOHA, a 3TO CWJIbHO TOBBIIIAET ero YyCTONYMBOCTh. [1oaTOMYy,
XOTS B PSIAY TAJIOTCHOB 3JIEKTPOOTPHULIATEILHOCTh YMEHBIIIACTCS
oT ¢Topa K omy, 3 heKT pa3zMepa MOHA MPEBATUPYET.

Cpenu opraHmyeckux coeauHeHuit npeoodnanaroTr OH-kuc-
JIOTBI. MBI yXe BCTpeyaluch B 3TOM KadyecTBE CO CIIMpTaMu
ROH u xap6onoBeiMu kuciotamu RCOOH. Onupasich Ha gaH-
HbIE TI0O KOHCTAHTaM MCCOLMAIIMY KapOOHOBBIX KHUCIOT B BOJI-
HBIX pacTBOpax, B JIEKIIMU 4 Mbl OOCYXIaIu MPUPOLY MHIYK-
TUBHOTO M pe3oHaHCHOTo 3ddekToB. S yxke oTMeyasn, 4To 1o-
JapHbId 3bdekT (MHAYKTUBHBIA 3(dexkt + addekT moms)
AJTKWJIBHBIX TPYIIN MEHSIeTCS B CIIEAyIolIeM TMopsake (CM.
Tabm. 4.18):

(CH,)sC > (CH,),CH > CH,CH, > CH,
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Ha 3TOoM ocHOBaHMU MBI BIIpaBe OXMIATh, YTO CAMBIM CTa-
OunbHBIM aHMOHOM RO~ B raszoBoii ¢aze OyaeT MeTWJIaT-UOH
CH;07, a Bce aJIKOKCUI-aHUOHBI TOJKHBI OBITh CYIIECTBEHHO
MeHee cTabuiabHbIMU, YeM ruapokcun HO™. Ho obGpaTum cBoii
B3IJIsI Ha Tabmuiy 6.5. HaGmromaercss mpoTUBOITOIOXKHAS TEH-
neHuust!

Ta6mmua 6.5. KucnorHocts criuproB ROH B rasoBoit dase u Epy
(kIx/MoJb) comnpsikeHHbIX ocHoBaHUT RO™. B ckobkax
MpUBEICHBI 3HaYeHUs Epy, TOTydeHHbIE B KBAHTOBO-XM-
MHMYECKOM pacyeTe (00bSICHEHHE B TEKCTE)

Conpsuxennoe ocioane | HO~™ | MeO™ | EtO™ | i-PrO™ | t.-Bu
Ep4 (3KcI.) TeopeT 1663 1595 1582 1575 1571
PA {SKCTL) TEOPCT. (1608) | (1593) (1580)

CpaBHenue 3HaueHuit pK, a-ramounykcycusix XCH,COOH
KHCJIOT B BOJHOM PAacTBOPE M 3HAUEHWI MX KUCIOTHOCTEN B ra-
30BOI (hase mpuBeneHO B Tabiuie 6.6. BHOBb BUINM OTYETIIN-
BYIO aHTMOATHYIO 3aBUCUMOCThL! Camas criIbHasl B BOIHOM pac-
TBOpe (PTOPYKCyCHAasl KMCI0Ta B Ta30BOM (ha3e OKa3hbIBAeTCsI ca-
Moit cnaboil. DTu aBa MNpuMepa SCHO I0Ka3bIBalOT, 4YTO
HEoO0XOIMMO BCeraa Npyu MHTePIIpeTaliy JI000ro XMMUYeCKOTo
CBOMCTBA paccMaTpuBaThb pasHble (hAaKTOPbI, KOTOPbIE MOTYT
OKa3bIBaTh Ha HErO BIUSIHUE

Tabmuua 6.6. 3HaueHus pK, o-ranounykcycHeix XCH,COOH xucnor
B BOIHOM pacTBope 1 3HaueHust Epy annonoB XCH,COO™
B ra3oBoii paze

X 8 XCH,COOH F al Br I
Ep (KI1K/MOb) 1415 1404 1401 1399
K, 2,59 2,87 2,90 3,12

ITonpobyeMm pa3o0OpaThbcsl B 3TOM CUTYalIMK C TTOMOIIBIO He-
SMITMPUIECKOTO KBAaHTOBO-XMMHMUYECKOTO pacdyeTa BBICOKOTO
YpOBHS. { ¥ 31€Ch BOCMOJb30BAJICS 7151 pacyeTa MeToaoM (hyHK-
LIMOHAJIA TUIOTHOCTU C HEAMITUPUUECKUM TI'PaaueHT-KOPPEKTU-
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poBaHHbBIM ¢yHKIIMOHATOM PBE ¢ pacimpeHHbIM paciiernieH-
HBIM TPEXIKCITIOHEHTHBIM 0a3ucoM. [TonydyeHHble 3HaueHus1 Epy
(kIx/Mou1b) IpUBeAeHbI B cKOOKax B Tabauie 6.5. C yaoBieT-
BOPEHUEM OTMETUM, UYTO Halll pacyeT MPUBE K MOYTU KOJIUYEe-
CTBEHHOMY COBIMAJICHUIO 3HaYeHUI Ep, C 9KCIEpUMEHTAIbHbI-
MU, YTO CBUJIETEIHCTBYET 00 aJIeKBaTHOCTU MCIIOIb3yeMOTO Me-
tona. Lyt TOro 4TOOBI TMOHSATH, MOYEMY B 3TOM CJydae He
paboTaeT mpocToe MmpeacTaBieHre 00 MHAYKTUBHOM 3(ddekTe,
MpOoaHAIM3UPYEM paclpeneieHue 3JeKTPOHHON TUIOTHOCTU
B METOKCHUJI- U TPET-OyTOKCUI-aHUOHAX. 3JHAUEHMUSI 3apsIIOB Ha
aToMax, BBIYMCICHHBIX 10 XWMpIIhEeTbITy, HaHbl B Tabm. 6.7.
B ckoOkax s1 mpuBes 3HaUeHUsI pa3HOCTEH 3apsiIoB HA COOTBET-
CTBYIOIIIUX aTOMaX IO CPABHEHUIO C UCXOAHBIMU CIIUPTAMM.

Ta6auna 6.7. 3apsabpl Ha aToMax ¢ ¥ Pa3HOCTH 3apsiIoB Ag IO CpaBHE-
HUIO C UCXOMHBIMM CITUpPTaMU (B CKOOKaX) B METOKCHII-
U TPeT-O0yTOKCHUI-aHMOHAX

RO~ 9 (Ag)
0 ! xC? =H! IH?
20.56 —0,13 — —0,30 -
1l ’ > ’
H';C'0 (0,36) (0,12) (0,38)
0,52 +0,02 —0,414 — —0,092
2 2. ol , > ’ ;
HSCECO0 N 0322) | 0.047) | (0.125) (0,376)

Cpa3y OTMETUM HECKOJIbKO MHTEPEeCHBIX (hakToB. OTpuIla-
TeJIbHBIN 3aps Ha aTOMe KUCJIOpoAa B METOKCHUI-aHUOHE OKa-
3bIBAeTCs BHIIIE, UYeM B TpeT-O0yToKcua-aHnoHe. Ha ocHoBaHMM
MOJIeJIM TIPOCTOr0 MHAYKTUBHOIO 3(ddekTa MOXHO ObLIO ObI
O0XUAaTh MPOTHUBOIOJOXHOIO pe3yabTaTa, TaK KakK IOJSIPHBIN
noHopHbI 3dexkt (CH;);C-rpynmbl Oosblile, YeM MeTuiia
CH;. bonpinii oTpuLiaTeIbHBIN 3apsii Ha KUCJIOPOIE METOK-
CHI-aHMOHA U SIBJISIETCS TJIaBHOI IMIPUYMHOM TOTO, YTO €ro Mpo-
TOHHOE CpoAcTBO Ep, BbIIE. 3a CYET YEro Xe IPOU30IILIO
YMEHBIIIEHWE 3TOro 3apsiia IpU Mepexoie K TpeT-OyToKcumy?
ScHO BUIHO, YTO B JAeJOKaJIM3alUU 3apsiia TMPUHSIA ydacTue
neBsath cBsa3eit C—H Tpex MeTwibHBIX Tpymn. B Ttepmunax,
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ONMCHIBAIOLIMX Iepepacrpeae/icHre DJIeKTPOHHOW B paMKax
MPUHITON HaMU MOJIEN JOKJIM30BaHHBIX CBSI3¢i, 3TO O3HAYa-
€T, UTO 3[IeCh MbI BIIEPBbIE B 3TOM Kypce BcTpedaemcs ¢ addek-
TOM OMPULAMENbHOL 2UNEPKOHBIO2AUUU — C TIEPEHOCOM 3JIeK-
TPOHHOW TIJIOTHOCTU C HECBS3BIBAIOIINX OpOWTAJICIA, 3aHSITHIX
TpeMsI SJIEKTPOHHBIMU MapaMU aToOMa KHCJIOPOa, Ha pa3phIXiis-
omue o*-opoutanu cesazeit C—H (n,0*-TunepKoHbBIOTAIINS).
MBI yXe BCTpEHAINCh C TIPUMEPAMU HOAOHCUMENbHOU eunep-
KOH®Bl02auuu, TIPY KOTOPOM TTPOMCXOIUT IMEePEHOC IJIEKTPOHHOMN
TUIOTHOCTU CO CBSI3BIBAIOIIMX O-OpOMUTalieii Ha BaKaHTHYIO
2p-0opOuTaNh WX Ha Pa3phIXJISIONIYIO TT*-0pOUTab, B ICKIINH 4.
HarmomHI0, 9TO IMEHHO TaKUM TIEPEHOCOM OOBSICHSIETCS BBICO-
Kasi CTabUJIbHOCTh TPET-OYTUJIBHOTO KaTUOHA.

Ceitvac B niTepatype U3BeCTHO MHOro npuMepos OTPIALlaTeﬂbHOﬁ rMNepKoHbIora-
LUK, N 37O ABNEeHUe Usy4eHo BecbMa I'IO,D.POGHO. O,D.HIAM u3 Hanbonee APKMX ee npose-
JIeHVIN ABNAETCA TaK Ha3blBaeMbli aHOMePHbII;i 3¢¢)eKT, C KOTOpPbIM Mbl MO3HAKOMUMCA

B AafibHEeNLLEM.

Htak, MbI elie pa3 yoexxaaemcs B TOM, UYTO MIPU UHTEpIpeTa-
MM XUMUYECKUX JAHHBIX HEOOXOAMMO paccMaTpUBaTh pa3iny-
HbIE aJIbTEPHATUBHbBIE TUITOTE3bI, TTOCKOJbKY MPUPOAA STUX SIB-
JIEHUI MOXET OBbITh CJAEACTBUEM HECKOJbKMX YaCTO KOHKYPUPY-
IOIIMX 3JEKTPOHHBIX B3auMMOJEUCTBUIA, OaM3Kux o cuie. Ho
Takue B3aMMOAECHCTBUSI MOTYT 1 YCUJIMBATh Apyr apyra. Hanpu-
Mep, 2,2,2-TpudTOPITAHO SBJISIETCS 60J1ee CUIIbHOM KMCIOTOM,
YeM 3TaHOJI, U B Ta30Boii aze, U B pacTBOpE. DTO OTJIUYHO BUII-
HO MpY CpaBHEHUM LBETHBIX KapT MDIT aHMOHOB 3TUX ABYX MO-
neKkyin (puc. 6.4). Atom Kuciopoaa B TpU(PTOPITOKCUIE OKA3bI-
BaeTCs B XKeJNTOM 06J1aCTH, B TO BpeMsI KaK B TOKCUIIE OH B Kpac-
HOI 00JIaCTH, YTO YKa3bIBaeT Ha 00Jiee BHICOKYIO DJIEKTPOHHYIO
TUIOTHOCTh Ha HeM. B 2,2, 2-TpudTopaToOKCHUIE TPOUCXOIUT TIe-
PEHOC 2JIEKTPOHHOM MJIOTHOCTU C OpOUTAJIEN, 3aHATHIX HETTOE-
JICHHBIMM 3JIEKTPOHHBIMU MapaMu KUCJIOPOAa, HA Pa3pbIXJIsiio-
mue o*-opoutamm cBsizeit C—F, KoTopble JiexkaT 10 SHEPIUHU
CYIIECTBEHHO HUXe, yeM o*-opoutanu cBsaseii C—H. Benen-
CTBME 3TOTO #1,0*-TUMEPKOHBIOralMs B MOJIeKyJie TpudTOopaTa-
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CH,CH,0" CF,CH,0"

-

w T

Epy = 1582 k]Ix Epy = 1511 kIx
CH;CH,0—H CF;CH,0—H
K, =16 K, = 12,4

Puc. 6.4. CpaBHeHue kapT MOII aHMOHOB, a Takoke 3HauUeHUit Epy u pK, aTaHO-
sau 2,2,2-tpudTopaTaHosia MokasbIBaeT, 4To 2,2,2-TpudTop3TaHo] —
Gosiee cUTbHAS KMCIIOTA

HOJIa BbIpaXkeHa ellle 0osiee CUIIbHO. 37eCh JBa 3JIEKTPOHHBIX
addekTa — MouiHbii (—1)-3ddexTt rpynmnsl CF; u runepkoHb-
foraiust — «paboTalT B OAHOM HaIlpaBJIeHUW», YCUIUBasI APYT

Japyra.

6.3. KucnotHo-ocHoBHble paBHOBecUs
B pacTBOpax

Bona — yHuKkanbHbIf pactBopuTeb. OHa 00JlagaeT BBICOKOI
TUIOTHOCTBIO, BBICOKMM JIUIMOJbHBIM MOMEHTOM, BBICOKOM O~
BJICKTPUIECKON IOCTOSTHHOM 1 CITOCOOHA BBICTYIIATh B KA4eCTBE
KakK OpeHCTeI0BCKOI KMCIIOThI, TAK M OPEHCTEIOBCKOI0 OCHOBA-
Hus. Kak BBl 3HaeTe, OHa SIBISICTCS CJA0BIM 3JIEKTPOJUTOM 3a
CYET IMCCOLMAINM (aBTOIPOTOJN3a), KOTOPYIO B OOIIEM BUIE
MOKHO TIpEICTaBUTh YpaBHeHMEM (6.5):

2H,0 == H;0* + OH~ (6.5)

IIpu 25°C KoHCcTaHTa AUCCOUMALMM BOAbI  paBHa
1,8- 1071 monb/n. KoHIEHTpaLusa BOABI B BOIE, YUUTHIBAS €€
MaJIylo CTETeHb AUCCOIMAINN, BETMINHA TIPAKTUIECKU TTOCTO-
sHHast u coctasisieT (1000 r/m)/(18 r/Monb) = 55,56 Momb/i.
Konemanma K, pasnas npousgedenuro KOHUeHmMpayuil UOHO8 2u-
OpPOKCOHUSL U 2UOPOKCUO-UOHOB, HA3bIBACMCS UOHHBIM Npoussede-
nuem 600bt. K, = 10714 monp?/n? (ipu 25 °C). [logenus 3Ty Benu-
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yuHy Ha 55,56, momyyaem pK,(H,0) = 15,7, a 1151 TMIPOKCOHME-
Boro moHa pK,(H;0)* = —1,7. Jlioboe KHCIOTHO-OCHOBHOE
paBHOBECHE B BOJIE CJIEAYET paCCMAaTPUBATh C yYaCTUEM MOJIEKYJT
Bonbl. M ecnu coenuHenne HA crmiocoOHO BHICTYNATh B KAUECTBE
KakK KHUCJIOTHI (ypaBHeHHMe 6.6), TaKk M OCHOBaHUS (ypaBHE-
Hue 6.7), TO KOHCTAHTBI 3TUX IBYX PAaBHOBECHII CBSI3aHBI IIPO-
CThIMU cooTHOLIeHUSIMU (6.8) 1 (6.9). IMEHHO 3TO 1 MO3BOJISIET
HCTIOJIb30BaTh BMeCTO K, KaK Mepy OCHOBHOCTU COCIUHEHUS
KOHCTaHTY KUCJIOTHOCTH COMPSIKEHHON eMy KUCIOTHI.

Kq
HA + H,0 == A~ + H;0* (6.6)
K;
HA + H,0 == AH: + HO™ (6.7)
K, x K,=K, (6.8)
pK,(AH) + pK,(AHZ) = 14 (6.9)

OueBUIHO, YTO B pa30aBJIEHHOM BOIHOM pacTBope Ooiiee
CUJIbHOE OCHOBaHME, YeM TUAPOKCUA-UOH, OyIeT MPOTOHUPO-
BaThCsl BOIOW, M, paBHBIM 00pa3oM, OoJiee CUJIbHAsI KHCIOTa,
YeM MOH T'MAPOKCOHMSI, OyACT IIPOTOHUPOBATH BOMY.

Kakwe xe HOBBIE (DaKTOPHI B BODTHOM pacTBOPE OYIYT OKa3bI-
BaTh BIIMSTHUE HA ITOJIOKEHUE PAaBHOBECUS TIPU KUCIIOTHOM IUC-
coumanuu AH? Tlepexon ot ra3oBoii ¢a3bl K pacCTBOPY MOXHO
MPOUJUTIOCTPUPOBATh IMArpaMMOil  M3MEHEHUId CBOOOMHOIM
SHEePruu CUCTEMbI, IOKA3aHHO Ha puc. 6.5.

AH, — 200 - + +
© (3] )
A Gsol(AH) AGSO/(Ai) A Gsol( H+)
AG(aq) _
AH(da) A(aq) + (+aq)

Puc. 6.5. ViameHeHUsT CBOOOIHOW SHEPTUU B Tpoliecce KUCIOTHOU Auccolra-
uun AH mnpu mepexozme OT ra3oBoit (asbl B pacTBop (0ObSICHEHUE
B TEKCTE)
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MoJeKynsl BOIBI COJBBATUPYIOT MMPOTOH, BBICTYMAsI IO OT-
HOIIIEHWIO K HeMY KakK JOHOPHI 2JIEKTPOHHBIX Tiap. [Ipucoenu-
HEHUE OJHON MOJEKYJbl BOABI TIPUBOIUT C BbIICJICHUEM
697 xJIxx/Monb K 00pa3oBaHMIO KaTMOHa rumpokconus: H;O*
(cM. Ta6a. 6.1). OH, B cBOIO oYepenb, 0OOpa3yeT MPOUYHbIE BOIO-
POIHBIC CBSI3M C HECKOJIBKMMM MOJIEKYJIaMU BOIBI (ITO COBpe-
MEHHBIM JaHHBIM, UX He MeHee IIeCTH ), 9TO IIPUBOIUT K OOIIeH
SHEPTUHU COTbBaTAllUM IIPOTOHA B Bozie, paBHOI 1103,5 KJIK/MOIb
(264 xxain/mouib). B pazdaBiieHHbIX BOIHBIX pACTBOPAX B IIEPBOM
MIPUOIVKEHUU MBI MOKEM CUMTATh SHEPTUIO COJbBATAIIM TPO-
TOHA ITOCTOSTHHOM 1 He 3aBUCAIIEH OT CTPYKTYPHI aHMOHA THC-
couuupytoieit kuciorsl HA. DHeprum cpoiactsa K MPOTOHY
B Ta3oBoii ¢haze UIsI aHMOHOB A~ JiexXaT B JAMaria3oHe OT
1385 xJIx/Momb nist nonua-aHuoHa 1= go 1743 xIIxx/Moib s
ruapua-annona H™. Takum oOpa3oM, Ijid reTepoJUTUIECKOTO
pas3pbiBa cBsi3u H—A npu auccouumaumuu Kuciaotel HA B BogHOM
pacTBope HEOOXOOMMO MOIIOJTHUTEIBHO K SHEPTUU THUAPATALINT
[IPOTOHA 3aTPaTUTh elle oT 282 kJIxK/Moib (67,5 KKaji/MoJb) 10
649 xJIxx/mounb (153 kkan/mMojb). EAMHCTBEHHBIM UCTOUHUKOM
ATOIl OYE€Hb 3HAYUTEJIbHOW 3SHEPIMU MOXET ObITh Pa3HOCThb
SHEPrUii TMApaTalluy HEUTpalibHOM MoJieKynbl HA 1 o6pasyio-
merocs annoHa A~. BoT nMeHHO 31mech HaM U OYIyT HYXHBI T
3HAHUS O TUTIAX MEKMOJIEKYJISIPHBIX B3aUMOJIECTBUI, KOTOPbIE
MBI TIOJYYWJIM Ha Tpeabyayieid Jiekiuu. OCHOBHOM BKJIam
B DHEPIUIO COJbBaTallMy YacTHUIIbl B pacTBope OymyT daBaTh
WOH-IUTIONbHBIC W JTUIIOJIb-IUTIONbHBIC B3aMMOICHCTBUS Ya-
CTHUIIBI C MOJICKYJIaMH PACTBOPUTEIIS, C OMHOI CTOPOHBI, 1 CTICII-
ndudeckKue B3auMOIeHCTBUASI — C APYTOid, Cpear KOTOPhIX Hau-
6oJjiee BaxKHOE 3HaUEHKME MMeeT 00pa3oBaHKe BOJOPOIHBIX CBSI-
3eii. MOH-IUIONbHBIE B3aUMOACHCTBUS, KaK Mbl YK€ 3HaeM,
CYIIIECTBEHHO CUJIbHEE, YEM TUTIONb-IUTIONbHBIE (CM. Tab. 5.1).
B cBA3M ¢ 3TUM MBI MOXEM IIPEAIIOIOXNUTh, YTO B ITOJISIPHBIX
PAcCTBOPUTEJISIX SHEPTMU COJIbBaTalluM aHMOHOB A~ OyIyT 3Ha-
YUTEJIbHO BBIIIE, YEM IHEPTUU COJIbBATALlUM HEHTpaJbHbBIX MO-
Jekya. IToaTroMy, MOMUMO CTPYKTYPHBIX (haKTOPOB, KOTOpPbBIE
oIpenelsiioT 3HaueHus Ep, B ra3oBoil ¢hase, OoueHb BaxKHBIM
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(bakropom, onpenensromum 3HaueHust pK, kucinor HA B Boze
W IPYTUX TOJISIPHBIX PACTBOPHUTENSX, HOJDKHBI CTaTh SHEPIUHU
coJibBaTaliMui aHMOHOB A™. 1o OTHOLIIEHUIO K aHUOHAM MOJIEKY-
JIBI BOZIBI MOTYT BBICTYTIATh KaK JOHOPHI ITPOTOHA ITPU 00pa3oBa-
HUWU BOJIOPOIHBIX CBSI3EH.

IIpu nuccoumnanmy HeWTpalIbHOM KMCI0TH HA B mipaBoii ya-
CTH ypaBHeHMUSI (6.5) MOSIBISIIOTCS ABa 3apsiKEHHBIX MOHA, B TO
BpeMsI KaK B JIEBOM 4acTW MX HET. DTU JBa MOHA TPYIIIUPYIOT
BOKDYT ce0sI MOJIEKYJIbI BOJbI, UTO IMIPUBOIUT K HEM30EKHOU Mo-
Tepe aHTponuu. B Tabiuiie 6.8 npeacraBiaeHbl TEPMOIMHAMUYC-
CKHe€ TMapaMeTpbl TUCCOLMAIIMU HECKOJbKUX KapOOHOBBIX KHUC-
JoT B Boze npu 25 °C. O6paTtuTe BHUMaHME HA TO, UTO 3HAYEHUS
AH B 3TOM psiy MOUTU OJMHAKOBBI U 01M3KU K 0, XOTsI BETUUU-
HbI pK, U3MEHSTIOTCS Ha TIATh MopsaKoB! CuTyarms KapauHaib-
HO OTJIMYAETCS OT BEJIMUMH Ep,, KOTOPBIE ONPENEISIOTCS U3Me-
HeHusimu AH. B kauecTBe mpuMepoB B Tabiulie 6.9 g mpuBes

Ta6auna 6.8. TepmogrHaMUYeckre TapaMeTpbl AMCCOIMALMM  psiaa
KapOOHOBBIX KUCJIOT B Bojie rpu 25 °C

Kucnora K, AR’ AS® AGY
(<l /moaw) | (klic/Kmoamw) | (kLic/moutb)

(CH3);CCOOH 5,03 -2,9 —105,8 28,8
CH3;COOH 4,76 —-0,83 -91,5 26,3
C¢HsCOOH 4,20 0,42 —78,2 23,8
HCOOH 3,75 —-0,42 =72,7 21,3
NCCH,COOH 2,47 =38 -59,8 13,8
Cl,CHCOOH 1,26 —-0,42 -25,1 7,1
CF;COOH 0,23 0 —4,2 1,26

Taommma 6.9. TepmonuHaMuyecKre MapaMeTpbl AUCCOLMALIMU  TpPex
KapOOHOBBIX KMCJIOT B ra3oBoii aze mpu 25 °C

AH? ASY AGY
Kucaora
(kI3x/M01b) (x1x/K.M0.1b) (xJIx/Mo0J1B)
CH;COOH 1454,6 96,1 1425,4
Cl,CHCOOH 1371,0 87,8 1346,0
C¢H;COOH 1414,0 96,1 1387,8
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TepMOAMHAMUYECKHE ITapaMeTPhl JUCCOLMALIMMI B ra30Boi (ase
JUTSL TPEX KUCJIOT, KOTOPbIE IIPeaCTaBlIeHbl U B Tabsule 6.8 (cM.
Takxke 1abi1. 6.1 1 6.2).

B tabauie 6.10 ipeacTaBieHbl 3HAYEHWS SHEPTUIT CoJibBaTa-
M HECKOJBKUX TUIIOB KHCJIOT M CONPSIKEHHBIX UM OCHOBa-

Tadmauna 6.10. Dueprum (kJI>k/MOJb) colbBaTallMd KUCIOT U OCHOBA-
HMII B BOlle M TUMETWICYIb(MOKCUIE B MACaTbHBIX pa3-
OGaBJIeHHBIX pacTBopax INnpu 25°C M KOHLEHTpaLMSIX
1 Monb/7 1 3HaYeHus1 pK, B 9TU IBYX PACTBOPUTEJISIX

AG,,;,(H,0 K, | AG, MCO K,
Cocmmene on) | (Gt | B | St oy | Gico)
HO™ 105,0 82,6
H,0 6,32 15,74 6,3 31,4
CH;0~ 95,2 72,1
CH;0H 5,10 15,50 5,08 29,0
CyH50™ 91,1 67,6
C,Hs0H 5,05 15,9 5,19 29,8
(CH3),CHO~ — — 63,7
(CH5),CHOH — 5,12 30,3
(CH3);CO™ — 59,4
(CH3);COH — 4,27 32,2
CgH50™ 71,3 56,7
CgHsOH 6,62 9,99 7,56 18,0
2,4,6-(0,N);C4H,OH 0 0
CH;C00~ 77,3 62,7
CH;COOH 6,7 4,76 6,99 12,3
CgH5CO0~ 71,2 —
CgHsCOOH 7,87 4,20 — —
NH} 85,2 9,25 89,2 10,5
CH;NHF 76,5 10,62 — -
(CH3),NH3 68,6 10,21 — —
(CH3);NH™ 61,2 9,76 — —
(CyHs)sNH* 54,7 10,75 56,3 9,07
CH,(CN), 11,0 11,0
LlukaoneHragueH 15,5 18,0
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HU — aHMOHOB A~ B IBYX PACTBOPUTEIISIX — BOJIE M TUMETHII-
cynbdokcume. O6a 3TU pacTBOPUTENST OTHOCSTCS K YUCITY TIO-
JIIPHBIX, 3HAYSHUSI TUDJIEKTPUISCKUX TTOCTOSTHHBIX COCTaBIISIOT
e = 78,5 nnst Boawl u € = 48,9 nna IMCO. Boga — npoToHOI0-
HOPHBIIN PacTBOPUTENIb, OHA CITOCOOHA 00Pa30BBIBATH BOIOPO/I-
HBIC CBSI3W C OCHOBAHMSIMU, BBICTYIIasl 10 OTHOIICHUIO K HUM
Kak MoHOp mpoToHa. [ToaToMy OHa XOpOIIIO CObBATUPYET aHU -
oHbl. IMCO — anpOoTOHHBI OUMONSIPHBIN PACTBOPUTENb, HE
0o0pasylolnii ¢ aHMOHaAMM BOAOPOAHBIX CBs3eli. OH coJbBAaTU-
pyeT aHMOHBI B MEHBIIIEH crerneHu. JleiicTBUTeIbHO, MpeacTaB-
JICHHBIC B TaOJWIle 3HAUCHMS ITOKA3bIBAIOT, 4YTO SHEPIUU
conbBaraimu annoHoB B JIMCO B cpennem Ha 20 kJIX/Moib
HIKE, YeM DHepruu ruaparaiuuu. M 3To BeieT K ApaMaTuyeckKo-
My MOHIXEHHUI0 KUcIoTHOCcTH (pocty pK,) B AMCO Ha 13—
15 MopsAIKOB MO CpaBHEHUIO ¢ KUCJIOTHOCTHIO B BOMHOM PacTBO-
pe mist HeTpanabHbIX KucioT HA. [TpumeuaTeabHO, 4TO 3TO pa3-
nuuue B pK, yMEHBIIIAeTCSl B TOM CJIydae, eCJii aHUOH KUCIIOTHI
COAEPXKUT OOBEMHBIN OpraHMYeCKUii paguKai ¢ 60Jee BbICOKOI
noJsspusyemoctsio. s dpenona C4Hs;OH pasHoctb pK, coctaB-
JISIeT JIMIIb BOCEMb TOPSIAKOB, a KHUCJIOTHOCTU MUKPUHOBOM
kuciots 2,4,6-(0,N);CsH,OH B Boge u IMCO okasbIBaroTcst
omnmHakoBEIMHU. JIMCO CWIBHO CONBBATHUPYET TaKXKe aHMOHBI
CH-kucnor. KuciorHoctu uukiaoneHtaaueHa B soge u JIMCO
pa3IMyYaroTCs Bcero Ha 2,5 eauHUuLb pK,, a KUCTOTHOCTU AU~
aHOMEeTaHa B 3TUX PACTBOPUTEISIX OMMHAKOBBI.

HMHyto KapTUHY MBI BUAUM, €CJIU MEPEeXOaUM K MOHAM aM-
MOHHUS U MX COIPSDKEHHBIM OCHOBAHMSIM — CBOOOIHBIM aMMU-
HaMm. O0a pacTBOpUTENISI CIIOCOOHBI BBICTYNATh B KA4eCTBE J0-
HOPOB 3JICKTPOHHOI MTaphl MpU 00pa30BaHUM BOJOPOIHON CBSI-
31 (CM. 3JIeKTpOHHOE cTpoeHue MoJieKynbl JIMCO B nexkiuu 4).
XOoTd 110 coyibBaTallMd aMMOHUMEBBIX KaTuOHOB B JIMCO uwnc-
JI0O OJAHHBIX OTPaHWYCHO, MMelommecs 3HaueHUS AG,,,(H,0)
u AG,,,(JIMCO) 6113Ku, a Mo3ToMy OJIM3KUMU OKa3bIBAIOTCS
u 3HayeHus pK, aMMOHUMEBBIX MOHOB B 3TUX JIBYX pPaCTBOPUTE-
nsx. [pu nuccoumanuuy 3apssKeHHOTO MOHA aMMOHMST YHCTIO 3a-
PSKEHHBIX YacTUIl B pacTBOpe He MeHsieTcsl. B cooTBeTcTBUM
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C 9TUM He BEJINKU U U3MEHEHUST QHTPOMUU. 3MeCh JTOMUHUPYET
SHTAJNBITUITHBIN BKJan. B kadectBe mpuMepoB B Tabiuie 6.11
MNpUBEICHbl TEPMOAMHAMUYECKUE TapaMeTpbl AUCCOLMALNU
Tpex aMMOHHEBBIX MIOHOB B BOIHOM pacTBope rpu 25 °C.

Taomuma 6.11. TepMonrHaMUUecKre TTapaMeTPhl TUCCOIIMALIMM aMMO-
HUEBBIX MOHOB B BOJIHOM pacTtBope mipu 25 °C

Hon ammonust K. AH As AG?
Pha (xIx/moab) | (kdx/Kmoab) | (k/kK/M0Jb)

DTUIAMMOHUI 10,68 57,3 —-12,9 61,0
C,yHs NH;*
AMMOHMI 9,25 52,3 —2.1 52,7
NH,*
AHUTMHMI 4,60 30,9 3,7 26,3
CgHs NH;*

OOpatuM BHUMMAaHWE Ha CICAYIOUIMIA WHTEPECHbI dakT.
B razoBoii (haze 0CHOBHOCTb aMMHOB OBICTPO pacTeT MPHU MOCIIe-
JIOBATEJIbHOM 3aMellleHUU aTOMOB BOAOPOJAa B aMMMaKe Ha Me-
TWIBbHBIC pafuKaibl (cM. Tabid. 6.1), 4TO SIBJISIETCS CIIEACTBUEM
WHAYKTUBHOTO 3(pdekra MeTubHbIX Tpymi. [lepexon oT ammua-
Ka K TpUMeTWIaMuHy yBeiaumumBaeT Epy Ha 90 xJIxk/mois! Ho
B BOIHOM pacTBOpE BBEJIEHUE IMEPBOTO METUJIBHOTO paauKaia
TIPUBOMUT K YMeHbUleHU) 0CHO6HOCmU ©ojiee YeM Ha TIOpsIoK,
a 3aTeM BBEIEHNE BTOPOTO U TPETHETO METUIIA HECKOIBKO YBEIH -
YMBAEeT OCHOBHOCTb, HO Naxe ISl TPUMETWJIAMUHA OHA HUXKE,
yeM T aMMuaka. [IpuurHy 3Toro siBICHUST Mbl Cpa3y Ha30BEM,
B3[JISTHYB Ha JaHHbIe Ta0uibl 6.10. KoMIaKTHBIN MOH aMMOHUS
NHJ Mano HapyIIaeT CTpyKTypy PacTBOPUTENIST U 00pa3yeT ¢ MO-
JIEKyJIaM1 BOJIbI YETHIPE BOIOPOAHBIE CBSI3U, YTO PE3KO TTOBKIIIIA-
€T ero CTabWJIbHOCTb. 3aMEHa KaXI0ro UX aToMOB BOIOPOJa Ha
METWJIBHYIO TPYIITY TMPUBOIUT K TMOYTU JIMHEHHOMY yMEHBbIIIE-
HUIO 3Hepruu ruaparanuu Ha 8,7—7,4 kJIx/Monab. MIMeHHO
B OTOM [MAIla3oHe JieXaT SHEPTUU 00pa30BaHUST BOIOPOIHBIX
cBa3eit NH...O (cm. Ta6m. 4.11). Utak, rmaBHas nmpuyuHa siBjie-
HUS — YMEHbIIIEHHE YMC/Ia BOIOPOAHBIX CBSI3el, KOTOpbIe 00pa-
3yeT COOTBETCTBYIOLIMIT HOH aMMOHMUSI B BOITHOM PAacTBODE.
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B nmureparype HaKOIIEHO OOJBIIOE YMCIIO TAHHBIX O KUC-
JIOTHO-OCHOBHBIX PABHOBECHUSIX OPraHMYECKUX COEIMHEHUN
Pa3HBIX KJIACCOB B HECKOJIbLKUX pacTBoputeisax. Illkana Kucaor-
HOCTH B BOIHBIX pacTBOpax, KaK y:kKe OTMEUaioCh, IIEpeKPHIBAacT
nuranasoH ot —1,7 no 15,7 enununsl pK,. Lllkana kucaoTHOCTH
B AMCO mupe, oHa nepekpbiBaeT guamna3oH ot 0 1o 34 enuHuII
pK,. B aTOM pacTtBopuTese MoaydeHbl 3HaueHus pK, bojee yem
15t 400 coenuHeHuii. B MeHee MOJSIPHBIX PACTBOPUTENISIX alle-
touutpmwie CH;CN u terparmmpodypaHe MOHU3ALMS KHUCIOT
AH npoTekaeT ¢ o0pazoBaHUEM MOHHBIX Map 1 00Jiee CIOKHBIX
accouuatoB. IToctpoeHs mkana kuciaorHoct B CH;CN, nepe-
kpoiBatomiast 39 enuuun pK, (manawie nyst okosno 100 coenuue-
HUit), U 1mKaja kuciaotHoctu B TT'®D, nmepekpoiBarolias auarna-
30H B 20 equHu1l pK,. Ho Kak corocrapisTh TaHHbIE, MOJyYeH-
Hble B pasHBIX pacTBopuTensax? I[IOmMBITKM co3maTh IIKATy
a0COIFOTHOM TEePMOIMHAMUYCCKON KUCIOTHOCTH, IIPUBSI3aH-
HOI K eMIMHOMY CTaHAApTy, MPEeAPUHUMAINCh Pa3HBIMU aBTO-
paMM B TeueHUe OoJiee MmoJilyBeKa. DTa 3agava Obljaa pelieHa co-
BceM HenmaBHO npodeccopom MHTO Kpoccuarom uz @paiidypr-
ckoro yHuBepcutera. OH TIPpEMIOXUI MCIIOIB30BaTh Kak
CTaHIAPT IMOTEHIIMAJ IIPOTOHA B IIPOTOHHOM rase Ipu HOpMaJib-
HBIX ycioBusx (maeieHue 1 6ap, 298,15 K), KoTopbiii MOXHO
JIETKO U C OOJIBIIIOI TOYHOCTBIO PACCUMTATH TEOPETUICCKH, TP -
HSITh ero paBHBIM (), 1 OTCUMTHIBATH OT HETO 3HAUYCHUS CPOACTBA
K IPOTOHY BCEX COEAMHEHUI B pa3HbIX cpenax. JItoOble B3auMo-
JEUCTBUS C IPYTUMU XUMUYECKUMU YacTUIlaMU (aToMaMu, MO-
JIEKyJIaMH) BelyT K TIOHWXKEHWIO 3TOro moTeHmurana. [1poToH-
HOE CPOIICTBO HECKOIBKIX OOIICYIIOTPEONTEILHBIX PACTBOPUTE-
JIel, KOTOpoe MPeICTaBIIsIeT CO00I SHEPTUIO TTIepeHOca IMPOTOHA
M3 Ta30BOM (ha3bl B JAHHBIN pacTBOPUTEb, OTHOCUTEIBHO 3TOTO
CTaHIapTa OBbLJIO PACCUUTAHO C BBHICOKON TOYHOCTHIO (TOYHOCTH
OBbLIa TOOTBEPKICHA CPABHEHNEM C MOCTYITHBIMU 3KCITEPUMEH-
TaJbHBIMU TaHHBIMH) C TIOMOIIBIO METOIOB KBAaHTOBOM XUMMU
BBICOKOT'O YPOBHSI, YTO MO3BOJIMJIO COBMECTUTh BCE CYIIECTBYIO-
LK€ IIKAJIbl B €IUHYIO IIKaly (puc. 6.6).



6.3. Kucaomno-ocnoénvie pasroeecus 6 pacmeopax 33

Uabs(H) =800 =900 —1000 —1100 —1200 —1300 —1400 —1500
B K/Ix/Monb 4 — | | | | |
CYNEPKUCIIbIE | KHUCJIbIE CPEAbI
cpelbl |

H,S0, [k H,0
| 3.1
HF 28} DMSO
HsosF [, 39 Ml McCN
I

CH,Cl, 86*

T
PHabs 140 160 180 200 220 240 260

Puc. 6.6. AGcotoTHas 11Kana KUCJIOTHOCTA M ee cozaaresb npodeccop MHro
KpoccuHr (moptpet cripaBa)

Bonee nogpo6Hoe paccMoTpeHne pesynbTaToB, NOMyYeHHbIX B 3TOM 06nacTy, Bbl-
XOAWT 32 PaMKu Halleli NporpamMMel. TeM, KTO 3auHTepecyeTcs 3Toi npobneMoi, A pe-
KOMeHZyto cHavana obpatutbea k pabote D. Himmel, S.K. Goll, I. Leito, I. Krossing
«A unified pH Scale for all phases» (Angew. Chem. Int. Ed, 2010, 49, 6885—6888).
IMpy 3ToM coBeTyto HadaTb paboTy CO CTaTbel C HYTeHWs aitna «AOMOSHUTENbHAA UH-
dopmaumay k Helt (Supporting Information), KoTopblit coaepxuUT noapo6Hoe BBeae-
HMe ¢ GOMbLUMM KONIMYECTBOM CCbINOK. Benep 3a sToit pabotoi nocneposasno elle
HECKOJbKO, Cpeiyt KOTOPbIX 0COBO CTOUT OTMETUTL UCKMIOUUTESIbHO MHTEPECHYIO CTa-
ThblO C aMOMLMO3HBIM Ha3BaHMeM «KapTa MPOTO3NEKTPOHHOrO MoTeHuMana: abcontot-
HaA |ByMepHas LKaia XMMUYeCKOro NoTeHUMaNa 1A rMo6anbHOro NOHMMaHNA XUMANY
(Radtke V., Himmel D., Piitz K., Goll S.K., Krossing I. The Protoelectric Potential
Map (PPM): An Absolute Two-Dimensional Chemical Potential Scale for a Global
Understanding of Chemistry // Chem. Eur. |, 2014, 20, 4194—4211). B He# asTopbI
BBOAAT CTaHJAPT ANA abCONMIOTHOTO BOCCTAHOBUTENBHOTO MOTEHLMana — MnoTeHumMan
UAaNIbHOTO 3/1EKTPOHHOrO rasa MW HOPMasibHbIX YCIOBUSAX, KOTOPbIN MPUHUMAETCA 32
Hynb oTcyeTa. [Ina Toro YTo6bl NPUBA3ATL MOMyUEHHbIE B PasHbIX CPeaX OKUC/UTESb-
HO-BOCCTaHOBUTEIbHbIE MOTEHLUMANbI K STOMY CTaHAAPTY, PACCUUTLIBAIOTCA CTaHAAPT-
Hble 3Heprim MM66ca (AG) nepeHoca 35eKTpoHa B COOTBETCTBYIOLLYIO cpeay. Mcnosnk-
30BaHM1e /IBYX CTaHAApTOB /1A aGCOMOTHOM KUCIIOTHOCTU U AA BOCCTaHOBUTESLHOMO
noteHuyuana (puc. 6.7) OTKpbIBAaeT BO3MOXKHOCTb CBA3aTh BOEAUHO TEPMOAUHAMUKY
OKUC/IUTENIbHO-BOCCTAHOBUTESbHLIX CUCTEM W MPOLIECCOB MPOTOHHOTO MepeHoca
(6peHCTeJ0BCKYIO KUCIIOTHOCTB) W MPOTHO3MPOBATh HAMPaB/IEHNUA NPOTEKAHNA XUMUYe-
CKMX MpOLIECCoB B NtOBLIX cpesax.

Ceityac elle paHO CyUTb O TOM, HACKONLKO NPOAYKTUBHLIM ByAeT 3ToT rnobans-
HbIii MOAXO/, B PelleHn NpakTUYecknX 3afjay, Ho, 6e3ycnoBHO, HeOBXOAMMO BHUMa-
TeNbHO CieAuTh 3a paboTaMu 3TOM 3aMeyaTeNlbHOM rpynbl.
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3JIEKTPOHHBINA MPOTOHHBIN
ras ras
6 CIaHOapmHbIX 8 CIMaHOapmHbIX
yeaogusax yeaogusax
___________ aToM
_____ BOOpOIA
onopnas mouka onopnas mouka
omcuema omcuema
abconomHo2o abconomHoil
OKUCAUMENbHO- Kucaromuocmu
80CCMAHOBUMENBHO20 no bpencmedy

nomeHuyuana

Puc. 6.7. [Ie onopHbIe TOYKM [JIs1 paCY€TOB aOCOTIOTHOIO OKUCIUTEIbHO-BOC-
CTaHOBUTEJIBHOTO MOTEHILIMAIA U aOCOTIOTHON KMCIOTHOCTH

B npakTuuyeckux Leasix ynooHO MCHoJb30BaTh 000OIIEHHYIO
TabnuIly 3Ha4yeHU pK, OpraHMYeCcKUX KUCIOT U OCHOBAHUIA,
SKCTPAITOJIMPOBAHHEBIX K BOTHOMY pacTtBopy (Tabdn. 6.12). Ho
MpY 3TOM HEOOXOIMMO, pa3yMeeTcsl, UMETh B BUIY, YTO 3HaYe-
HUsI, JaJeKo BhIXOmsIIue 3a npenen 14 emuaun pK, (mramna3oH,
B KOTOPOM MOXHO TOYHO M3MEpUTh pK, B BOZIE), UMEIOT OoJiee
HU3KYI0 TOUHOCTb.

A monarato, 4TO BbI JIETKO HaliIeTe OTBET Ha BOMPOC, ITOYEeMY
B BOJHOM PacTBOpPE KUCIOTHOCTh aTu(aTUIECKUX CIIUPTOB U3-
MEHSIETCS B COOTBETCTBUM C MHIYKTUBHBIM 3(D(HEKTOM 3aMeCTH-
TeJleit, B TO BpeMd KaK B ra30Boi (pa3e, KaK MBI BEISICHUJIA paHb-
11e, ToOMUHUpYyeT 3(h(hEeKT OTpULIATEIbHON TMIIEPKOHBIOTALIUH.
B camom pene, HemoaeaeHHbIe 3JeKTPOHHBIE Tapbl KMUCI0POIa
aJIKOKCUI-aHUOHOB B BOJHOM PacTBOpE BOBJIEUEHBI B 00pa30oBa-
HUE BOJOPOIHBIX CBSI3ell U MX CITOCOOHOCTH y4acTBOBAThb B TU-
TMIEPKOHBIOTALINY PE3KO IMMOHVKEHA.

Bonbluoe KONM4ECTBO AaHHbIX MO 3Ha4eHUAM K, OpraHMyeckmnx KUCIOT U OCHO-
BaHUi1 B Pa3HbIX PaCTBOPUTENAX B YZ,06HOM TabnnyHoi popMe MOXHO HaiiTn B MHTep-
HeTe Ha CrieflyloLnX canTax:

http://www.chem.wisc.edu/areas/reich/pkatable/index.htm;

http://evans.harvard.edu/pdf/evans_pKa_table.pdf;
http://research.chem.psu.edu/brpgroup/pKa_compilation.pdf.
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Tabmnua 6.12. 3HaueHust pK, HEKOTOPBIX OPraHUYECKUX KUCIIOT B BOJIE.
B ckobkax nmpuseneHs! 3HayeHus pK, 8 IMCO

KapOonoBbie KuCJI0TbI CompTsl 4 (heHOoIbI

o MeOH 155 (27,9
)k i-PrOH 16,5 (29,3)
X OH t+-BuOH 17,0 (29,4)
X = CH; 476 (12,3) | CF3CH0H 12,5 (23,5

CH;,NO, 1,68 (CF3),CHOH 9,3 (18,2

CH,F 2,66 C¢HsOH 9,95 (18,0)

CH2C] 2,86 m—OzNC6H4OH 8,4

CH,Br 2,86 p-O,NCgH40H 7,1 (10,8)

CHl 3,12 p-OMeCgH4OH 10,2 (19,1)

CHCl, 1,29 2-Hadron 17,1)

CCly 0,65

CF; —0,25

H 3,77

HO 3,6, 10,3

CgHs 42 (11,1

0-O2NC6H4 2,17

m-0,NCgHy 2,45

p-O,NCgHy 3,44

0-C1C6H4 2,94

m-CICgHy 3,83

p-CICgHy 3,99

0-(CH3)3;NTC¢H, 1,37
p-(CH3)3NTCgH, 3,43
p-OMeCgHy 4,47

IIpoTonnpoBannbie hopmMbl

*OH
OYH ~2,05
78

Ph OH
H
“OH |
ot -22
—6,2 Me” OH
Ph CH; -
| g 1,8
or 6,5 Me” Me o
Ph” Me _
I|{ oy 0,79 (+1,63)
ot 3,8 \ /
N b
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Ta6muupi 6.12 (mpomoykeHue)

AMMHBI M AMHJTBI IIpoTroHupoBaHHbIE AMUHBI
NH; 38(41) |NTHy 9,2 (10,5
i-Pr,NH (36 THF)) | EtNTH; 10,6
TMS,NH 26(THF) (30) | i-Pr,NTH, 11,05
PhNH, (30,6) | EtzNTH 10,75 (9,0)
Ph,NH (25,0) | PhN"H; 46  (3,6)
NCNH, (16,9) | PANT(Me),H 520 (2,5)
Ph,N"H, 0,78
CNH (44) | HpNH"H3 8,12
HON*H; 5,96
T _.H
H,N \ /N (26,5) N 110 (9.8)
Me / \
Me 0 N*H, 8,36
__/
NH (37)
H;NT
Me 3 \/\*NH3 6,90, 9,95
Me *NH; *NH;
—-9,0,12,0
(—,7,50)
‘YraeBonopossl
(Me);CH 53 XCgH,CHj;
(Me),CH, 51 X =p-CH (30,8)
CH,=CH, 50 p-NO, (20,4)
CH, 48 (50) p-COPh (26,9)
A 46 Me Me
CH,=CHCH; 43 (44) (26,1)
PhH 43 M M
PhCH; 41 43) ¢ ¢
Ph,CH, 33,5 (32,2)
Ph;CH 31,5 (30,6) Q 20 (20,1)
HCCH 24
PhCCH 23 (28,8)
@ 15 (18,0)




6.3. Kucrommuo-ocHoshble pagHosecus 6 pacmeopax 3@)

Ta6mumpi 6.12 (okoHYaHME)

KeTonbl 1 clioxkHbIE 3UPbI

0 0
Me t-BuO
X=H (26,5) o
Ph (19,8)
20,0
SPh (18,7) J\/WM% (20.0)
COCHj 9 (13,3) |1BuO
SO,Ph (12,5) o o
0 M 11 (14.2)
e 19-20 (27.1) |£-Buo Me
Et Et 0 0
0 J\/U\ 13 (15,7)
)k (28.3) | MeO OMe
i-Pr i-Pr 10)
0

)J\ 27.7) | -Buo > (20.9)
t-Bu Me S
)
)J\ (26,3) 0
Ph” i-Pr )J\/Ph 30,2 (THF)]
0

LiO

J\ 2.5 (30,3)
t+-BuO Me
IIpocTsie 3chupbr Hurpuibt
CH;OPh (49)  [NC X
MeOCH,SO,Ph (0.7 |y_py (31.35)
PhOCH,SO,Ph (27,9) ’
CH 32,5
PHOCH,CN (28,1) Ph 3 221’9;
O COPh (10,2)
Meo\)J\ (22,85) CONR, (17,1)
Ph CO,Et (13,1)
CN 1 (1L1)
Couu ammonns u hoconus
Me;NTCH,X PH;P*CH; (22,4)
X=CN (20,6) | PH;P*i-Pr (21,2)
SO,Ph (19,4) | PH;P*CH,COPh (6,2)

COPh (14,6) | PH;PTCH,CN (7,0)




Jlexyus 6. Opeanuueckue Kuca0mvi U 0CHOBAHUS

&

6.4. CH-Kucnotsbl

B uenom anekTpoHHbIe 3(h(hEKThl 3aMeCTUTENE, MOJSIPHBIT
3¢ dekT 1 3hdeKT conpsikeHUsT B 3HaUCHUIX p K, TPOSIBIISIIOTCS
BeChMa OTUETJIMBO. B 3TOM BBI MOXeTe YOeIUThCSI CaMM, TIpoa-
HaJIM3UPOBAB UBMEHEHUS ATUX BEJIMUMH 151 JIIOOOTO U3 KJI1acCOB
COeMHEHMI, MPUBEAEHHBIX B Tadauie 6.12. IToxanyit, Han6o-
Jlee ToKazaTesbHbl 3HaueHus pK, Heckonbkux C— H-kucnor
(Tabn. 6.13), B KOTOpBIX MOCJIEAOBATEIbHO HaKaIlJIMBAIOTCS
3JIEKTPOHOAKUENTOPHbIE 3aMeCTUTENN, obanatoiue (—M)-ad-
(exToM. PaccMOTpuUM psii TaKMX COeNMHEHUI. ATOMBI BOJOPO-
IIa METWJIBHBIX TPYII B alleTOHE M HUTPOMETaHe TP ACHCTBUN
CUJIbHBIX OCHOBAaHUI OTHOCUTEIBHO JIETKO YXOISIT B BUIE MPO-
TOHA, OCTaBJIsII Mmapy 371eKTpoHoB C— H-cBs13M Ha aToMme yriie-
pora. Mul yxe Buaean Ha kapre MOII auerona (cM. puc. 6.3),
YTO OHU HAXOMSTCS B 00JIACTU 3HAUMTEIHHOTO Ie(hUIIMTA TEKT-
POHHOH TIIOTHOCTU. DTO ONHO M3 CaMBIX SIPKUX IIPOSBICHUI
BJIUSHUS (DYHKIMOHATBHBIX TPYIII Ha YIJIEBOJOPOIHBIN CKeJeT.
M30bITOUHAS 2]IEKTPOHHAS IUTOTHOCTH B 00Pa30BaBIIINXCS B pe-
3yJIbTaTe ACTIPOTOHUPOBAHUS €HOJISIT-aHUOHE M HUTPOHAT-aHU-
OHC IEeJOKaIM3yeTCsl U TepeMelaeTcss Ha aTOMBI KUCIopoa.
Haxkormnenue 31eKTpoHOaKIIeNTOPHBIX TPYIII, CITOCOOHBIX K JIe-
JIOKaJIU3alUU 3JIEKTPOHHOMN TIJIOTHOCTH, PE3KO IMOBBIIIAET KHC-
JIOTHOCTh O-aTOMOB BOJIOPOAA B KETOHAX U CJIOXHBIX 2upax
(cM. Tab:. 6.12). I1pouecchl 1eMPOTOHUPOBAHMS 1O QL-TTOJTOXKE-
HUIO WTPAIOT MCKIIIOYUTEILHO BaXXHYIO POJIb B XUMUM KapOo-
HWIBHBIX COSTMHEHWI Y HUTPOAJTKAHOB.

3adaHue: Mpu nocnegosarenbHOM 3aMeLLEHUM AaTOMOB BO-
nopopa B MmetaHe (pK, = 48 B8 H,0) Hutpo-rpynnamm, auetuns-
HbIMU TpynnamMu u ¢eHUNbHbIMKM pajuKanaMu 3Hadenusa pK,
yMeHbLiatoTcA (KucnotHocTb BospacraeT). Ho acpekrbl 3ame-
LLEeHUA He apAUTUBHBI. OHM NOCTENEeHHO yMeHbLUaloTcA. A npu
samewgeHun rpynnamm CN HabGniogaertca pgpyras TeHAEHUMA:
BBeZieHue nepeoi rpynnbl CN NnpuMBoAUT K poCTy KUCNOTHOCTH
Ha 23 nopsagka, BBeieHUe BTOPO — K MeHee BbIPpa)K€HHOMY
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Taommma 6.13. BrusgHue mocaenoBaTeIbHOTO BBEICHUS 3JICKTPOHOAK-
LeNTOPHBIX 3amecTuTeneit Ha pK, C— H-kucnor

Pk, PK,
Coenunenue Coenunenne
B H,0 | 8/IMCO B H,O0 | 8IMCO
CH3NO, 11 17,2 CH;COCHj; (20) 26,5
CH,(NO;), 4 6,6 CH,(COCHj3), 9 13,3
CH(NO,)3 0 <—1 CH(COCH;3)3 6 8,9
B IM®DA
CH;CN (25) 31,3 H H 15 18
CH,»(CN), 12 11,1 H H
H H
CH(CN)3; (-3) (=7 H CN —11(!) —
B IM®DA
HC CN
HC CN

acddekty (13 nopagkos), HO Npu BBeAEHUM TPETbEW rpynnbi
CN 3¢ ekT cHoBa 3aMeTHO Bo3pacTtaet (17 nopagkos). O6b-
AICHUTE 3TN pasnunyms.

OcobeHHO IpKo 3P PEKT CTAOMIM3ALIMHY 32 CUET JIeJIOKAI3a-
WU 3apsga BBIpaXKeH IIpU Iepexoie OT IIMKJIOIEeHTamueHa
K 1,2,3,4,5-nmeHTaninaHolyKIIoONeHTagneHy. Kak BbI yke 3HaeTe,
OTHOCHUTEJIbHO BBICOKAsI KUCIOTHOCTh IIMKJIOTIEHTaaeHa o0y-
CJIOBJICHA TeM, 4YTO IIUKJIOINECHTAIWeHUI-aHUOH apOMAaTHYCH.
Ero mrectp m-371eKTPOHOB pa3MeIIAOTCS Ha TPEX CBSI3BIBAIOIINX
MO Huskoit sHepruu. Beenenne naru CN-Tpymnin, o61agalonmx
cuibHBIM  (—M)-3(dekTom, yBeaIMUMBAET KHMCIOTHOCTh Ha
26 nopsiakos (!!!), mpeBpalliast 3TO BELIECTBO B KUCJIOTY, PABHYIO
IO CUJIE XJIOPHOM KUCJIOTE.

Bor emie onuH 1 He MeHee ApKuil ipuMep. B taGimie 6.12
npuBeAeHBI 3HaYeHus pK, Tonyona (41), nudbenunmerana (33,5)
u tpudenunmerana (31,5). INpodeccop Xucamm Amamoro u3
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yHuBepcuteTa . Haroiis B ArmoHmn mokasai, 4To eciau B MOJIe-
KyJie TOJIyoJIa TIITh aTOMOB BOJOpOJa OEH30JIbHOTO KOJIblia 3a-
MEHUTHh aToMaMu (Topa, a IBa U3 TPeX aTOMOB BOIOPOIA Me-
TWJIBHON  TPYNIBI  3aMECTUTh TPUMIATHBIMU  TpyHIIaMu
—SO0,CF;, to o6pa3ytomieecst coenuHenue (1) (puc. 6.8) mnpe-
BpAlllaeTCsl B OY€Hb CWIbHYIO Kuciaotry (pK, = 1,5 B ykcycHOI
kuciote). Kak 6pecremoBckast KUCJIOTa, OHO CIIOCOOHO KaTalu-
3MPOBATh CaMble Pa3IMIHbIC OPTAHUYECKHE PEAKIINU.

F F F F
Tf Tf
F H H
Tf Tf
F F F F
Q@ o

Puc. 6.8. bpencrenosckast CH-cynepkuciora

OcobeHHO 3((EKTUBHBIM KaTaJM3aTOPOM OKa3aJyiCsl TOJIN-
Mep, Ha KOTOpblil coenrHeHue (1) ObUI0 MPUBUTO Yepe3 Creln-
aJIbHBIA JTUHKEP. MoaubuIMpoBaHHYIO TaKUM 00pa3oM CMOJTY
TMOMEIIAIOT B KOJIOHKY M OCYIIECTBIISIIOT XUMUYCCKIE PeaKIINu
MpU KOMHATHOU TeMmmepaType, IIPOCTO MPOITycKasl pacTBOpP pea-
TEHTOB Yepe3 Hee.

6.5. Cynepkucnotsl

MuHepaabHbIe KUCIOTHI (COJISTHasI, CepHasl, XJIOpHasl, a30THas
W Ap.) HalleJo NUCCOLUMUPYIOT B BOAHBIX pacTBopax. IToaTomy
10 3HaueHUsIM pK, HEBO3MOXXHO CpaBHUBATh UX 10 CUJIE MEXITY
co6oi1. Takoe cpaBHEHHE MOXHO OCYIIIECTBUTD, MCITOIB3YS 3HA-
yeHUus1 GYHKUMU KUCIOTHOCTU H)), TipeioxkeHHON ['amMmMeToM.
Hx onpenensitoT, udydasi CHoCOOHOCTb CUJIbHBIX KUCJIOT MPOTO-
HUPOBATh OYEHb ClIabble OCHOBaHUsA. B KauecTBe TakuX OCHO-
BaHMI MCIIOJIb3YEeTCS HAOOp 3aMelIeHHBIX HUTPOOEH30J10B, KO-
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TOpbIE MPOTOHMPYIOTCS IO aTOMaM KUCJIOPOAAa HUTPOTPYIIIIbI
(ypaBHeHue 6.10). Bappupys 4ucio ¥ TUIT 3aMeCTUTEJICH B OeH-
30JIBHOM KOJIBIIC, MOKHO B JIOCTATOYHO IITMPOKMX IIpeIeiaXx Me-
HSITb UX OCHOBHOCTH.

+/O +/O
Ar—N{ +H = Ar—N_ (6.10)
(O OH

KoHIeHTpallm pOTOHUPOBAaHHOK (DOPMEI M CBOOOIHOTO
OCHOBAHMSI C BbICOKOI TOUHOCTBIO OMPEICIISIIOTCS CIIEKTPOdO-
ToMeTpuuecKu. 3HaueHus1 H, HaxonaT 1o dopmyiie (6.11):

ay + Chu+
H, = —logﬁ = pKyy+ —logg,—';, (6.11)

Ie @ — aKTUBHOCTB; f — KO3 GUIIMEHT aKTUBHOCTH; C — KOH-
ueHtpauus u a = fC.

BpeHcTeqoOBCKMMM  CYIIEpPKMCIOTAMM HAa3bIBAIOT BeEIeCTBA
WM CMECHU BelleCTB, GYHKIMS KUCIOTHOCTU KOTOPBIX MPEBbI-
maet KucaoTHocTh 100%-1t cepHoit kuciotsl (Hy = —12,2). Mb1
YK€ BCTpeyarcCh C CYIIepKUCI0TaMU B JIEKIIMH 4, KOTIa paccMa-
TpUBAIM CTPYKTYpy MoHa mMetoHuss CHY u obcyxknmanm oTKphbI-
Thie [Ixxopmxkem Ona peakuuu H/D n3otomnHoro ooMeHa B anka-
HaX ¥ U30MEpU3alUU ATKAHOB B CYMEPKUCIBIX cpeaax. 3Hayue-
Hus1 H, nius psaa cylnepkKucioT HpuBeleHbl B Tabmuie 6.14.
Cwmech neHTadTopraa CypbMbl, KOTOPbIi SIBJISIETCSI OYEHb CUJTh-
HoIt KucnoToit JIbtorca, 1 GTopCcyIbMOHOBOI KUCIOTHI, CyIIep-
KUCIOThl bpeHcTena, moayyuia Ha3BaHWE Maruyeckon KMCIo-
TEl. [loBOIOM IJIg TIOSIBJICHUSI STOTO HA3BaHUS ITOCTYXWI 3a-
O0aBHBII ciydyail. Bo BpeMsl pOXIECTBEHCKON BeYEPUHKU
B Jaboparopuu npodeccopa Ona OAUH U3 aCIUPAHTOB OPOCUIT
B BTy CMeCh orapok mnapacduHoBol cBeun. K yIMBIEHUIO BCEX
MPUCYTCTBYIOIIUX, OH OBICTPO B Hel pacTBopwics. [locaenyro-
1Iee M3y4eHue IoKas3auo, 4YTo IPY 3TOM ITPOMCXOIUT pacIlerie-
HUE JUIMHHOLEMOYEYHBIX aJIKAHOB. DTO COOBITHE IMOCTYXUIO
HayvajoM onecTsieil cepun padot OJjia Mo XMMHUHU aJIKaHOB B CY-
MEePKUCIBIX Cpeax.
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Tabmnua 6.14. 3HaueHust H 1uis psiaa CynepKuciaoT

Kacyora B | ommoecoomoneme | 10

H,S04 —12,1 H,S0,—SO0;3 —13,6
oneym (3:1)

FSOs;H —13,9 H,S04—S0;3 —14,4
oneym (1:1)

CISO;H —-12,8 FSO3H—SbF5 (1:1) -17,5

HF —10,1 HF—SbF5(9:1) -20

CF;SO3H —13,0 HF—SbF5 (1:1) -28

OTMETUM, YTO B YUCJIO CYMEPKUCIOT BOIIA camasl CUJTb-
Hasl opraHudyeckas Kucjora — TpudTopMeTaHCyThhOHOBasK
CF;SO;H. TpudropmeTunbHas Ipynma U Apyrue mnepdropa-
KUJIbHBIE TPYIIIThI — MOIIHBIE WHAYKTUBHBIEC 3JIEKTPOHOAKIIETI-
TOpBI, TIO CUJIE HE YCTyMnarouue XJopy. DTO UX KayecTBO HUC-
TOJTB3YETCST TIPU CO3JaHUM TBEPIBIX CYMEPKUCIOT HAa OCHOBE
MOJHOCTHIO (PTOPUPOBHHBIX MOIMMEPOB. OfHA U3 HUX — cMoJa
Nafion-H (puc. 6.9) oGiagaeT BeJIMKOJEMHON TepMUYECKOM
M MEXaHWYeCKON ycToiunBOoCThi0. OHA IIMPOKO MCTIOIb3YeTCs
B TIPOTOHIIPOBOMSININX MEMOpaHaX TOIUTUBHBIX 3JIEMEHTOB,
a TaKKe KaK KMCJIOTHBIN KaTaJM3aTOp MHOTUX XUMUYECKUX pe-
aKILIN.

CF CF
ﬁ\CFQ/ 2)?/CF/ Z%
0

o)
Ch O __Ch 7/
Fcl CF; /skO x H,0

CF, HO

Puc. 6.9. Ctpykrypa TBepnoit cynepkuciotsl Nafion-H

Bce ¢dTropconep:kaliiuve cyrnepKucaoThbl HEIb3s1 XPAaHUTh B CTe-
KJIsIHHBIX cocynax. OHu comepxkat HF, KoTophlii, KaK Bbl 3HaeTe
U3 Kypca HEOpraHMYEeCKoil XMMUU, pearupyer co crekioM. He-
nIaBHO ObuTa cuHTe3upoBaHa cynepkuciora H(CHB,,Cl,;), onHa
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H Cl B

Puc. 6.10. CtpoeHue aHroHa «kapbopaHoBoii» cynepkuciotel H(CHB;Clyy)

13 HEMHOTMX, KOTOPbIe MOXKHO XPAaHUTh B CTEKJISTHHBIX COCyaaX.
AHHOH ee MpeACTaBIisIeT cO00i XJIOPUPOBAHHBII MKOCAdIpUIe-
CKUIi KapOopaH, CTpOEHHME KOTOpOTo ToKazaHo Ha puc. 6.10.
OO0l11ee CBOMCTBO BCEX CYNEPKUCTIOT COCTOUT B TOM, UTO UX aHU-
OHBI SIBJISIIOTCST OUYeHb CIA0BIMU HYKJIeO(DUIaMu.

o cux Top MBI paccMaTpyBaid OPEHCTETOBCKHUE CYTIEPKIC-
JoTHl. B KadecTBe Hambojiee CUIIBHBIX JIBIOUCOBBIX KHUCJOT B
JIEKIIUU 5 MBI paccMaTpuBaiv TeHTaPTOPUA CypbMbI, TpUhTO-
pun 6opa u tpuc(nenradpropdenmn)oop. K yncay aplonucoBbIX
CYMEPKUCIOT A; OTHOCST T€ COCIMHEHUs, KOTOPBIE IO CBOCH
CITOCOOHOCTM aKIIeNTHUpoBaTh (GTopua-uoH F~ mpeBocxomsT
neHTadgTopun CypbMbIl. MIX CHJTy OLICHUBAIOT IO SHEPTUM CPOJI-
ctBa K ¢hropun-uony (FIA) B coorBecTBUM ¢ ypaBHeHMHEM (6.12):

A +F —AF +E (6.12)

3unauenust FIA B k/[X/MOJb [UISI HEKOTOPBIX JIBIOUCOBBIX
KHCIIOT, ¢ KOTOPBIMUA HaM €IIle TIPEACTOUT BCTPETUTHCS B 3TOM
Kypce HEOZHOKPaTHO, IIpeICTaBIeHbl B Tadmle 6.15.

O6paTtuTe BHUMaHME Ha HECKOJIBKO MHTEPECHBIX 3aKOHO-
MepHocTell B 3HaueHusix FIA B aToit Tabiaune. bonbmias yacts
U3 CWIbHBIX JIBIOMCOBBIX KMCJIOT — 3TO TaJIOTEHMIBI TpexXBa-
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Ta6muma 6.15. Dueprum cponctsa K dropun-uony (FIA) mnst Hekoro-
DBIX JILFOMCOBBIX KUCIOT B KJIX/MOJIb U COOTBETCTBYIO-
e uM (GTOPUIHBIE KOMIUIEKCHI

AL/ALF~ FIA AL/ALF~ FIA
BF;/[BF4]~ 338 | AIF3/[AIF,]~ 467
PFs/[PFq]~ 394 | SbFs/[SbFg]~ 489
BCls/[BCI3F]~ 405 | AIBr3/[AIBr;F|~ 499
AsFs/[AsFg]~ 426 | PhF — AI(OR)4/[FAI(OR)]—*+ PhF | 505
GaCls/[GaCl5F]~ 431 | Al(CgFs)3/[Al(CgFs)3F]~ 530
GaF,/[GaF,|~ 432 | AI(OR)%/[FAI(OR)§]—* 537
BBr3/[BBr;F|~ 433 | B(CF3)3/ [B(CF3)3F]~ 552
B(CgFs)3/[B(CeFs)sF|~ | 444 | AuFs/[AuFg]~ 556
AICL3/[AICL;F]~ 457 | Sb(OTeFs)s/[FSb(OTeFs)s]~ 633

* AI(OR)}= AI[OC(CF3) 33

JICHTHBIX OOpa, alfoMUHUS U ranus. Tpudropun 6opa MeHee
CWJIbHAS KUCJIOTA, YeM TPUXJIopua 1 Tpubpomua. Cpeau mpoun3s-
BOJIHBIX O0Opa caMoii CUJIbHOM JILIOMCOBOU KUCIOTOM SBJSETCS
TpUC(TpUGTOPMETHIT)OO0D.

3adaHue: Onupascb Ha Balum 3HaHUA 06 3NEKTPOHHBIX 3¢-
dpekrax, 06bACHUTE 3Ty 3aKOHOMEPHOCTb.

IleHTadbTopumy CypbMbl CBOMCTBEHHBI IBa HEIOCTaTKa, KO-
TOpBIE OIPAHMYMBAIOT BO3MOXKXHOCTH €T0 MCITOJIb30BaHUS B Ka-
yecTBe KaTanmsaropa. OH, Kak 1 psiI IpYyTruX (PTOPUIOB, TIPU TH-
Ipoau3e obpa3yeT MCKIIOYUTEbHO arpeCCUBHBIN (PTOPUCTHII
BOJIOPOJ U SIBJISIETCS CUJIBHBIM OKUcTUTeIeM. HemaBHO B TpyII-
ne Muro KpoccuHra Obl1a mosydyeHa JbloMcoBa CyIepKuciIoTa,
KOTOpasl CYIIeCTBEHHO cubHee, yeM SbFs, Ho 3Tux HemocTaT-
KOB JiieHa. fl xouy pacckas3ath BaM 00 3TOM 0oJjiee TToapoOHO,
TMOTOMY UYTO TIPU CO3JaHUU €€ ObLT UCTIONIb30BaH d(P(HEKTUBHBIN
MOAX0/l, KOTOPOMY B CBOEI HMcCClieoBaTeIbCKOW paboTe crapa-
FOCh TIPM BO3MOXKHOCTH CIIeAoBaTh U 1. [IpoaHanmm3mpoBaB 3Ha-
yeHus1 FIA mnst Gonbluoil cepuy JIbIOMCOBBIX CYNEPKUCIOT,
4acTh U3 KOTOPBIX 51 IpUBeJ B Tabuuiie 6.15, aBTOpbI IIPEAII0I0-
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KWJIM, 9YTO BBEIECHUE TePMOTOPATKOKCU-TPYII K aTOMY aTIOMM-
HUS OyIeT CITOCOOCTBOBATh POCTY JILIOMCOBOI KUCIOTHOCTH.
s TIpoBEepKU 3TOM TUITOTE3BI aBTOPHI MPOBEIM KBAHTOBOXM-
MHUYECKOE MOACIMPOBAHKUE CTPYKTYPBI M PaCCUUTAIM 3HAUCHUE
FIA nna ankoronmsita AI[OC(CF;);]; metomoM ¢yHKIMOHaNA
TUTOTHOCTH. PacueT moaTBepAaui TUIIOTE3y — ITOJYICHHOE 3Ha-
yeHue 537 kX/Moib 0OKa3ajJoCh CYIIECTBEHHO OOJIbllle, YeM
y SbFs (cM. Taba. 6.15). Torma uccienoBaresin MpoBeIv CUHTE3
COCIMHEHUSI, UCIIOJIb30BaB CTAHIAPTHBIN METOA — B3aMMOICH-
ctBue cnupta (CF;);COH ¢ amaHaMu — TpuMeTUIATIOMUHUEM
n TpustuiaamoMuaueM (6.13). TTonbITKM BBIIEIUTH YCTOWUM-
BBIN TIPOAYKT MPU UCTIOJIB30BAHNM PA3HBIX PACTBOPUTENCH (TO-
JIyOJI, XJIOPUCTBIE METWJIEH W Ap.) HOJIToe BpeMs ObLIU Oe3y-
cnewHbl. Ho u3 ¢ropbeH3oa ObUIO MOJy4eHO KpUCTaLINYe-
ckoe BemectBo, PCA-cTpyKTypa KOTOpOro TIioKa3aHa Ha
puc. 6.11.

AIR, + RFOH
Rf= C(CFs),

F
273 K, —3RH! Al(OR"); (6.13)

YHuKanbHas CTpyKTypa, He mpaBaa au? JIMYHO 51 BUXKY Takoe
BriepBbie. O4eHb ¢J1ab0 HyKJIeO(UIBbHBII aTOM (PTOpa B MOJIEKY-
Jie ¢pTopOeH3oJ1a (He 3a0bIBaiiTe, YTO €ro HEernoJeJeHHbIe Mapbl

Puc. 6.11. Crpoenue amnykra AI[OC(CFj3)3]3 ¢ propbeHzonom
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YaCTUYHO IEIOKAIN30BaHBI B OC30JbHOM SIIpe) KOOPIWHUPO-
BaH TI0 3JIEKTPOHOIEMUIIUTHOMY LIEHTPY, 3arOJIHSIST BaKaHCUIO
Ha aToMme aqtoMuHus. Ho aTa KoopauHallMOHHas! CBSI3b JOBOJIb-
Ho cnaba. Jdnuna ee (1,86 A) nmpumepro Ha 0,2 A Gosblie, yem
JUTMHBI OOBIYHBIX KOOPAMHAIIMOHHBIX cBs3eirt Al—F, a cBa3b
C—F ¢ 6eH30IbHbIM KOJIbLOM yuTiHeHa Ha 0,09 A ro cpaBHe-
HU1o ¢ (propobeHsonoM. ITosromy Oosee CUIBbHBIE OCHOBAHUS
JIETKO BBITECHSIIOT (bTopOeH301. A aymaro, yTo 3Ta JIETKO H0-
CTYyITHasl JIbIOMCOBA CYMEPKMCIOTa, He obiamaolias OKUCIW-
TEJIbHBIMU CBOMCTBAMM, BCKOPE CTaHET IOIYJISIPHBIM pearcH-
TOM.

TBepabie CynepKucaoThl, B IEPBYIO OUEPEb Leoaumsl, SIBISI-
FOTCSI BaXKHEUIIMMHU TIPOMBIIUICHHBIMM KaTalM3aTopaMM Kpe-
KWHTa ¥ TWIPOKPEKWHTA YIJIEBOAOPOIOB B HE(TEXUMUUECKOM
npoMbllIeHHOCTU. Kpucramiuyeckasi CTpyKTypa TMPUPOIHBIX
W WCKYCCTBEHHBIX IICOJMTOB OOpa3oBaHa TETPAdAPUICCKU-
mu rpynnamu SiO,,, u AlO,/,, 00beIMHEHHBIMU OOLIMMHU BEP-

Sli
0) 0) 0)

| | |
-Al—O—Sli—O—Al‘—O—Sli—O—Al

Puc. 6.12. ®parmeHT 6a30BOI CTPYKTYPBI LICOJUTOB (@), BUI KAPKACHO-TIOJIOCT-
HOM CTPYKTYpHI (6) U TPpaHyJIbl IPOMBIIIJIEHHOTO LIEOJUTHOIO KaTa-
nm3aTopa (8)
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IIMHAMU B TPEXMEPHBIM KapKac, MPOHU3AHHBINA TOJOCTIMU
M KaHamamyu (oKHamu) pasmepoM 2—15 A. OTkpbITast Kapkac-
HO-TIOJIOCTHAsI CTPYKTypa LieonuToB [AlSi]Oy (puc. 6.12) umeer
OTPULIATEIbHBINA 3apsill, KOTOPbI KOMIIEHCUPYETCS HaXOMS -
MUCS B MOJOCTSIX MPOTUBOMOHAMU (KaTMOHAMU METaJIOB, aM-
MOHUSI WA TIPOTOHAMU), KOTOPbIE JIETKO BBOAUTH U OOMEHU-
BaTh MO MEXaHU3My HMOHHOro obmeHa. [lojocTu 3amoSHEHBI
TaKKe MOJIEKYJIaMU BOJIbI, KOTOPBIE JIETKO YAAJSIOTCS TIPU TIPO-
KaJUBaHUMU.

MpbI BCTpeTUMCSI € Pa3IUYHBIMU KaTaTUTUIECKUMU TPOLIEC-
caMH Ha 1Ie0JIUTaX BO MHOTHX pa3/iesiax 3Toro Kypca.

6.6. OpraHnyeckne cynepocHoOBaHuA

KraccmyeckuMyu OCHOBAaHMSIMM SIBJISTIOTCST IIEJIOUYM, AJIKOTOJISI-
ThI, alleTaT HaTpusl. B BoJie M CIMPTOBBIX Cpeax OHU MO3BOJISIIOT
MOHU3UPOBATh KUCIIOTHI ¢ pK, Huke 14—15, HO rpu cionb30Ba-
HuM B KadyecTBe pactBoputessa JIMCO ux noHusupymouas cro-
COOHOCTB Bo3pacTaeT Ha 12—13 TTOpSIKOB U OHU MOTYT MOHU3U-
pOBaTh TaKye CcJIa0ble KMCIOTHI, KaK alleTICHBI MJIU apUJIAMUHBI
(pK, = 22-27). Ilonobnwie cpenni, Haripumep KOH—-IMCO,
ITOJIYIVIIM Ha3BaHUE CYIIepOCHOBHBIX.

Hapsiny ¢ aHUOHHBIMU OCHOBaHUSMU B XMMUU YacTO UC-
TOJIB3YIOTCSI W HEUTpaJbHBIE OpPraHWYECKHWEe OCHOBAHUS
(puc. 6.13) — aMMMaK, ajJKWIaMHUHBI, MUIEPUAUH (2), MUpU-
muH (3) wim 4-guMmetunamMmuHonupunuH (4). VIckimoyuTeabHO
BaXXHYIO pOJb B KAa4eCTBE ITEPEHOCUYMKA MPOTOHOB M KUCJIOT-
HO-OCHOBHOIO KaTaju3aTopa B OMOJOTMUECKHX IIpolieccax
urpaeT UMmuaa3on (5), BXOASIINI B COCTaB AaMUHOKUCIIOTHI TH-
ctuarHa (6). biraronapst HaMuuoO B MoJiekyie (5) KHUCIOTHOTO
1 OCHOBHOI'O LIEHTPOB, MMHKJIa30J1 CIOCOOEH 00pa30BbIBaTh Kak
anuoH (7), Tak u KatuoH (8).

HenocraTkom 3THX OCHOBaHMIA SIBJISIETCSI MX BEChbMa BBICO-
Kas HyKJIeopuiabHOCTh. Hapsioy ¢ oTpBIBOM IIPOTOHA, OHU JIETKO
B3aUMOJIEUCTBYIOT C IPYTUMHU 3JIEKTPOPUIBHBIMU U JIBIOMCOB-



646 Jlexyus 6. Opeanuueckue KUCAOMbL U OCHOBAHUS

NMe,
X X
7 7
1TI N N
H
2 €) )
pK,=11,22 pK, =575 pK,=9,60
H
N N N/‘
K, =142 K,=6.95
() s ) s )
b ) )
H H
) &) )

Puc. 6.13. HeiiTpanbHble OpraHUYecKrue OCHOBaHUS

CKUMM 1IEHTPaMU, BKJIIOYasl yriaepoaHbie atToMbl. Hykneodbuib-
HOCTh MOXHO pPE3KO MOHU3WUTh, €CIU BBECTH TIO COCEACTBY
C OCHOBHBIM LIEHTPOM OOBEMHBIE M MHEPTHBIEC TPYIINbI, HATIPH-
Mep W30MpONWIbHbIE WU mpem-OyTWibHbIe. B 3TOM ciydae
3JIEKTPOHHAsI MMapa OCHOBAHUS OKA3bIBAETCS TOCTYITHOM MIJIsT Ma-
JIEHBKOT'O TIPOTOHA, HO MaJIOJOCTYITHOM [JIs1 APYTMX 3HAYNTEb-
HO OoJiee 00bEMHBIX 27eKTpoduaoB. IlpuMepamu MOryT ciy-
KUTh  auusonponuidTuiaaMud  (9) (ocHoBaHMe XIOHWTA),
2,6-nu(mpem-6ytun)nupunut (10), AMU30NPONUIAMUI JTUTUS
(LDA, 11) u 2,2,6,6-tetpamerunnunepuaun autus (12)
(puc. 6.14).

ODHUMHA U3 CaMBIX CHJIbHBIX OpTaHMYEeCKUX OCHOBAHUIA SIB-
sstiorest amuauHsl (13) u ryanunus (14). [Ipu nporoHnpoBaHUT
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Puc. 6.14. Oprannveckre OCHOBaHUS C HU3KOM HYKJI€O(MWIbHOCTBIO

TYaHUIMHA 00pa3yeTcs KaTHOH CHMMETPUYHOTO cTpoeHMS (15),
TIPEICTABIISIONINI CO00I0 TPMaMIUHOKApOEHUEBBI MOH, B KOTO-
DPOM TTOJIOKUTEIbHBIN 3apsia MOJHOCTBIO Aea0Kann30BaH. CUib-
HBIMU 1 IIMPOKO MCITOIB3YEeMbIMU OPTaHUYECKUMM OCHOBAHMSI-
MH C HH3KOH HYKJICODWILHOCTHIO SIBISIIOTCS ITUKIMICCKUE
aMuanHbel  1,8-muazabunukinol|5,4,0]lyamenen-7 (DBU, 16)
n 1,5-mnazabunukio[4,3,0]ron-5-ex (DBN, 17) (puc. 6.15).
AHOMAaJIbHO BBICOKOII OCHOBHOCTBIO, KOTOpasi Ha 6—7 mo-
PSIIKOB BBIIIIE, YeM Y apWIAMUHOB, U TIPUMEPHO Ha 2 TIOpsaKa
BBILIE, UeM Y aJIKWJIaMUHOB, obianaeT 1,8-0uc(aIuMeTuIaMuHO)
HadranuH (18) (puc. 6.16). 3a HUM U IPYTUMU COEAMHEHUSIMU
CXOITHOTO CTPOCHMS 3aKPEIUIICS TEPMUH «IIPOTOHHBIC TYOKW».
[IpocTpaHCTBEHHOE OTTAJKMBAHME METWJIBHBIX Tpymm B (18)
TIPUBOAUT K TOMY, YTO IIPOMCXOIUT ITOBOPOT IUMETHIAMU-
HorpynIi BOKpyr cBsizeit C— N, U OHM BBIXOAST U3 COMpPSIKE-
HUS ¢ apoMaTUYecKoit cuctemoii. CBg3bIBaHME MTPOTOHA B Ka-
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Puc. 6.15. 'yvanuaus n uukianveckue amuarisl DBU u DBN
Me; Me Me  H, Me
‘N‘ + NA

&5 s
(19)

(18)
pK,=12,1 (H,0) pK,=7,5(DMSO)

Puc. 6.16. 1,8-buc(numerniaMuHo)HadTaIuH — «[IPOTOHHAsI TyOKa»
TuoHe (19) compoBoxnaeTcss 0Opa3oBaHUMEM OYEHb MPOYHOU
BHYTPUMOJIEKYJISIPHOI BOTOPOIHOM CBSI3U.

Bynyuyun oyeHb CUJIBHBIMM OCHOBAHUSIMU, TaKK€ TTPOTOHHbBIE
TyOKH BMECTE C TEM He CITOCOOHBI MPOYHO CBS3bIBATH OOJIBIIINH-



6.6. Opeanuueckue cynepocHo8anus

cTBO KHCIIOT JIptonca. B mmonocTs MeXXmy aToMaMu a30Ta HE MO-
TYT IPOHUKHYTb, HAIIPUMED, TAIOTeHUIbI METAJUIOB M KAaTUOHBI
13-32 CWJIBHOTO PKPAaHUPOBAHUS 3TOU TMOJOCTU YETHIPbMS Me-
TWIbHBIMU Tpynramu. [ToaToMy M CKOpOCTU TIPUCOEAUHEHUSI -
OTLIETIEHUS MTPOTOHA B TAKUX CUCTEMax OKa3aJaucCh B COTHU Thi-
CsI9 pa3 HIDKE, YeM Y OOBIYHBIX AMUHOB, I1Ie OHU JTUMHUTHUPYIOTCS
b gugdysueit.

O0pa3oBaHUe BHYTPUMOJIEKYISIPHON BOJAOPOMHON CBSI3U
MpY MIPOTOHUPOBAHUY TUAMUHOB PE3KO YBEJIMYMBAET UX OCHOB-
HocTh. Ha puc. 6.17 s npuBen aABa npuMepa, KOMMEHTUPOBATh
KOTOpKIE, MoJjiaraw, 0co00it HEOOXOAUMOCTHU HET.

pK,=16,5

Puc. 6.17. O6pazoBaHue BHYTPUMOJIEKYJISIPHON BOTOPOIHON CBSI3U MPH TPOTO-
HMPOBAHUM TUAMUHOB PE3KO YBEJINYMBACT UX OCHOBHOCTD

M cKmounTeIbHO TTPOYHO CBSI3BIBAIOT TIPOTOHBI KapKacHbIE
CTPYKTYPBbI, KOTOPbIE MOJTYYMJIA HA3BaHUE «ITPOTOHHBIE JIOBYIII -
Ku». OOQHUM U3 IEPBBIX UX cTaj u3ydaTth 2K.M. JIeH Ha mpuMepe
KpuntanaoB. CrenimduKa 3TUX OCHOBAaHMI 3aKJII0YaeTCs B BO3-
MOXKHOCTU MX MPOTOHUPOBAHUSI KaK C BHEIIIHEW CTOPOHBI, TaK
1 U3HyTpUu. OYeBUIHO, YTO 3(HEKT MPOTOHHON T'YOKU JOJKEH
TIPOSIBIITBCST TOJIBKO B CIy9ae BHYTPEHHETO IMPOTOHMPOBAHMSI.
[1.1.11Kpuntann (20) mpu 1eiicTBUM KHUCIOT 00pa3yeT BHaUYaje
BHEIIHUM (out)-MOHOKATHOH (21), KOTOPBIii MEUIEHHO Mepexo-
IIAT BO «BHYTPEHHUII» (in)-MOHOKATHOH (22) (puc. 6.18). B HeM
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Puc. 6.18. [Tpotonnsie soBymku [1.1.1]kpunrann (20) U rekcasTUIEHTETpa-
MUH (23)

MPOTOH YIEpXKUBAETCSl CTOJb MPOYHO, YTO HE YAaeTcsl M3Me-
PUTHh KOHCTaHTY MOHU3ALIMU OOBIYHBIMU MeTodaMU. «BbimpaTe»
TIPOTOH 13 3TOU KJIIETKH YIAIOCh TOJIBKO IeUCTBUEM METaJUTIIe-
CKOTO HATpUsI B XXUIKOM aMMuake. Elie 6osiee MHTEpeceH rek-
casTusieHTeTpaMuH (23), KOTOPHBIH SIBISIETCSI aHAJIOTOM Y3Ke U3-
BECTHOTO HaM TeKcaMeTWIeHTeTpamMuHa (ypoTpomnuHa) (24),
B KOTOPOM METWJICHOBBIE 3BEHBSI MEXJy aToOMaM1 a30Ta 3aMe-
ILIEHbI Ha 3TUJIEHOBBIC LIETTOYKHU, U TTIO3TOMY €ro Ha3bIBaIOT TaK-
ke [26]lamaMaHTazaHOM. DTa JOBYIIKA 3aXBaTbIBAET IIPOTOH TaK
MIPOYHO, YTO B CBOOOITHOM COCTOSTHUM €TO IO CHX HE yIajloch
MOJTYYUTh.

BHuMartenbHO BCMOTPUTECH B CTPYKTYPY MOHOKaTHOHA (22).
OHa OYeHb MOX0Xa Ha CTPYKTYPY OMIIMKINYECKOTro KapOeHue-
BOrO MOHA C MOCTUKOBOM (2€,3¢)-TUAPUIHON CBSI3bI0, KOTOPBII
MbI U3yJasu B JeKuuu 4 (puc. 4.10), He mpaBaa au?

O6 in,out-xMMUM MOAMLMKIIMHECKUX M KapKacHbIX CTPYKTYp HamMcaH 3aMeyaTesib-

Hbit 0630p RWV. Alder, SP. East «In/Out Isomerism» (Chem. Rev., 1996, 96, 2097—
2112).

XUMUST MPOTOHHBIX TYOOK M MPOTOHHBIX JIOBYILIEK OBICTPO
pasBuBaeTcs. M3BeCTHO M HECKOJBKO IPYruX TUIIOB COEAVHE-
HUM, obOsagarolux MCKIIOYUTEIHLHO BBICOKOM OCHOBHOCTBIO.
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IﬁIBu—t IﬁIBu—t +

H+

RzN_P_NRz — RZNzﬁZNRZ
NR, NR,

(25) NR,=NMe,, pK, = 26,88 (MeCN)

(26) NR,=N [ pK,=28,35 (MeCN)

(27) pK, = 44,00 (MeCN)

Puc. 6.19. dochazeHoOBBIE CYTIEPOCHOBAHUST

K 4yucny Hambojiee MHTEpPECHBIX NpuHaaiexkaT docdazeHbl
(umunHodocdopansbl) (25)—(27) (puc. 6.19). DocdaseHbl Tpu-
HSITO KJaccupuuupoBaTh Kak Pn-ocHoBaHus 110 uuchy (1) aTo-
MoB (pocdopa u, ciaegoBaresbHO, ¢ochazeHoBbIXx P=N cBs3eii
B MoJieKyJie. YeM OoJIbIlie TaKuX CBS3€i, TeM BBIIIIE CTEIIEHb JIe-
JIOKaJTU3alU MOJIOKUTEIBLHOIO 3apsiia B KAaTUOHE U TeM 00JIb-
e ocHoBHOCTh. CoenuHenust (25) u (26) — ato Pl-docdaze-
Hbl. A P4-docdazen (27) siBnsieTcss Ha CETOAHSIIIHUIN IEHb ca-
MBIM CUJTbHBIM HEUTpaIbHBIM OPraHMYeCKUM OCHOBAHUEM.

MHOro MHTepecHbIX CBEAEHMI O MPOTOHHBIX ryGKaxX U MPOTOHHBIX JIOBYLUIKAX Bbl
cMoxeTe HaitTn B o63ope A.®. lMoxapckoro, B.A. OsepaHckoro, E.AA. ®unatosoit,
«leTepoLyknMyeckne CynepoCHOBaHWUA: PeTPOCMEKTUBA U TekyLme TeHAeHUMn» (Xu-
MWs reTepoumknyeckux coeauHenni. 2012, Ne |. C. 208—228).
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6.7. I'pyHUMN KeCTKNX U MArKMX KUCNoT
n ocHoBaHuii (ZKMKO)

Ha ocHoBaHNM aHa/IM3a OYeHB OOJIBIIIOTO SKCIIEPUMEHTATEHOTO
MaTepuasia o KOHCTaHTaM PaBHOBECHSI MHOTUX peakIluii, KO-
TOPBbIE MOKHO pacCMaTpMBaTh B OOIIEM BUIE C IMO3UIIMI B3au-
MoneicTBusl KucaoT JIblonca u ocHoBaHuit Jlbouca, Panbgd
IMupcoH BbLIBUHYI B 1963 T. KaueCTBEHHYIO KOHLEIIIUIO, KO-
TOpasi oKa3ajiach BecbMa 3(D(EKTUBHOI B MpencKa3aHUU T0JI0-
JKEeHUS] XUMUYECKIX PAaBHOBECUI I CKOPOCTEI TIPOTEKaHUS He-
KOTOPBIX XUMUYECKUX peakuuit. [TMpcoH paszmeauna KUCIOThI
n ocHoBaHMsl Ha nBe Tpynmbl. CornmacHo [lupcoHy acecmrue
Kucaomol — 3TO aKIUEITOPHI 3JICKTPOHHON Taphl, 00JIaIaromIe
MaJIbIM pa3MepoM, OOJIBIIMM MOJOXUTEIbHBIM 3apsIIoM, 00JIb-
IIOM 3JIEKTPOOTPULIATEIbHOCTBIO U HU3KOU ITOJISIPU3YEMOCTBIO.
MorekyasipHast OpOWTadb, HAa KOTOPYIO TICPEXOOUT 3JIEKT-
POHHAas mapa OCHOBaHUS MPU CBSI3bIBAHUU C HUMU, Y KECTKUX
KHCIIOT MMeeT HU3Kylo 3Hepruio. COOTBETCTBEHHO, McecHmiKue
OCHOB8AHUsL — DBTO JIOHOPHI C AHAJIOTUWYHBIMM CBOICTBAMU
(c GOJBIIMM OTPULIATEJLHBIM 3apsiIOM, HU3KOM 3JEKTPOOTPU-
LATEJIbHOCTBIO M HU3KOM TOJSIpU3yeMOoCThio). WX opbutaib,
C KOTOPOI1 TIepefacTcsT 3JIeKTPOHHAs ITapa, TakKKe MMeeT HU3-
Ky10 sHepruio. Msekue Kucaomsl — 3T0 KUCIOTHI JIblonca ¢ Ma-
JIBIM TTOJIOKUTEJIbHBIM 3apsiIoM, OOJIBIIIMM pa3MepOM, OTHOCH-
TEJTbHO HM3KOU 3JeKTPOOTPUIIATCILHOCTEIO U OUYECHBb BBICOKOM
MOJIIPU3YeMOCThI0. Msekue ocnosanus — 3T0 ocHoBaHUs JIbo-
1ca ¢ aHAJOTUYHBIMU CBOMCTBaMU. Kak y MSITKMX KMCIIOT, TaK
W Yy MSITKUX OCHOBAaHWI BSHEPTUS OpOMTaieit, yIacTBYIOIINX
B CBSI3bIBaHUU, BbIcOKa. [TOCKOIBKY TakKe CBOMCTBA, KaK 3apsii,
3JIEKTPOOTPULIATEIBHOCTD U TOJISIPU3YEMOCTb, H3MEHSIIOTCS
TUTaBHO, CYIIECTBYET PsI KUCIOT U OCHOBaHMi JIpfonca, KOTo-
pble 3aHUMAIOT ITPOMEXKYTOUHOE TMOJOXEHUE MEXIY XKEeCTKUMU
1 MITKUMHU. 2KeCTKOCTh KUCIOTBI MM OCHOBAaHUS O3HAYaeT MX
CKJIOHHOCTHh 00Pa30BBIBATh CBSI3U MPEUMYIIECTBEHHO MOHHOTO
XapakTepa, a MSITKOCTb KUCJIOThI MM OCHOBaHUSI — CKJIOHHOCTb
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K 00pa30BaHUIO CBs3€l KOBAJIEHTHOTO xapakTepa. PasmeneHue
Ha 3TU TPY TPYIIIIBI IPEACTaBIeHO B Tabiuie 6.16, XOTsI, KOHeY -
HO, TPAHUIIBI MEXTY HUMU HOCSIT BECbMa YCIIOBHBIN XapakTep.

Taomuna 6.16. Kinaccudukanus KMUCJIOT U OCHOBaHUIA B paMKaX IMPUH-

muna 2KMKO
Kucnorst OcHoBaHus
Kecrtkue Msrkue Kectkue Msrkue
HT, Lit,Na*, | Ag™, Cu', HgZ", | OH—,RO~,F~, | RS™,RSH, I,
K*, Mg, Ca®™, | RST,IT,Br', CI~, RCOO™, H-,
APt Cr3t FedT, Pb2*, BH;, NO73, NH3, R;C™, anKeHs,
BF;, B(OR)3, KapOeHbl RNH,, H,0, CgHg, R;P,
AIR3, AICl3, SO3, ROH, SO7~, (RO);P
BF;, RCO™, CO,, C03%~, R,0,
RSO," NRj3, NHy
KucnoTsl npomekyrounoro xapakrepa | OCHOBaHMS NPOMEXKYTOYHOTO XapaKTepa
Fe?t, Zn?*, SO,, R;CT, C¢HsT, NOT Br—, C¢HsNH,, NO3, CsHsN

MOXXHO 3aMEeTUTh, YTO MPU IBUKEHMU T10 Tpymie [lepunomm-
YeCKOM CUCTEeMbI CBEpXY BHU3 XXE€CTKOCTh OCHOBAaHWIA YMEHBIIIa-
eTcs:

F>CI">Br >1".
s M303IeKTPOHHBIX COCTMHEHUM XKECTKOCTh BO3pacTaeT
TIpY IBYVDKEHWM T10 TPYIITIE CieBa HaIpaBo:

NH; <OH < F.
2KecTKOCTh KUCITOT yMEHBIIAETCS ITPU ABUKEHUU 110 TPYITITe
CBEpXY BHU3:
Lit > Nat > K*;
Zn%t > Cd?t > Hg?".

CornacHo npuHuuny KMKO, xecTkue KuciaoTsl 6oJiee Jier-
KO M ¢ obOpa3oBaHuWeM 0oJjiee TIPOYHBIX CBSI3Eil pearnupyror
C )KECTKMMHU OCHOBAHUSIMM, a MSITKHE KUCJIOTbl — C MSTKHUMU
OCHOBAHMSIMU. DTOT MPUHIIUI ITOMOTAeT HE TOJbKO OOBSICHUTH
KOHKPETHbIE DKCIIEpUMEHTabHbIE PE3YJIbTaThl U3 00J1aCTU KUC-
JIOTHO-OCHOBHBIX B3aUMOIEUCTBUI, HO U B 3HAYUTEJIBHOUN CTE-
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mneHu o0jamaeT mpeackasaTelbHONM CIocoOHOCThIO0. Tak, eciu
B MOJIEKYJIE MMEETCS HECKOJIbKO PEaKIIMOHHBIX IIEHTPOB, TO
B 3aBUCHMOCTU OT XapaKTePMCTMKM peareHra (ero >KecTKOCTH
WJIM MSITKOCTH) MOXKHO TPOTHO3MPOBATh HAIIpaBJICHWE peak-
nun. Bot xopommii mpuMep — peakius aJKWIMPOBAHUSI €HO-
JIIT-aHUOHOB, KOTOpPBIE O0Opa3yloTcs IPH AeTPOTOHMUPOBAHUU
KapOOHWMIIbHBIX coenrHeHuii. [1pn aenpoTOHUPOBAHUU ALETO-
YKCYCHOTO 3¢upa o0pa3yeTcs OeI0KaIUu30BaHHBIM aHUOH (28),
B KOTOPOM OTPUILIATEIbHBIN 3apsi pacCpeaOTOUYEH I10 IBYM LIeH-
TpaM — 3KECTKOMY KUCJIOPOILY U MSITKOMY yriiepony (puc. 6.20).
[Ipn ero METUITMPOBAHUM MSITKUM 3JIEKTPODUIOM, HOTUCTBIM
METWIOM peaklvs UAET IMOYTU LEJUKOM 10 MATKOMY LIEHTPY —
yroiepony. A METWIMPOBAaHUE XKECTKUM 3JIEKTPO(PUIOM, METHII-
TO3UJIATOM MAET MOYTHU LIEJIMKOM IO XKECTKOMY LIEHTPY — KHUC-
JIopojy.

B manbHeliemM MBI HEOTHOKPATHO OyIeM BCTpeYaThes C pe-
aKIMSIMU TAKOTO THUTIA.

Bruto cmemaHO HEeCKOJIBKO ITOMBITOK KOJWYECTBEHHO OXa-
paKTepU30BaTh XKEeCTKOCTh U MITKOCTh Kucaot JIbionca. Hanbo-

Me OEt
MeX
TN AT TM®TA
28 |y
MSTKUA N
KECTKUM
Nlle Me OEt
— MeC—CH—COEt +
| I Meo” N 0
H
C-uzomep O-u3omep
X=1 97% 3%
X=0Ts 3% 97%

Puc. 6.20. AnkuimpoBaHue aHMOHA allETOYKCYCHOTO 3dupa MpoTeKaeT Mo AByM
LIEHTpaM
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Jie€ YCIEIIHBIM MOXKHO CUUTATh BBEAECHHUE MPEACTABICHMS O XU~
Muueckoit xectkoctu 1 Ilappom u IMupconom (1983 r.). OHu
TIPUIIUTA K BEIBOAY, YTO BEJIMIMHA 1) TIPOTIOPIIMOHATIBHA BTOPO
IIPOM3BOIHOM SHEPIUU CUCTEMBI 110 YMC/IY 3JIEKTPOHOB, OTKYIa
TIPY OTIpeNeICHHBIX JOMYIIEHUSIX ITOCIIe TIPOCTHIX ITpeobpa3oBa-
HUIA MOXHO II0JIy4uTh hopmyy (6.14):

n=2( - A). (6.13)

3aech I — TIOTeHLIMAn MOHM3alMM, a A — DIIEKTPOHHOE
cponctBo. C 3TMMHU BEIMIMHAMU MbI YK€ BCTPEUYaInCh (BCITOM-
HUTE OIpeIe/IEHUE DJIEKTPOOTPULIATEIBHOCTU 110 MallJIMKEHY).
ITorenuunan nonusauuu I paBeH sHeprun B3MO, a anekTpoH-
Hoe cpoacTBo A — 310 sHeprust HBMO. B taGnuie 6.17 npen-
CTaBJICHbI 3HAYEHUS 1) IUISI HECKOJIbKUX KUCJIOT M OCHOBAHMIA.
WX 1erko BEIYUCIUTD M TSI MHOTHX APYTUX MoyieKysl. OHM TT0-
MOralpT 0oJjiee CTPOro PaHXKMPOBAaTh KUCIOTHI M OCHOBAaHUSI
B pamkax koHuenuuu 2KMKO, Ho MHe He monaaajioch cepbes-
HBIX paboT, re ObI OHM MCITOIb30BAINCH IS IIPOTHO3UPOBAHUS
CBOICTB Ha KOJIMYECTBEHHOM YPOBHE.

Ta6amna 6.17. 3HaueHUsT XUMUYECKOM KECTKOCTU JIUISI HEKOTOPhI KHC-
JIOT ¥ ocHOBaHUIi (3B)

Kucnots! OcHoBaHus

IMpoTon HT oo Dropuna F~ 7

AJIOMUHUI AIFF 45,8 | AMMuak NHj 6,8
JIntnit Lit 35,1 | I'mapun noH H™ 6,8
Ckananii St 24,6 | Okcun yriiepona (e[0] 6,0
Harpuit Na* 21,1 | Tugpokcun OH™ 5,6
Jlantan La’" | 154 | Unanun CN™ | 53
LnHK Zn?" | 10,8 | ®ochun PH; 5,0
Huokcun yrnepoga | CO, 10,8 | Hurpur NO; 4,5
Jlnokcun cepbl SO, 5,6 T'uapocynbhun SH™ 4,1
Von I, 3,4 | Meran CHj3 4,0

Konuenuusg 2KMKO nipusnaercst ganeko He BceMu. Cepbes-
HBII aHaJW3 TOKAa3bIBaeT, YTO KJacCUYeCcKue TpeacTaBIeHUS
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0 TePMOAMHAMUYECKOM 1 KMHETUIECKOM KOHTPOJIE B XMMUUC-
CKUX peakUMsIX aMOMIEHTHBIX COEAUHEHUI TAaKXe MO3BOJISIOT
MOJYYUTh aIeKBaTHOE, a MHOTAA JaXKe 0ojiee TOUYHOE OIMCaHue
atux mporeccoB. B 2011 romy B kypHane Angewandte Chemie
International Edition, oqHOM U3 CaMbIX aBTOPUTETHBIX XUMUYE-
CKUX M3IaHUM, TOSIBUJICS 0030p ¢ BeCbMa CUMBOJIMYHBIM Ha3Ba-
HueM «[Ipomanue ¢ npuauunom KMKO npu onucaHuu aMmou-
JNIEHTHOHN peakLMOHHON crocobHocTu» (Mayr H., Breugst M.,
Ofial A.R. Farewell to the HSAB Treatment of Ambident Reacti-
vity // Angew. Chem. Int. Ed., 2011, 50, 6470—6505). Ho cepbe3-
HBIE UCCIICIOBATENIN TTI0Ka HE CIIEIIAT PacCTaThCs C 3TOH IMojie3-
HOU Ka4yeCTBEHHOI KOHLEITLIUEH.

6.8. KuHetnyeckas u TepMOoJMHaMU4ECKaA
KUCJTOTHOCTb

3nauenus Epy nis razoBoii ¢asel u pK, s BOAHOTO pacTBopa
SIBJISTFOTCST TEPMOIMHAMNYECKUMY XapaKTePUCTUKAMU COOTBET-
CTBYIOIIMX paBHOBecuii. Ho cymiecTByeT M KUHETUYCCKUMA
aCIIeKT MPOOJIeMbI KMCIOTHOCTH. Pa3depeM ero Ha KOHKPETHOM
npumepe. Jdunzonpormmiamun tutus (LDA) erko mermpoToHn-
pyeT 2-MetminukiorekcatHoH (29) 8 TT'® npu —78 °C. Bra pe-
aKIMsI MOXET IPOTeKaTh IO NBYM HAIIpaBJICHUSM B CTOPOHY
eHojiaTa A u enonsta B (puc. 6.21). I1pu aT0i HU3KOM TeMITepa-
Type IeNPOTOHUPOBAHNE UACT MOYTU UCKITIOUUTEIHHO IO MEHEe
MPOCTPAHCTBEHHO 3aTPyAHEHHOMY TMOJIOXEHUIO C 00pa30BaHU-
eM eHoJigTa B. 3aMeTbTe TakKe, YTO U IO CTaTUCTUKE (B 3TOM
MOJIOXXeHUM JBa aToMa BOAOPOAA) 3TO HampaBieHue OoJjiee
npearoyTuTeibio. Ho TepMommHamudecku 06ojiee yCTOMUMB
JIMTUEBBIN eHOJIAT A. DTO «boJiee 3aMellleHHbII ojieuH». [Toa-
TOMY, €CJIV TIOCJIE TIPOBEACHUS pEaKIINU TeMITePaTypy IMOBBICUTH
¥ OaTh CUCTEME MPUUATU B COCTOSTHME PAaBHOBECHS, OH CTaHET
npeobiamamImM B cMecr. C TaKUMU CIIydasiMA TepMOIMHAMMK-
YECKOT0 M KMHETUYECKOTO KOHTPOJISI MBI BCTPETHMCSI B HAIIIEM
Kypce HEOTHOKPaTHO.
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Puc. 6.21. KuHetnueckuii 1 TepMOINHAMUYECKHIT KOHTPOJIb B PEaKIIUU IeTPO-
TOHUPOBAHUS 2-METUJILIMKJIOTreKcaHOoHa (29)

Ha puc. 6.22 nipuBeneHbl JaHHBIE O KUHETUYECKON U TEPMO-
JTUHAMUYECKON KUCIOTHOCTSIX ABYX O-TIOJIOXKEHUI B HECKOJb-
Kux KeToHax. JlernporoHupoBaHue ¢ momoubio LDA — onuH u3
BaXKHEHIIIMX METOIOB B XUMMU KapOOHWJIbHBIX COEIWHEHMWIA.
MBI ero OyaeM MHOTOKPATHO MCITOIb30BaTh. [103TOMY TT0I€3HO
3aIIOMHUTD: 0enpomoHuposanue kemonoe ¢ nomouivro LDA 6 ycao-
BUSX KUHEeMU4ecK020 KOHMPOAs NpU HU3KOU memnepamype no3eo-



0 0
©9) () Me g @) Oy R
(10) ©0) (34)
(87)
(53) f
H
0 0
/\)J\ Ph\)J\
C;H, CH CH
(16) (84) (14) (86)

(87) (13) 99) )]

Puc. 6.22. HanpaBieHust A1eNpOTOHUPOBAHUSI HECKOJIBKUX KETOHOB JIEHCTBUEM
LDA B ycinoBusiXx KWUHETUYECKOTO (KpacHble LU(MPbI) U TEPMOIUHA-
MUYECKOTO (CUHUE UMPBI) KOHTPOJIST

Asem noAYHUMb MeHee 3aMeuleHHblll eHoAIm, a nociedyrujee doge-
denue cucmembl 00 COCIOAHUSL PABHOBECUS NPOCIbIM NOBbIUIEHUEM
memnepamypsL npueooum K oopasoeanuro 601ee mepmooUHamuye-
CKU YCMOU4UB8020 eHOAAMA.

3akaHuMBasi 0OCYKIIEHNE TEMbI TI0O OPTaHUIECKUM KHMCIIOTaM
¥ OCHOBAHUSIM, 5 XOTeJI ObI OTMETHUTh, YTO 3HAUCHUS pK, T Op-
TAaHWYECKMX COCTMHEHUI B pa3HBIX PACTBOPUTEIISIX Ceifdac ¢ Xo-
poIIIeil TOYHOCTHI0O MOXHO pPaCCUUTHIBATDH, MCITONIB3YS METOIBI
KBaHTOBOI XMMUM BBICOKOTO YPOBHSI. B 3T0i1 006;1aCTU BBITIOTHS -
eTCST 3HAYMTEIPHOE KOJIMYECTBO padoT. OTIMYHBIM MPUMEPOM
MOTYT CJIYXXUTb pa®oThI Tpymibl mpodeccopa Muro Kpoccunra,
0 KOTOPBIX 1 yKe paccKasbiBasl. OOCTOSITENbHbBII 0030p BIUSTHUS
pacTBOpMTEIeld HAa CHIy KUCJIOT M OCHOBAaHMI MOXHO HaMTH
B HemaBHeit MmoHorpaguu B.G. Cox «Acids and Bases. Solvent
Effects on Acid-Base Strength» (Oxford Univ. Press, 2013).

Ionoanenue 1

B panbHeiiieM HaM YacTo NMpuAeTca BO3BpaLLaTbCA K NpoGrieMe BAWAHUA pacTBOpUTe-
NA Ha KOHCTaHTbl CKOPOCTU M KOHCTaHTbl PaBHOBECUA XUMUYECKUX MpoLieccoB. B cBasm
C 3TUM A NPUBOXY 34€Cb KOPOTKYIO CrpaBKy O CBOWCTBAX pacTBopuTenei, Haubonee
BaXKHbIX C 3TOM TOYKM 3peHuns. B HacTosLLee BpeMA B KavecTBe pacTBOpUTENell B Opra-



Jlonoanenue 1 352)

HU4ECKOM XUMUM ncnonb3yetca okono 300 XuAKOCTe U UX CMecel, HO K YMCTTY Hau-
6onee LWMPOKO Mcronb3yeMbix oTHocuTcs okono 30. Bnnanue pactsoputens Ha npo-
TeKaHWe XMMUYECKOro MpoLiecca OnpefesiaeTcs B OCHOBHOM AByMA XapaKTepucTuKa-
MA — €ro [W3NeKTPU4eCcKOi MPOHULAEMOCTBIO € W [JOHOPHO-aKLENTOPHbIMMI
(KMCNOTHO-OCHOBHBIMM) CBOMCTBaMU. [0 BENIMHMHE € Pa3NMHAlOT PacTBOPUTENM BbICO-
Kkoit (e > 50), cpeaneit (e ot 12 go 50) v Huskoi (€ < |12) nonapHoctu (Tabn. 6.18).
Habniogaetca cMBaTHOCTL B U3MEHEHUNM € M AUMOJILHOTO MOMEHTA |, HYTO A YXKe OT-
Meyan B fiekumm 3. MNonspHble pacTBOpPUTENM AENATCA HA NPOMOHHbIE, CMOCOBHbIE OT-
[iaBaTb MPOTOH aKLENTopy, U anpomoHHble. K unciy JOHOPHbIX pacTBOpUTENeN OTHO-
CATCA COeAMHEHUA, CNOCOBHbIE BbICTYMaTh B KA4YECTBE [JOHOPOB 3NIEKTPOHHbIX Nap, T.€.
ocHoBanuA Jlbtonca. Mx obLymM CBOWCTBOM ABMAETCA CMOCOBHOCTL COMbBATUPOBAThL
KaTMOHbI U Apyrve 4acTULibl, CNOCOBHbIE aKLENTUPOBATL 3/1EKTPOHBI (KUCNOTbI Jbton-
ca). K u1cny [OHOpHbIX pacTBOpUTENEil OTHOCATCA y)Ke U3BEeCTHble HaM N-AOHOpHbIe
OCHOBaHWA — aMuHbl, O-/JOHOPHbIE OCHOBaHWA — MPOCTbIE U CNIOXHbIE 3PUPbI, CUP-
Thl, anbAernabl U ketoHsl, JIMCO. XopolumMmn JoHOpaMK ABNAIOTCA TPUASIKUA- U TPU-
apundocduHbl. B kauecTse KonMHeCTBEHHONM Mepbl AOHOPHOCTM Yallle BCEro UCMosb-
3ytoT 0OHOpHble vucna [ymmaHa — TennoBoi 3¢dekT peakumn MpyU CMeLLMBaHUM
| Mona pactBoputensa ¢ | monem SbClg, koTopas ABNAETCA OYeHb CUILHOW KUCIOTOM
Jlbtonca. AKLENTOPHBLIMMA PacTBOPUTENAMM, KaK Bbl yXKe [JOraZlanuch, ABNAIOTCA KUCIO-
Tl Jbtonca v bpeHcresja, coenHeHus, cnocobHble aKLenTUpoBaTh 3MeKTPOHbI. K HuM
OTHOCATCA KUCNOThI, XNIOPODOPM, HUTPOGEH3ON W Apyrve 3neKTpOoHOAeULNTHbIE
apeHbl, a Takxe aMOTEPHble COeAMHEHNA — KapbOoHOBbIE KUCMOThI, CNUPTLI, peHo-
nbl. KonnuecTseHHas OLieHKa aKLIEMTOPHOM CUMbl PaCTBOPUTENA OCHOBaHA Ha XUMUYe-
CKUX CcABWrax Aaapa 3p g cnektpax AMP tpustundocurokenaa (CoHs)sP=0
B 3TOM pacTBopuTene. bonblMHCTBO pacTBOpUTEneil NPOABNAET Kak [JOHOPHbIE, Tak
M aKLENTOpHble CBOMCTBA B 3aBUCUMOCTU OT PacTBOPEHHOro BellecTsa. [lOHOpHbIe
1 aKLEenTOpHble YUC/Ia pacTBOpUTeNIel NpeAcTaBsieHbl B Tabn. 6.18.

Ta6nuua 6.18. [Quanektpuyieckne MNpOHULAEMOCTH, AUMONbHbIE MOMEHTbI, JOHOP-
Hble U aKLenTOpHble CBOWMCTBA HEKOTOPbIX LUMPOKO WUCMOJIb3YeMbIX

pacTeopuTeneit
PactBopurenn € p, D* A:I:IZI::;OG AKq:::;):::Hoe
AueToH 20,7 2,7 17,0 12,5
Auetonutpun 37,5 3,5 14,1 18,9
Bexzon 2,3 0,0 3,5 8,2
Boga 78,5 1,8 18,0 54,8
[ekcaH 1,9 0,0 0,0 0,0
[Oumetuncynsdokens 489 3,9 28,9 19,3
[umetundopmammua 36,7 3,8 26,6 16,0
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Ta6mump! 6.18 (oxoHUaHME)

PactsopuTent e 4, D HAoHopHoe | AkuentopHoe
Yucno Yucno
[vokcan 2,2 0,4 14,8 10,8
1,2-Ouxnopatan 10,4 1,75 0,0 16,7
[Ouatunoseiin apup 4,2 1,25 19,2 39
MertaHon 32,6 1,65 19,0 41,5
HurpobeHzon 34,8 4,0 8,1 14,8
HurpomeTaH 38,6 3,1 2,7 20,5
Mupnawn 12,3 2,2 33,1 14,2
Mponunexkap6oHat 65,1 50 15,1 18,3
Cynbdonar 44,0 4,8 14,8 19,2
TetparugpodypaH 74 1,7 20,0 8,0
TertpaxnopmeTaH 2,2 0,0 0,0 8,6
YkcycHas kuciota 6,2 1,5 15,0 52,9
®DopmMamng 109,5 3,4 24,0 39,8
XropucTbI MeTuneH 89 1,5 1,0 20,4
DraHon 24,3 1,7 19,6 379
DTtunauerat 6,0 1,85 17,1 9,3




JIEKUMNA 7

OCHOBbI CTEPEOXMINU

Ha nepebii B3rnag, HeT Huyero Gnwdke
K [eNCTBUTENIbHOCTU, YeM ee 3epKaslbHoe OT-
pakeHue. BepoATHO, UMEHHO MO3TOMY Tak WH-
TEepecHO U3y4aTb Ty HENpPOXOAMMYIO Mpo-
nacTb, KOTOpas oTAenseT nepsoe oT BToporo!

“Perhaps Looking-glass milk isn’t good to
drink,” Alice said to her cat.

CopepxaHue nekuum
7.1. TpeAMET 1 OCHOBHbIE NOHATUA CTEPEOXUMUN

7.2.

7.3

7.5.
7.6.
77.

7.1.1.
7.1.2.
7.1.3.
7.1.4.

7.1.5.

7.1.6.

XuparnbHble U axupanbHble 06beKTbI

KoHdurypauusa n koHdbopmauuma

MeTozp! MccneoBaHNA XMPanbHbIX MONEKy

DneMeHTbI XVUpasIbHOCTH

7.1.4.1. XvpanbHblit LeHTp

7.1.4.2. XupanbHas ocb

7.1.4.3. XupanbHan nnockocTb

7.1.4.4. XvipaneHas cnvpans

7.1.4.5. Tononornyeckan XmMpanbHOCTb

MNpoekunoHHble dhopMynbl Puiepa u cuctema Muronsaa — lMpenora —
Kana

MeTogp! onpeaeneHus abcontoTHOM KOHMUMYpaLMK XUPasIbHbIX MONEKyY

COe,qVIHeHVIﬂ C HECKOJIbKMMU 31€MEeHTaMUN XNPaJiIbHOCTU

. Pauematbi 1 koHrnomepatbl. MeToap! pasaeneHus ctepeonsoMepos
74.

['oMoTonMHbIe, 3HAHTUTOMHbIE U AMACTEPEOTONMHbIE OTHOLLEHUA FPYNn B MONeKynax
Crepeoxummnyeckas KoH$Urypauma 1 Gronornyeckue CBOMCTBA MOJEKy
DHAHTNOCENEKTUBHBIN CUHTE3. XUpanbHble peareHTbl U KaTanmusaTopbl
CrepeoxnMmuyeckme KpUTEpUM B UCCNEA0BAHNM MEXAHU3MOB XUMUYECKMX PEaKLIMi

7.1. peamMeT 1 oCHOBHbIE NOHATUA
CTEpeoXMum

Cmepeoxumuss — pasnes XUMHIECKOM HAYKK, B KOTOPOM M3yda-
eTCs TIPOCTPAHCTBEHHOE CTPOCHME MOJIEKYJI M €T0 BIMSTHUAE Ha
¢dusnyeckre U XMMUYECK1e CBOMCTBA BelllecTB. MBI yxKe 3HaKO-
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Jle Benb Xozed Awune BanTt-N'ocpp Axko6 Xenpuk

MBI C MCTOpHUEW TOSBICHUS CTEPEOXUMWYECKUX IPEICTaBIIe-
Huii, cpopmynupoBaHHbeix Banr-I'opdom u Jle benem, o yuem
s1 paccKasbiBajl B JeKIUU 1 aToro Kypca. C Toro MOMeHTa Ipo-
o 6osee 100 jger. 3a 3TOT nepuoa MHTEHCUBHOTO pa3BUTHUS
CTEPCOXMMMSI TIpeBpaTUIach B OOIIMPHYIO CaMOCTOSITCIHHYIO
00J1aCTh, B KOTOPOI chOPMUPOBATIUCH U BBIIEIWINCH KPYITHBIE
HampaBieHus1. HazoBem ux.

1. [Ilpeomemom cmamuueckoii (Kongpuzypauuonnoii) cmepeo-
Xumuu SIBJIICTCS OTIpeIeJICHIC KOHuzypauuii MOJICKYI.

2. [Ilpeomemom Konghopmauuonnozo anaiusza IBASICTCS UCCIE-
JIIOBaHWE TMHAMWYECKOTO TMOBEICHUS MOJIEKYJ B OTCYT-
CTBHME XMMUUYCCKMX PEAKIINIA.

3. Jlunamuueckas cmepeoxumus W3y4yaeT BIUSIHUE TIPO-
CTPAaHCTBEHHOTO CTPOCHMS Ha HampaBJICHUE W CKOPOCTH
peakuui.

4. MareMaTn4ecKoe OIMCaHNe IMPOCTPAHCTBEHHOTO CTPOE-
HUS YU TUHAMMKU MOJICKYJI — TIpeIMET TeopeTHYecKoi
CTEPEOXHMHUM.

7.1.1. XupajbHble M aXHPAJIbHbIE 00bEKTbI

MoJtekyiibl, KaK 1 Apyrue 00beKThl MaTepPUAIbHOTO MUpPa, MOLYT
OBITh Xupaavhvimu (OT TPEUECKOTO YELP — PYKa) U axupaibHol-



7.1. IIpedmem u 0CHOBHbIE NOHAMUS CMEPeOXUMUL @

XupajbHble 00bEKThI

3epkaio
14N Y il . J:
Mot ) —  * M
- / . HE COBMECTUMBI - { !

Jleasi pyka  [lpaBas pyka

AxupaibHbie 00beKThbI

3epkajo

-_ >
COBMECTUMBI

Puc. 7.1. XupanbHbie U axupajibHble O0bEKThI

mu (puc. 7.1). F'eomeTprueckast hurypa XupajabHa (00IagacT xu-
PaibHOCMbI0), €CJIM OHA HE COBIIAJAET CO CBOUM 3epKajbHbIM
oToOpaxeHueM, T. €. He MOXeT ObITb COBMEIIIEHA C HUM TOJIbKO
BpallleHUSIMU U MapaJuleIbHbIMU TIepeHocamMu. XupajabHas pu-
Typa ¥ ee 3epKaJbHbII 00pa3 Ha3bIBAIOT IHAHmMUOMOpPamu.

JIyn Tlactep B 1848 r. ycTaHOBWI, 4TO HaTpUilaMMOHUEBAS
COJIb BUHHOI KUCJIOTHI TIpU TemIeparype Huxke 27 °C KpucTa-
JIU3YeTCsl U3 BOJHOTO PACTBOPA B BUIE CMECU 9HAHTUOMODP(HBIX
KPHUCTAJIIIOB, KOTOPBIE OH pa3nevi MUHIIETOM, paccMaTpuBast
OI MUKPOCKOTIOM (puc. 7.2).

Puc. 7.2. DHaHTHOMOP(MHbIE KPUCTALIbI TAPTPATa HATPUSI—aMMOHUS
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Macrep Jlyu
(27.12.1822—20.09.1895)

«Dans les champs de I’observation, le
hasard ne favorise que les esprits

| 3-&;@7/

«lpu HabnrodeHusax cny4ali nomoza-
em mosibKo N0020MOoeJIEHHbIM yMaM)).

Kopotkyto 6uorpadpuyeckyto cnpasky o6
5TOM BbIJAIOLLIEMCS YESIOBEKE A YXKE MPUBO-
avn B nekumn |. Kak cbiH koxxeBHMKa 1 BeTepaHa HanoneoHoBckMx BOWH, poauBLUMIACA
BO (bpaHLly3CKOM MPOBUHLMM, CMOI MPOBUTLCA B KPYr Hay4HOM 3nuTbl? Al y3Han aTo,
MPOYNUTaB ero nosnHyto 6uorpacduto, NPOrnoTHe ee kak poMaH. B nncbMax k cectpam uz
konnegxa B Apbya, rge Mactep 6bin caMbiM MONOABIM YHYEHUKOM, HO TEM He MeHee
CTan MOMOLUHMKOM YHUTENSs, OH MULLET O TOM, YTO YCreX LESIMKOM 3aBUCUT OT «Kena-
HWA U TpyAa». W Tpyauncsa oH ¢ HEMCTOBBLIM YMOPCTBOM, MPOr/aThiBas HOYAMU COTHU
khur. OH nonyuun creneHb Gakanaspa uckyccte (1840 r.) u crenenb 6akanaspa Hayk
(1842 r.), npossuB BblgalOLLMECH CMOCOBHOCTU Xy[oXKHMKa. [acTenun n nopTpeTsl po-
AuTeneit U Apysen, HarmcaHHble [Mactepom B Bospacte |5 niet, Tenepb BbiCTaBfieHbI
1 XpaHATcA B Mysee MHcTtutyTa MNactepa B [Mapuxe. Benukuin ppaHLyysckmit Xy A0XKHUK
OxeH [lenakpya nucan o ToM, 4TO «yBneyveHue [lacTepa xumueit cnacno MHormx co-
BPEMEHHbIX €My XYAOKHUKOB OT UCKIIIOUUTESNBHO TaNaHT/IMBOrO KOHKypeHTay. Octpas
HabnoAaTeNbHOCTh, CBOMCTBEHHAA XyZOXHWKaM, BUAMMO, U nomorna [Mactepy same-
TUTb HUHYTOXKHOE Pa3/inyine SHAHTUOMOPGHBLIX KPUCTANIOB JABYX TUMOB.

BomHble pacTBOpPHI IOJIYYEHHBIX SHAHTMOMOP(MHBIX KpH-
CTaJUIOB OKa3aJIMCh UACHTUYHBIMU 10 BCEM CBOMM CBOMCTBaM,
3a UCKJIIOUeHreM oaHoro. OHM Bpalllajiy IIOCKOCTh IMOJIsipu3a-
LMY TUIOCKOIOJISIPU30BAHHOIO CBETa Ha paBHbIE YIVIBI, HO
B IIPOTUBOIIOJIOXHBIX HAPABIEHUSIX. DTO CBOICTBO MOJIYYMIO
Ha3BaHUE ONMUYECKOU AKMUGHOCHIU.

Hab6monenue IMactepa mocaykKuio OCHOBOM ISl CTEPEOXU-
muyeckoit runote3sl Bant-T'odda u Jle bens, cBs3asiueit auc-
CUMMETPUIO SGHAHTUOMOP(MHBIX KPUCTALIOB C TUCCUMMETpUEH
COCTAaBJISIOLINX UX MOJIeKYJ1. Tak ponuiach CTepeoXuMHUsl.

Cmepeousomepbt (npocmpaHcmeenHble U30MePbl) — MOACKY-
abl, umerouue 00UHAK0B0E Xumueckoe cmpoenue (m. e. umeroujue
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00UHAK0BbLI Ka1eCMEeHHbLI U KOAUHeCHGEHHbLI cOCMmas, MOAeKy-
ASIPHYIO MACCY U NOPAOOK CBA3BIBAHUS AMOMO8 Opye C Opyeom), HO
omauMarowuecs npocmpancmeenHoli kongueypayuei. Cmepeouso-
Mepbl, omauarouuecs opye om opyea Kak npeomem u eeo 3epKany-
HOe omobpacenue, HA3bIBAMC IHAHMUOMepamu VI onmude-
CcKUMU armunooamu.

7.1.2. Kondurypanus u KoHpopmManus

Kongueypauus v kongpopmauus — 0éa ocHoéHbix noHAMUS cme-
DPeoxXumuu.

Kongpueypauus — npoctpaHCTBEHHOE PACIIOIOXEHIE aTOMOB
WUIM TPYIII B MOJIEKYJIe, KOTOPOMY COOTBETCTBYET OIWH MJIN HeE-
CKOJIbKO MUHUMYMOB Ha ITOBEPXHOCTH MOTCHIIMAIBHON 3HEp-
MUY, TIEPEXOd M3 KOTOPHIX B MHUHUMYMBI, COOTBETCTBYIOILIME
IPYTUM KOH(UTYpalIMsIM, HEBO3MOXEH 0e3 pa3pbiBa U 3aMbIKa-
HUS XMMMYECKMX CBSI3€i, UTO B MOMAABJSIONIEM OOJBIITMHCTBE
cllyyaeB CBSI3aHO C MPEOJOJIEHUEM BBICOKMX DHEPreTHUYeCKMUX
6apnepoB (40—50 kkaa/Mouib 1 Bbile) (puc. 7.3a).

Kongpopmauyua — nipoctpaHcTBeHHas ¢opMa MOJIEKYJIbI,
B KOTOPOI MOXKHO IPOU3BECTH M3MEHEHNE B3aMMHOIO PacCIio-
JIOXKEHMST aTOMOB WJIM TPYIIN 3a c4eT JeopMallii TeOMETPUHU
(BHyTpeHHEee BpalllcHHe BOKPYT IPOCTHIX CBsI3eil) 0e3 M3MeHe-
Hus KoHpurypanuu. Ha 111D MUHUMYMBI, COOTBETCTBYIOIINE
YCTOMYMBBIM KOH(MOpMaLUSIM, pa3aeieHbl bapbepaMu (MaKCu-
myMbI Ha [1I19), BEIcOTa KOTOPBIX OOBIYHO HE TIpeBbImaeT 10—

a

Puc. 7.3. HeBo3aMoxHast KoHUrypauus () ¥ pa3iMuyHble BO3MOXHbIE KOHDOP-
Maluu (0) CTyIeHTa-XuMUKa
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Puc. 7.4. B xone BHyTpUMOJIEKYIISIPHOI BEIPOKIEHHO MEPETPYIITMPOBKU B MO-
JieKyJie OynbBajieHa KaXIblii U3 aTOMOB CKeJieTa MOCIe0BaTeIbHO 3a-
HHMMaeT Bce BO3MOXHBbIE MTOJIOKEHMSI B MOJIEKYJIe

20 kkayi/Moub. KoHopMalimm MoJIeKyJIbl pa3andaroTcs 1o CBO-
el TepMOIMHAMMYECKOI cTabuIbHOCTH (puc. 7.30).

Monarato, 4To Kaxzplit U3 BaC Cpasy >Ke OLLTUN HEKOTOPYIO YCTIOBHOCTb [BYX
BBE/EHHbIX 6a30BbIX MOHATUI KOHUypauus n KoHgopmauua. Hekotopas Heo-
NpefeneHHOCTb U PasMbITOCTb UX YyBcTByeTcA U B onpegenenunax MIOMAK. MIOTTAK
onpeaenseT KOHGU2ypauUIo Kak «pAcnosioxKeHUe amomos MOJIEKyIAPHOL Yacmu-
Ubl 8 NpocmMpaHcmee, omeeMCMEeHHoe 3a pAs3/u4us Cmepeou3oMepos, usomepus
KOmMopbiX He c800UMcA K KOH(popMauuoHHoU». B ceoto ouepesp, KoHgpopmauua
ornpejenAeTca Kak «NpoCMpaHCMeEEHHOe pacnosioKeHue damomos, no3eossluiee
npouzsecmu paznuyue mexdy cmepeousomepamu, Komopble mMo2ym nepexodums
dpye & Opyza nymem epawieHus 80kpyz popmaneHo npocmbix ceaselin. Kak Bbi nom-
HWTe, NPe/ICTaBMIeHNEe O XUMUYECKUX CBA3AX CMPaBeAsIMBO JIMLLb B PaMKax Onpe/esieH-
HOV1 MOZENM, W, KaK Mbl YBUAWUM B AasIbHENLLIEM, MHOTAA O4EHb TPYAHO PeLLTb, ABMACT-
cA M ceAsb, 06o3Ha4aeMas OAHONM HepTOW, coefMHAIOLLEN aTOMbI (T. €. pOpMabHO
npocTas), AeNcTBUTENbHO TakoBON. [1pyMepbI Mbl yxxe pazbupanu B nekumm |, rae 6bi-
NV BBEZIEHbI NPE/ICTABNEHUA O /leNIoKanu3aLmu. DHepreTuyeckan rpaHuLa Mexay NoHs-
TMAMU KOHGpuzypauua n KoHpopmauua Takke pasmbita. B ganbHeiiem B 3ToM
Kypce Mbl HEOAHOKPATHO BCTPETUMCA C Tak Ha3bIBAEMbIMU ((CMepeoXumMuvecKu He-
JKECMKUMU MOJIEKYIAMU)), KOHDUrYPaLMN KOTOPbIX MOTYT U3MEHATLCA YPE3BbIYai-
Ho nerko. K uncny Taknx coeamHeHuin OTHOCUTCA, HarpuMep, Mornekyna GynbBaneHa,
yrnesogopoaa CoH ¢ (I), koTopas npu KOMHaTHOV TeMnepaType MpeTepreBaeT BHy-
TPUMONEKYNAPHYIO MeperpynnupoBKy «caMa B cebA 1 B CBOM 3epKabHble oTobOpaxe-
HMA» (Takue neperpynnupoBKM Ha3blBAlOTCA 8bIPOXKOEHHBIMU) CO CKOpOCTAMM Gonee
| MnH pas B cekyHgy (!!!) (puc. 7.4). B xoae aToro npolecca Kaxzblii U3 aTOMOB CKe-
neTa NocneAoBaTesNbHO 3aHUMaeT BCE BO3MOXHbIE MOJIOXKEHNA B MONeKye.



7.1. IIpedmem u 0CHOBHbIE NOHAMUS CMEPeOXUMUL 36D

H,C  CH; CH; CH,
H5C CH; H5C
= CH; - —
H;C CHj; H;C CH;
CH; CH;,
: o e ©)
H;C CH;4
= CHj;
H;C CH;
L CHj3 i

Puc. 7.5. B renraMeTII06H30JIOHUEBOM MOHE METUJIbHBIE TPYTIIBI TPU KOMHAT-
HOI1 TeMIepaType CriocoOHBI OBICTPO TIEPEMEIATHCSI OT OHOTO YIJie-
pola KoJjibLia K APYroMy

MpvBeay ewe oavH npuMep. BoipoxaeHHas neperpynnupoBka B rentaMeTUnGeH-
3onoHnunesom uoe (Il). B HeM MeTunbHble rpynnbl NPy KOMHATHOM TeMnepaType Crio-
COGHbI BbICTPO MepeMelLaThCA OT OAHOTO yrnepoja Konbla K Apyromy (puc. 7.5).

C [ipyroit CTOpOHBI, CyLLECTBYIOT MOMEKYJbl, KOTOPble (POPMaSIbHO MOXXHO OTHECTU
K KOH(OpMepaM, B3aMMOMNpPEBPaLLiEHe KOTOPbIX BO3MOXHO TOJIbKO 32 CHET MOBOpPOTa
BOKPYF MPOCTbIX CBA3€M, HO BMOJIHE YCTOMUMBLIX MPU OBbI4HbIX TeMnepatypax. Mcto-
pYo MPeACKa3aHNA AMHAMUYECKMX CBOWCTB GyribBaneHa, ero CMHTE3a U UCCeZIOBaHWiA,
a TakKe CBEZEHWA O APYTUX KCTEPEOXMUMUYECKN HEXECTKUX MOJIEKYax» Bbl JIErKO Hal-
ZleTe B JinTepatype, a Takke B Moux nekumax no AMP (nekuma 7), koTopble BbINOXeHbI
no agpecy: http://www.chem.msuru/rus/teaching/ustyniuk-nmr-lectures/welcome.html.

41 mosaraio, YTO MOU YMTATEIU U CIIyIIaTeI1 3HAKOMBI C OC-
HOBaMM TEOPUM TPYIII, MTOCKOJbKY OHA M3y4ajach Ha BTOPOM
Kypce. [ToaTomMy 51 TipuBeay 31ech JUILIbL O0lIee OmNpeacieHue,
KOTOPOE ITO3BOJISIET BBIACIMTh XUPaJIbHbIE MOJICKYJIbI 10 KPUTE-
PO CUMMETPUHU.

Xupaavnvl MoaeKy1vt, He umeroujue 3epKaabHO-n080POMHOIL ocu
cummempuu S, (Hem naocKocmu u yenmpa cummempuu). Xupaao-
Hble MOAEKYabl NPUHAOACHCAM K MOYEHHbIM SPYRNAM CUMMempPUu,
UMeWUM 6 Kavecmee 31eMeHmo8 CUMMENPU MoAbKO NPochible
nogopomnste ocu. Imo epynnet C,, D,, T, O, I.
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Puc. 7.6. B 9TuX axupajbHBIX MOJIEKYJIaX TIPUCYTCTBYIOT TUIOCKOCTU CUMMETPUU
WM LEHTP CUMMETPUU
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Puc. 7.7. B monexkyne mpanc-1,2-1MaMMHOLIMKIIOTEKCaHA TPUCYTCTBYET OCh
BTOpOTO rnopsizika. OH CyIIECTBYET B BUIE ABYX SHAHTMOMEPOB

Harmpumep, MoseKysibl, TTOKa3aHHbIe Ha pHC. 7.6, axupab-
Hbl. B yuc- n mpanc-1,4-murunpoxkcurnmkiorekcanax (3) u (4)
M 1uc-1,2-auruapokcuumkiorekcate (5) cylecTByIOT MIOCKO-
CTU CUMMETPUH, a B MOJIEKYJIe O-TPYKCUIIJIOBOI KUCIIOTHI (6) —
LIEHTP CUMMETPUH.

B otimmume ot atoro mpawuc-1,2-muamMmuHOLMKIOreKcaH (7),
iockast hopMysa U KpecJoBUIHbIE KOH(OPMAIMM KOTOPOTO
MOKa3aHbl Ha pUc. 7.7, CYyLIIECTBYET B BUIE Mapbl 9HAHTUOMEPOB,
XOTSI B 9TOU MOJIEKYJIE ECTh OCh BTOPOTO MOPSIIKA.

AXUpaIbHYIO MOJIEKYJTY Ha3bIBAIOT NPOXUPAALHOIL, SCIIA el -
HUYHBIM CTPYKTYPHBIM M3MEHEHUEM B HEll MOXHO 00pa3oBaTh
XUpabHbI pparmeHT. [IpuMepoM MOXET CIyXUTb STUIOEH-
3071. [Tpu 3amenieHnr OJJHOTO U3 aTOMOB BOAOPO/A B O-TIOJIOXKE-
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Puc. 7.8. Monexynbl IPUPOIHBIX A-aMUHOKHUCIOT XUPAJIbHBL

HUU K apoMaTUYeCKOMY SIIpY, HampuMep Mpu OpOMUPOBAHUU,
BO3HMKAET XUPAJbHBINA LEHTP, IOMEUYECHHBIN 3BE3M0YKOI:

C,H;CH,CH, 22~ C,H,CHBrCH,

3adaHue: Hapucynte ele HECKONbKO MPOXUPasibHbIX MO-
NEKYN U YKaXKUTe Ha CTPYKTYpaX MOMOXKEHME NPOXMPanbHbIX
LIEHTPOB B HUX.

I/ITaK, B aXI/IpaJ'IbHOﬁ Cpeac ananmuomepst UMCIOT OAMHaKO-
BbI€ XUMMNYCCKUE N d)HSI/I‘ICCKI/IC CBOWCTBA U omau4aromcs ()pye
om Opyza auutb CROCOOGHOCHIBIO 6PAULANTb NAOCKOCHb NOAAPUAUUU
NAOCKOROAAPU306AHH020 ceema Ha Ol)llHaICOGylo eéeauvuny yeaa, HO
6 NpOmuUBONOAOHCHBIX HANPAGACHUAX. buonornuecku BaxkHbIE
MPUPOAHbIE COeAMHEHUS (AMUHOKUCIOTHI (puc. 7.8), MOHOCa-
Xapubl U 1p.), KaK MpaBWIO, XUPaTbHbI. B XUBBIX opraHn3mMax
OHM TIPUCYTCTBYIOT B OOJIBIIMHCTBE CJIyd4aeB B BUIE OIHOTO
OHAaHTHOMCEDPA, T. €. BCC XKMBbIC OPraHU3MbI 2OMOXUPAIbHBL.

B Halueit cTpaHe aKTMBHbIM CTOPOHHMKOM UAeit [NacTepa 6bin akagemuk B.M. Bep-
Hagckui (1863—1945). B 1931 r. oH BbicTynun Ha 3aceaanum JleHnHrpagckoro obue-
CTBa ecTecTBOMCHbITaTENEN C AoKNaAoM «O6 ycnoBusx NOABNEHUA XKU3HU Ha 3eMney,

B KOTOPOM OGBABUN AUCMMMETPUHHOCTL MPOCTPAHCTBEHHOM CTPYKTYpbl MONeKyn ¢yH-
[laMeHTaNbHbIM NMPU3HAKOM XMBOW MaTepuu.

BonbIIMHCTBO MPUPOAHBIX KaTaau3aTOPOB-(PEPMEHTOB XM-
pPaJIbHO U «HACTPOEHO» HAa aKTUBALIMIO CYyOCTPATOB CTPOTO OMNpe-
JIeJIEHHOW cTepeoxuMuueckoil KoHdurypamuu. Ilpupoma kak
caMblIii CEpbe3HbIil BBI30B OpOcaeT XUMUKaM-OpraHUKaM 3aJauy



Jlexyus 7. Ocnogvl cmepeoxumuu

C

HAYUUTHCS TPOBOAUTH IHAHMUOCEACKMUGHDLI CUHMEe3 B XUMUYe-
CKoI1 tabopaTopnu. B KOHIIE 3TO¥ JIEKIIMM MBI BEpHEMCS K 3TOM
3ajayve.

7.1.3. MeTopl HccieI0BAHUS XHUPATbHBIX MOJIEKY.I

KoHeuHo, misg u3ydeHMs] XMPaIbHbIX MOJIEKYJ IPUMEHSIOTCS
BCE CTaHOAPTHBIC CTPYKTYpHBIE W CIIEKTpPaJIbHBIC METONBI —
PCA, AMP, onTtuyeckasi CHeKTPOCKOIUSI, MacC-CIIEKTpOMe-
Tpust. g paziMyeHUs] SHAHTMOMEPOB U IPYIMX ONTUYECKUX
M30MEPOB UCTIONB3YIOTCS Xuponmuyeckue memodsl. OHU TOTIK-
HBI OBITh BaM 3HAKOMEI IO CTaHAAPTHOMY Kypcy (DM3WKHU, TIe
pa3bupannch B pasielie «ONTUKa». 31eCh s1 IPUBEILY KOPOTKYIO
CIIPaBKY TOJIbKO B IOpsiiKe HarmoMuHaHus. Cxema U3MepeHusI
OIITUYECKOM aKTMBHOCTHM PacTBOpPA BEIECTBAa C ITOMOIIBIO TT0-
JIIpuMeTpa nmoka3aHa Ha puc. 7.9.

B kauecTtBe MCTOYHHMKA CBeTa B IOJISIPUMETPE OOBIYHO MC-
TIOJTb3YeTCSl HATpHUeBas JlaMIla, Halollas WHTCHCUBHYIO D-nm-
HUIO ¢ JJIMHOI BOJHBI A = 589 HM. Tlociie npoxoxaeHust yepe3

Puc. 7.9. CxemMa u3MepeHUsT ONTUYECKONW AKTUBHOCTH C TTOMOIIBIO TOJSIPH-
MeTpa:
1 — MCTOYHMK CBeTa, 2 — HEINOoJISIPU30BAHHbIN CBET, 3 — MoJisipU3a-
TOp, 4 — MOJIIPU30BAHHBII CBET, 5 — KIOBETa C paCTBOPOM BellleCcTBa,
6 — omruyeckoe BpamieHue (3mech — 30°), 7 — aHanu3arop, 8 — Ha-
GonaTesb.
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rossipu3aTop (mpu3ma Hukoirst) ayd cTaHOBUTCS TIIOCKOIIONSI-
pU30BaHHBIM. B pamMKax KiraccmaecKoil TeOpUH TIIOCKOIIOSIPU-
30BaHHYIO CBETOBYIO BOJTHY MOKHO TIPEICTaBUTh KaK KOMOWHA-
LIMIO JIEBOTO M IMPABOIo LIMPKYJISIPHO TOJISIPU30BAHHBIX JIydYeid,
JBUTAIOIIMXCSI C OMMHAKOBBIMU (ha3aMM U paBHBIMU aMILIATYydA-
Mu. M3 Kypca ¢pU3MKU MBI YK€ 3HaeM, UTO B KOHICHCUPOBAHHBIX
cpemax CBeT IBUTAETCS ¢ MEHBIIIE CKOPOCThIO, UeM B BaKyyMe,
a OTHOIIIeHNE (ha30BBIX CKOPOCTEH CBETa B BAKYYME U B U30TPOII-
HOI cpe/ie paBHO TTOKa3aTesIo TPEeIOMIICHUST JTaHHOW Cpebl 7.
B nexuumu 4 aToro Kypca (pasaen 5) yxe ObUIO paccka3zaHo O TOM,
Kak TMOJISIpU3yeMOCTb MOJIEKYJI CBsI3aHa C TToKa3aTesaeM IpeaoM-
JieHus1. CKOpOCTHU MPOXOXKICHMS JIEBOTO U TIPABOTO LIUPKYJISIPHO
TTOJISIPU30BaHHBIX JIydei Yepe3 XUpaIbHYI0 Cpely He OMMHAKOBEI.
B pe3ynbraTte Ha BbIXOIE M3 KIOBETHI MEXKIY STUMU JIydaMU BO3-
HUKAaeT pa3HoCTh (ha3. DTO MPUBOAUT K MMOBOPOTY MJIOCKOCTHU MO-
JIIpU3aliy JIy4ya, YTO U MOXHO M3MEPUTH C TTIOMOILBIO aHaIn3a-
Topa. AHaJaM3aTOp — TOYHO Takasl ke npusma Hukoms, kak
u nojsgpusatop. ONTUYECKW aKTMBHAs Cpela, COCTOsIIas U3
CMeCH aKTHBHBIX M HEaKTUBHBIX MOJICKYJI, TTOBOPAUYMBACT TLIO-
CKOCTb TIOJISIPU3ALINH TIPOIIOPLIMOHATBFHO KOHIICHTPAIIUM OITH-
YecKM aKTUBHOTO BelllecTBa. Pe3yinbraThl MI3MEpeHUI TpeIcTaB-
JISIIOTCSI B BUIIE BEJIMUUH y0eabHO20 onmu4eckozo spaujenus [o] p,
KOTOpBIE OIIpeaeIsitoTcs 1Mo dhopmyde (7.1):

¢ =[a],Cl (7.1)

3neck [a] ) maeTcs B Tpamycax, eciiv [ usmepsieTcs B AelMe-
Tpax, a KoHueHTpauss C — B rpaMMax ONTHUYECKH aKTUBHOTO
BeIIeCTBAa HAa MIUIMUIMTP pacTBOpa. DTO OYeHDb BaKHasI XapaKTe-
pUCTHKA KaXIOTO XUPAJbHOTO coennHeHrs. Bemmunna [al ) 3a-
BUCHT TaKKe OT PacTBOPUTENIS M TeMIlepaTyphl. TemIiepatypy
YKa3bIBalOT BEPXHUM MHAeKcoM. Tak momyyaeM [a]2’. Mossip-
Hoe BpaleHue [M], paBHO yAeJIbHOMY BpPAIICHUIO, YMHOXKEH-
HOMY Ha MOJICKYJISIpHYIO Maccy 1 neieHHomy Ha 100. Benumauab
[a] u [M] 3aBUCIT OT JIMHBI BOJHBI. M3y4yast 3Ty 3aBUCUMOCTb
(IuCIiepcHIo ONITHYECKOTIO BpAIeHMST), MOKXHO TIOJIYYUTh IIO-
MOJHUTENbHYIO LIEHHYI0 HWH(pOpMaLMI0. DTOT BOMpoc OyAeT
paccMaTpuBaThCs B CIELUMAIBHOM KypCe IO CTEPEOXUMUM.
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ONTUYECKYIO YUCTOTY COCAUHEHUsT P IO TaHHBIM CITEKTPO-
TOJISIPUMETPUM OLICHUBAIOT KaK OTHOIICHUE SKCIIEPUMEHTAb-
HOTO HaOJI0IaeMOT0 YIEeJbHOTO BpallleHUsT BEellecTBa K yaeb-
HoMY (aOCOJIOTHOMY) BpallIEHUIO0 YUCTOTO IHAHTUOMEPA, U3Me-
pEeHHOMY B Tex e YycioBusX. B nuTepaTtype B KayecTBe
XapaKTEePUCTUKU ONTHUYECKON YMCTOTHI OUYEHb YacTO MCITOJIb3Y-
10T 3HAUEHUS IHAHMUOMEPHO20 u30bimka (3.M. WIA, B aHIJIO-
SI3BIYHOM JIUTEpaType, ee):

P [(X]E[HHHOI'O 06pa3ua X 100

[(x] YUCTOIO 3TaHTUOMEpPA

_E-F*
S.H.—WXIOO

(7.2)

3nece £ — MoJibHAsI IOJSI SHAHTUOMEpA, HaXOMISILErocs
B U30BITKE, a £* — MoJIbHasI 10JIs1 APYTOro SHAaHTUOMeEDpa.

B Hacrostiee BpeMs IUIST OTIpeIe/ICHUST ONITUYECKOM YMCTOTHI
XUPAIBHBIX COCAUHEHNI IMMPOKO MpuMeHsIoT SIMP ¢ ncmonb-
30BaHUEM XHpPaJbHBIX CABUIAIOIIMX PEarecHTOB U BBICOKOI(-
(hbeKTUBHYIO XMKOCTHYIO XpoMartorpaduio (BDXKX) ¢ ucnonb-
30BaHMEM XHpPaJIbHBIX (a3.

7.1.4. DeMeHTbI XUPATbHOCTH

7.1.4.1. XupaJbHblii IeHTP

[IpencraBaeHue o TeTpadIPUIYECKOM aTOME YIiepoa Kak o Mpo-
CTEHIIeM 3JIEMEHTE XUPaJTbHOCTH, KaK MBI yKe 3HAaeM M3 Mare-
puana jgexuuu 1, 6b10 BBeneHo Bant-I'odpdom u Jle benem.

Ecau mempasdpuueckuii amom yeaepoda céasan ¢ 4emoipbms
PABAUMHBIMU 3AMECHUMEeAIMU, 110 MONCHO NOAYHUND 06e U MOAb-
K0 d6e MoaeKyabl, omauarouiiecs opye o opyea Kak npeomem u e2o
3epkaavHoe omoopaicenue.

OpmHako B KavyecTBe XMPAJTbHOTO IIEHTPAa MOXET BBICTYMATh
W IPYrOl TeTPpa’3ApUYECKU aTOM, HalIpUMep, aTOM a30Ta B YET-
BEPTUYHOM aMMOHHMEBOI COJIM, aTOM KPEMHMS B MOJIEKYJIE Op-
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Puc. 7.10. Mosnekyna MOJJOYHOI KUCJIOTHI (8) C XMpalbHBIM aTOMOM YIJIepo/a,
LIMKJIOTNIEHTAaINEHUIBHBIN KOMITJIEKC MapraHIia ¢ XMPaIbHBIM aTOMOM
mapradua (9) u merui(l-nHabtun)benuncuwnad (10) ¢ xupaabHbIM
ATOMOM KPEMHMsI

raHOCWJIaHA WJIM aTOM MapraHia B IHMKJIOIECHTaINCHIIBHOM
komriekce (puc. 7.10).

Ponb ogHOro U3 3amecTuTeNieil B XMpaJbHOM IIEHTPE MOXET
BBITMIOJIHSITh HETIOMEJeHHas mapa 3JIeKTpoHoB. Hampumep, Tpe-
TUYHBIC ¥ BTOPUYHBIC AMUHBI C TPEMsI pa3TMIHBIMHA 3aMECTUTE-
JIIMH y aTOMa a30Ta JOJIKHBI CYIIeCTBOBATh KaK Maphbl SHAHTHO-
MepoB. Ho Takue sHaHTHOMEpHI TP KOMHATHOM TeMIIepaType
OBICTPO MEPEXOAST APYT B ApYyra 3a CUET MHBEPCUU MTMpaMUAaIIb-
HoOro atoMa a3oTa (puc. 7.11), 6apbepbl KOTOPOI OOBIYHO JIeXKaT
B muana3zoHe 10—15 xkan/Moiab. BeI yxke 3HaeTe 13 Kypca Heop-
TaHWYECKOM XWUMMH, YTO aKTHUBAIIMOHHBEINA Oapbep WHBEPCUM
B MOJIEKyJle aMMmuaka COCTaBIsieT Bcero 5,8 Kkaj/MoJb
(24,2 xIx/Mo1b), U, MTIOCKOJBKY 3TOT Oapbep OYEHb Y30K, MPO-
1IeCcC MPOTEKaET M0 TYHHEIbHOMY MEXaHU3MY.

ITnockoe
MePEeXOHOe COCTOSTHUE

Puc. 7.11. DHaHTHOMEpHBIE TPETUIHBIC aMIHBI TIpH Temriepatypax Beie 0 °C
CMOCOOHBI OBICTPO MEPEXOINTH APYT B APYTra 3a CUET MHBEPCUU aTOMa
azora
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DTOT TIpollecC MOXHO OCTAaHOBUTH, BKIIIOYMB aTOM a30Ta
B JKECTKYIO KapKacHyo cTpykTypy. [IpuBeny asa npumepa. MH-
BepcHsI a30Ta B XMHYKIUAnHE (1-a3admimkio[2.2.2]okrane) (11)
HEBO3MOXHa, a IMO3TOMY aTOM a30Ta B HECHMMMETPUYIHO 3aMe-
IIEeHHBIX XUHYKJINIMHAX SIBJISICTCS XUPaTbHBIM IIeHTpoM. K umc-
JIy TAKMX MOJIEKYJT OTHOCUTCS, B YaCTHOCTHU, XMHUH (12).

OH/\

-
#

7/

N
LA
(@)

(1 (12)

B ocnHoBanum Tperepa (13) n1Ba mupaMugaIbHBIX aTOMa a30-
Ta HaxoJATCsl B XXECTKOM KapKacHOW cucTteme, u 0b6a OHM He
CIOCOOHBI K nHBepcuu. [103TOMy 3TO coennHeHre MOXKHO pa3-
JIeJIUTh HAa DHAHTUOMeEDHI (puc. 7.12).

/CH2 -
N
H2C<
N
\ CH3
CH,
(13)

H,C CH,

Puc. 7.12. OcHoBanue Tperepa (13) cyiiecTByeT B BUE ABYX CTAOMUIbHBIX SHAH-
THOMEPOB
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Bapbep MHBepcuMM MNUPAMUIAILHOIO a30Ta CYLIECTBEHHO
BO3pacTaeT IMPH BKITIOYECHUU aTOMa a30Ta B TPEXWICHHBINA IIKIT
U IIpY BBEICHUM K a30Ty 3JIEKTPOHOAKILIENTOPHBIX 3aMECTUTE-
neii. Hanmpumep, N-xmopasupunut (14) ObUT pa3meiicH Ha SHaH-
THOMEPBI, KOTOPbIE YCTOMYMBHI IIpU TeMItepaTypax Hike 0 °C.

CeHs
CeH;s
N—Cl
(14)

Tpetuunbie pochuHbl U CyTbPOKCUIBI KOHPUTYPALMOHHO
0oJjice YCTOMYMBBI, YeM TPeTUYHbIe aMUHBI. Bapbep uHBepcuu
tst Tipocreiinrero (ochuna PH; cocrabnster 31,6 Kkay/mMoiib
(132 xJIx/MoI1b), a ISt TPETUYHBIX (DOCHUHOB Oaphephbl OOBIYHO
MpeBbIIaoT 35 KKaji/Moib. [103TOMYy SHaHTUOMEPHO YHCTHIC
¢docunbl, Takue Kak (15), BIIOJIHE YCTOMYUBBLI TPU KOMHATHOI
TeMIIepaType U A0CTYMHbI. OHM LIMPOKO UCIIOIb3YIOTCS KaK JIM-
raHabl B METAJJIOKOMIIEKCHOM KaTajiu3e IMpU MpPOBEACHUU
SHAHTUOCEJEKTUBHBIX CHMHTEe30B. Harmpumep, pomueBbie KOM-
IJIEKCHI XM PaJIbHBIX TpeTHIHOTO (pochrHa (16), a Takke mudoc-
¢una (17) maroT mpekpacHbIe pe3yabTaThl IIPU SHAHTHOCEIICK-
THUBHOM TUIPUPOBAHUU HETpeAeTbHEBIX cyocTpaToB. K aT0I pe-
aKIIMU MBI e1lle BEepHeMCsI B KOHIIE Halllel JeKIIMHU.

P Ph T\M
€
/ CH,CH,CH,
(15) (16)

CH;, MeO
[a]7) = +35°

OMe

P P..,

i\ /\"Ph a7)
Ph

MeO
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Cynsdoxkcumsl (18), ecnmm oprannueckne pagukansl R; 1 R,
B HUX pa3JIMYHbI, COAEPXKAT XUPaJIbHbII aTOM cephl. Takxke Xu-
paabHBI 3GUPH CYThOUHOBBIX KUCIOT (19) 1 comu cynbdoHUs
¢ TpeMs pasHbiMu pagrkaiaMu R (20) (puc. 7.13). Bo Bcex aTux
MOJIeKyJIaX KOH(UTYpPALIMI0 aTOMa Cephl A0 TEeTPadapUICCKOM
TOTIOJTHSIET HEIoeJIeHHas Mmapa 3JeKTPOHOB. MHOrue 13 HUX,
Harpumep (21), ObLIM pa3nesieHbl Ha 9HAHTUOMEpPHI. B meiicTBr-
TEJbHOCTU Cepa MMeeT KOH(UTYpalMI0 MCKAaKEHHOIO TeTpad-
Ipa, 94TO JIETKO BUAETHh Ha IPUMEpPE CTPYKTYPHI TUMETHICYIIhb-
doxkcuma (puc. 7.14).

K uumcny xupaibHBIX CYJIB(GOKCHIOB OTHOCUTCS HECKOJb-
KO BaXXHBIX JIEKAPCTBEHHBIX ITpernapaTtoB. OOWH U3 HUX — 330-

0 0 R
[ =@ ] :
R SR RV OR R OOR? R OR?

(18) (19) 20)

S

H,C 7 o
CH,
[a]) = +252°
21

Puc. 7.13. Xupaneubie cynabbokeuasl (18) u (21), ahupsl cyabOUHOBBIX KUC-
J10T (19) u conu cynbdonus (20)

O
| 105,1°
S

186,2pm | &_98:0°
3

167,8 pm
i

Puc. 7.14. CtpykTypa 1MMeTUICYIb(OKCHAA IO JAHHBIM 3JIeKTpOHOTrpadumn
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Memnpa3on, (S)-5-metokcu-2-[(4-MeTOKCH-3,5-TUMEeTHIIITNPU-
IWH-2-un)Metuncyabdunaun]-3 H-6eHzoumuaaszon  (22). 3to
MOIITHOE MPOTUBOSI3BEHHOE CPENICTBO SIBJISIETCST OJIOKATOPOM Ce-
KPELUH COJITHOI KMUCIIOTHI.

H,CO N
o
N~ Ns? T CH,
H
; OCH,
CH,
(22)

7.1.4.2. XupanbHas oCb

Xupaavhyro ocb 1€TKO IOJIYYUTh, MbICJIEHHO «PaCTSTMBasT» LIEHTP
xupajabHocTu (puc. 7.15):

> >
N N
N\ N\

—_—

XUPAJIbHBIN LIEHTP XUpaJIbHast 0Ch

Puc. 7.15. TpanchopMauusi XMpajabHOTO LEHTPA B XMPATbHYIO OCh

DTOT 3JIEMEHT XUPaJTbHOCTH Yallle BCETO BCTpPEeYaeTcs B Ky-
MyJIeHAX, TIPOCTEHIINMU M3 KOTOPBIX SBIISIOTCS ajuleHbl. OHU
XMpaJbHbI TOJBKO B TOM cCllydae, ecii 00a KOHLIEBBIX aToma
yriepojaa B HUX 3aMelleHbl HeCUMMETPUYHO (puc. 7.16).

BoigeneHo u uzydyeHo 6osee 150 mpupoaHbIX ajlieHOB, 0O0JIb-
IIMHCTBO M3 KOTOPBIX XMPabHEI. BOT IBa mpuMepa — IT010BOI
(epoMOH OTHOTO U3 BUIOB XYKOB (23) M OMWH U3 CHJIBHEHIIINX
AHTUOMOTUKOB MUKOMULIVH (24).
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H,C H H,C H
=O=§ >:O_§
H,C H H,C CH,
AXUpaJIbHbI
CH, | HC
H /,," o } H ’ \\\\\ H
tRodl iH H> e,

[Mapa sHaHTHOMEPOB

Puc. 7.16. AnjieHbl XUpaabHbI TOJIBKO B TOM Clly4ae, ec/ii 00a KOHLIEBBIX aTOMa
yriepoja B HUX 3aMeLeHbl HECUMMETPUYHO

CO,Me HOOC
_) H H
/? L >
) /
/ [a]7) = —130°
(23) 249)

3aMeThTe, 9TO B KyMYJICHAX IIPH JTI000M HEYCTHOM UHCIIC KY-
MYJIMPOBAaHHBIX IBOMHBIX CBS3€i YeThIpE KOHIIEBBIC TPYIIITBI
pacroJjiaraloTcs yxke He B Pa3HBIX IUIOCKOCTSIX, a B OMHOM IIJ10-
ckocTu. Takue MOJIeKYITbl aXUPaJTbHBI, HO IIJIST HIX HaOJTI0JaeTCs
Yuc-mpanc-u3oMepus.

Ho mpu 4yeTHOM umcie KyMyJIMpOBaHHBIX JTBOWHBIX CBSI3CH
BO3MOXHO TosIBIeHre XupaibHoii ocu. Hanpumep, 1,3-nu(1-Hag-
in)-1,3-gudennnamiex (25) 661 pa3aesieH Ha SHAHTUOMEPHI.
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soles

[a]F) = +437°
(25)

//// \\\\

Ecnu ogHy mau o0e OBOMHBIE CBSI3M CUMMETPMYHO 3aMe-
IIEHHOTO aJlJIeHa 3aMEHUTD Ha LIMKJIMYECKYIO CUCTEMY, TO TIOJTY-
YeHHbIE MOJIEKYJ/IbI OYIyT TOXe 00JIafaTh aKCUAIbHON Xupalib-
HOCThlO. Tak TIOSIBJISIETCSI OCeBasi XUPAALHOCHb CRUPOUUKAOB
U UUKAOAAKAHOG C IK30UUKAUMECKOU 060liHoU céa3bio. T1osToMy
coenuHeHust (26) u (27), a Takke CIUPOAUKETOH (28) XupanabHbI.

NH H
H_ CH; )
C
(26) Q7
H 'NH,
Wy ///,
SN Z o (29

o
o
@)

B 6udenunax, cogepxammx 4 00beMHBIX 3aMECTUTEIIS B 0p-
MOo-TIOJIOXKEHUSIX 000MX (PEHMIIBHBIX sSIep, BpallleHue BOKPYT
neHTpanbHoi cBasu C— C 3atpyaHeHo. [ToaToMy 6eH30/IbHbBIE
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C

LIUKJIBI HE JiexXaT B ofJHON 1utockoctu. [lo ananoruu ¢ anneHa-
MM, eciii 00a KoJiblia 3aMellleHbl HECUMMETPUYHO, MOJIEKYJa
npuodpeTaeT XupajibHOCTh (puc. 7.17):

0,
AxupaieH
(29)

Puc. 7.17. AxupajibHblii U XUpaJIbHbIIA OMbEHUITBI

B TpuszamemeHHbIX OMdeHuaax dapbepbl BpallleHUsT CyIle-
cTtBeHHO HIke. Hampumep, o6udenmn (31) MoXHO pa3neauTh Ha
SHAHTUOMEDPHI, HO B CIIUPTOBOM pacTBope Ipu 25 °C oH MOJHO-
CTBIO palleMU3YeTCs 32 9 MIH.

NO,
O'CH,
COOH

M CcKITI0YNTENIBHO MHTEPECHBIM M BAXKHBIN KJIACC XMPaIbHbBIX
JIMapUJIOB COCTaBISIOT 1,1’-au3aMeltieHHbIe OMHA(DTWIBI ¢ 3a-
MECTUTEISIMU B TIoJoxXeHUsIX 2 u 2’. TIpocTpaHCTBeHHBIE Tpe-
MSTCTBUSI IJIsl BpalLlleHWs BOKPYT CBSI3U, COEOMHSIOLIEH siapa,
OKa3bIBAIOTCSI CTOJIb OOJIBIIMMMU, YTO TaKWE MOJIEKYJIbI CYIIe-
CTBYIOT B BHUJI€ CKPYYEHHBIX KOH(MOPMALMii, B KOTOPBIX ILIOC-
KOCTM apOMaTUYEeCKMX LMKJIOB IOYTH B3aMMHO MEPIEHIMUKY-
JapHbl. B KauecTBe nmpuMmepa Ha puc. 7.18 mokazaHo cCTpoeHue
MoJieKyabl  2,2-puruppokcu-1,1’-6unadtmna  (32)  wiwm
BMHOJIa (BINOL). OH, a TakxXe COOTBETCTBYIOLIMIA AUDOC-
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OH
\\\\OH

BUHOIJI
32)
=
\
® PPh,
_ PPh,
N
BUHAII
33)

Puc. 7.18. BUHOJI u BUHAII — xupajibHble JUTaHIbl, IIUPOKO HCIIONb3YeMbIe
B METAJIOKOMITIEKCHOM KaTaJln3e

¢dur BUHAII (BINAP, 33) ierko paciierisiioTcs Ha SHaHTHO-
MepBI M OUeHbB IMPOKO MCITOIB3YIOTCS KaK XUpaTbHBIC JINTAH BT
B METAJJIOKOMITJICKCHOM KaTaJlu3e.

7.1.4.3. XupajbHas INIOCKOCTh

Y Monekya, B KOTOPBIX TPUCYTCTBYET XUPAAbHASL NAOCKOCHIb,
MOXHO Pa3IMuUTh «BepX» U «HU3», a TAKXKe «IPaBylo» U «Je-
BYy10» CTOpOHBI. [IpriMepoM coearHeHUH ¢ XUpaTbHOM MIOCKO-
CTBIO MOTYT CJIYKUTb ONITUYECKN aKTUBHBIC TIPOM3BOIHEIC 3aMe-
EeHHBIX deppolieHoB (34) Wi XpOMTPUKApOOHUIIbHBIN KOM-
IIeKC au3ameleHHoro 6eH3oa (35):
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3epkajo
(34)
A i A
B | B
Cr , Cr
co’l>o | co’ 1l >co

Cco 5 CcO

(35)

XupanbHbIMU ~ SBASIIOTCA  Takke mnapauukiaodan  (36)
" mparc-1UKI00KTeH (37), KoTopble OB pa3mecHBI Ha OITH-
yeckue aHTunonbl. K ocobbIM CBOMCTBAM mparc-1IMKIOOKTEHA
MBI BEpHEMCS T03XKe, Korna 0yneM u3ydyaTb XUMUIO OJ1e(UHOB.
DTO camblil MaJIeHbKUI TIO pa3Mepy LMKIA YCTOWUYMBBINA MpU
HOPMAaJIbHBIX YCJIOBUSAX LUKIOOJNCPUH ¢ mpaHc-ABOMHON CBS-
3b10. OH Ha 38,5 kJIX/MO0JIb MeHee YCTOMUMB, YeM ero yuc-u3o-
Mep.

HZC/Q\CHZ
H,C CH, 74
H

CO,H
(36) 37

Vi AN
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Kaxk MBI yke Buaenau, MCUE€3HOBEHUE HEKOTOPHIX 3JIEMEHTOB
CUMMETPUH B CTPYKTYPE MOJIEKYJ M TOSIBJIEHWE XUPaJTbHOCTH
MOXET OBITh OOYCIIOBIICHO IMPOCTPAHCTBEHHBIMU HAIPSIKEHUSI-
MM, TIPETISITCTBYIOIINMHI pa3MEIIeHUIO B OMHOM TIOCKOCTH 00b-
eMHbIX rpymi (oudenunl). Enie 6ojee SspKuM IpuMepoM BO3-
HUKHOBEHUSI XUPAJIbHOCTH 3a CUYET MPOCTPAHCTBEHHOM Iepe-
I'PY>KEHHOCTH  SIBJISIIOTCS  MOJIEKYJIbI  TeJuLieHOB. IlepBbIit
MpencTaBUTENb 3TOTO KJjlacca COeAMHEHNI — rekcarenulieH (38)
6bUT cHTe3upoBaH M. HeloMeHoM B 1956 T. DTOT yrieBoaopos
IMOXOX Ha pa3pe3aHHblil OyOauK. [IBa KpailHMX apoMaTUIeCKNX
LIMKJIa HE MOTYT pa3MECTUThCS B OMHOM TUIOCKOCTH, U TTIOTOMY
MOJIEKYJIa PUHUMAET BU MPaBOM WIJIN JIEBOM CIIVpaIH.

7.1.4.4. XupanbHas cnupajb

(38) 39)

PeHTreHOCTPYKTypHOE MCCIeA0BAaHKME I10KA3aja0, YTO Yroj
MEXIy TJIOCKOCTSIMU TEPMUHAIBbHBIX ITUKJIOB B (38) cocTamisier
58,2°. I'ekcarenuieH ObLIT pacliereH Ha ONTUYECKE aHTUIIO-
Ibl. OH 00J1a1aeT UCKITIOUUTEbHO OOJILIIUM YAEAbHBIM Bpallle-
nreM — [a]3* = 3640° (B xmopodopme)! ParieMusatins 9MCTHIX
SHAHTUOMEPOB HAaYMHAETCs JIMIIb IIPU TeMIlepaType ILIaBlie-
Hus (266 °C). Ewe 6ojiee 9K30TUYHBI JBOHbBIC T€JIULEHBI, Ta-
KMe Kak, Hampumep, [10]reauneH (39), B KOTOpoM ABa BUTKaA
CITMpaJI MOTYT UMETh OOWHAKOBBIC WJIU ITPOTHUBOIIOIOXHBIC
n3rubbl. VIHTEpECHO OTMETUTh, YTO MPU IMPOTUBOIIOIOXHOM
u3rude MoJjieKyJia IpuoOpeTaeT LEHTP CUMMETPUU U CTAHOBUT-
Csl ONTUYECKU HEaKTUBHOM (me3o0-popma). B 2010 r. Ha cymep-
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(40)

Puc. 7.19. Cyneprenuuen Cs3g3H;7, (@) u ero Buz ¢ Topua (6). Ha npoexuuu (6)
XOPOIIIO BUIHO, YTO CKBO3HOW KaHAaJI BIOJIb OCU TeJUIIeHA OTCYTCT-
ByeT

KOMIIbIOTEepe ObLI CMOAEIUPOBAH, a 3aTeM ¥ CUHTE3UPOBAH Cy-
TEePTeIUICH, colepKalinii 14 BUTKOB criupain U 84 OeH30Jb-
HbeIXx Kombla (40) (puc. 7.19)! Monekyna, Kak moka3saiun
HCCIIeOBaHUSI aMePUKAHCKUX YUYEHBIX, 00JlaaeT CBOMCTBaMU
HaHOIIPYX1HBI.

reﬂMLleHbl OTHOCUTEJIbHO N1ErkO CUHTE3NPYIOT ¢OTOXMMVI‘-IECKOVI LlMKJ'IVBaLlVIeVI Cco-
OTBETCTBYIOLMNX AUAPUNSTUNIEHOB B NPUCYTCTBUU okucnutenen. McknrountensHo Bbi-
coKoe yAesibHOe BpallieHne MO3BOJIMNO Ha MpUMepe 3TON peakuun Briepeble CTPOro

nokasatb, Y4TO Noj AeNCTBUEM MNOCKONONApU3oBaHHOro Y®-ceeta peakuua npoTekaet
3HAHTUOCENEKTUBHO, XOTA U C HU3KMM ONTUYECKUM BbIXO40M (OKOHO |%).

7.1.4.5. Tonosornyeckas XupajibHOCThb

OIHUM U3 OYEeHb MHTEPECHBIX U OBICTPO Pa3BUBAIOIIMXCS Ha-
MpaBJIeHUIT B OPraHMYECKON XUMUU SIBJISIETCSI, KaK BbI YK€ 3Hae-
Te (CM. JIeKIIUIO 3), CUHTE3 U UCCIIEIOBAHNE MOJIEKYJI C HEOObIY-
Ho#t Tomojorueii. K nx yuciay otHocsTcsa kamenanot (41), po-
moxkcanvt (42) 1 y3aet (43) (puc. 7.20). [TompodHOE paccMoTpeHIE
3TOr0 MaTepuaia He BXOAUT B HaIlly TPOrpaMMy, HO BCe XKe s He
MOTY OTKa3aTh ceOe B YIOBOJILCTBUU 0OpAaTUTh Ballle BHUMaHME
Ha UHTEPECHBIE CTEPEOXUMUYECKIE OCOOEHHOCTH MOJIEKYJT 9TUX
TUIIOB.
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3epkajo 3epkajo

41) (42)

55 D

3epkajo
43)

Puc. 7.20. XupanbHbie KarteHaHbl (41), porakcaHbl (42) W y3eJ-TPUIMCTHUK
(43) — MOJIEKYJIBI C HEOOBIYHOI TOTTOIOTHE

letepokareHan (41) ¢ pa3HBIMH «BCTaBOYKaMU» B ITUKJIAX
OymeT XWpaJlbHBIM, KaK U poTakcaH (42), a y3eJ-TPUIMCTHUK
(43) MOXKHO «3aBsI3aTh» KaK «CIIpaBa HajJeBO», TaK U B IPOTUBO-
TTOJIOXKHYIO CTOPOHY.

TeM, KoMy uHTepecHa 3Ta 06macTb, peKOMEeHAylO XOpOLLYl KHury: Sauvage J.,
Dietrich-Buchecker C. Molecular Catenanes, Rotaxanes and Knots. Wiley-VCH,
1999.

7.1.5. IIpoekuuonnsie Gopmy.ani Ouimepa
U cuctema Unroapaa — Ilpenora — Kana

Tenepsb MbI TOKHBI HAYYUTHCSI CTPOUTH HA3BAaHUST ONITUIECKUX
n3omepoB. Hambosiee mociienoBaTeIbHYIO CTEPEOXUMUYECKYIO
R,S-vomenkmarypy mpemtoxuan B 1951 1. Kan, WHrompn
u IIpenor. Ona ob11a npuHsita MIOTTAK 1 HbIHE UCTIONB3yeTCs
B OOJIBIINCTBE CiTydaeB. Ha ceMMHapCKMX 3aHSTHUSAX BBl ACTallb-
HO U3YYMTe TpaBujia COCTaBACHUS Ha3BaHUIl CTEPEOM30MEPOB
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pa3HBIX COCTUHEHUI U TIOYIPAXHSIETeCh B 9TOM BaXKHOM IeJIc.
31ech MBI PAaCCMOTPUM 3TH TIpaBIJIa KOHCIIEKTUBHO. KoHbury-
pPALIMOHHBIE JECKPUIITOPHI R 1 .S BHIICISIOT KyPCHUBOM U CBSI3BI-
BalOT C OCHOBHBIM Ha3BaHUeM coeauHeHus yepe3 aeduc. Oc-
HOBHOE TPaBWJIO MpPU MOCTPOSHUU HA3BaHUSI — HPABUA0 cmap-
wuHcmea.

ITyctb MBI UMeeM coenuHeHue Xabed ¢ oqfHUM acCUMMETpU-
yeckuM 1ieHTpoM X. UTOOBI yCTaHOBUTH €r0 KOH(UTYpaInio,
YETBIPE 3aMECTUTEISI y aToMa X ClIeAyeT IMIPOHyMepoBaTh 1 pac-
TMOJIOXKUTh B PSIO B TIOPSIAKE YMEHBIICHUs CTapIIMHCTBA
1>2>3>4. 3amecTtuTeau paccMaTpuBalOTCsl HaOroaaTeneM
CO CTOPOHBI Haubosee ynaJeHHOIH OT CaMOro MJIAJIIEro 3amMe-
CTUTENs1, 0003HaAYUeHHOro HoMepoM 4. Eciiu nmpu 23ToM Hampas-
JIeHUe yObIBaHUS cTaplIMHCTBa 1 — 2 — 3 coBIajgaer ¢ JBUKe-
HUEM I10 YaCOBOM CTpeJIKe, TO KOH(MDUTYpaIINio JaHHOTO acM-
METPHUYECKOIO IIEHTpa 0003HAYaI0T CUMBOJIOM R (OT JATUHCKOTO
rectus — TIpaBblii), a €CJId TPOTHUB YaCOBOMW CTPEJIKU — CUMBO-
JioM S (sinister — nieBbii) (puc. 7.21).

Yo
\ <~—— Habmonarens /
©), @ ©, <_/

Puc. 7.21. [punucanue KOHGUTYpAITUU ACUMMETPUIECKOTO TIEHTpa

)

BoT HeckoJIbKO MpaBWJI MOCAEA0BATEIbHOIO CTapIIMHCTBA
3aMECTUTEJIEM, TOCTATOYHBIX JJII PACCMOTPEHUS TTONABJISIOLIE-
ro OOJIBIIMHCTBA XUPATbHBIX COCTMHEHUI.

1. TlepBoHayaJabHO paccMaTPUBAIOTCS aTOMbI, HeTOCpE-

CTBEHHO CBSI3aHHbIE C XMPaJbHBIM LIEHTPOM (aTOMBI TIep-
Boro nosica). IlpeanoureHue Mo CTapIIMHCTBY OTHAETCS
aroMaM c 0osiee BBICOKUMU aTOMHBIMU HOMepamMu. Eciu
HoMepa OIMHAKOBbBIE (B CIyyae U30TOIOB), TO OoJiee cTap-
IIMM CYMTAETCs aTOM C HauOOJbIIEH aTOMHOM MacCoii.
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Puc. 7.22. OnpeneneHue KoHMUrypauuii no CTapiiMHCTBY 3aMECTUTeNel rep-
BOTO TIosIca

Campblii MIaaIInii «3aMeCTUTENIb» — HEeToAeIeHHAs 2JIeK-
TpoHHas mapa. TakuM 06pa3oM, CTapIIMHCTBO BO3pacTa-
eT B pany: Henodeaennaanapa < H< D <T<Li<B<CK<
<N<KOKF<Si<P<S<CI<Br<I. IBa npumepa aa-
HBI Ha puc. 7.22.

CTOVIT 3aMeTUTb, YTO HECKOJIbKO XWPpaJibHbIX U30TOMOMEPHbLIX MOJIEKYN YAanocb

pa3gennTtb Ha 3HaHTUOMEPBLI. Kak n MoxHo 6bino OoXungatb, 3Ha4€HUA yAesibHbIX Bpa-
LWEHWUI ANA HUX HEBENUKW. Hwxe npuseAeHsbl ABa npuMmepa.

CH, OH
H—(li—D D3C—C|—CH3
an f
(S8)-(+) (8)-(+)
[a]F =0,81 a =0,27°

2. Ecim ¢ acuMMeTpUYeCKMM aTOMOM HEIOCPEICTBEHHO
CBSI3aHO NIBa, TPU WM BCE YEThIpe ONMHAKOBBIX aTOMa,
MOPSIOK YCTAHABJIMBACTCS IO aToMaM BTOPOTO IIosica,
KOTOpBIE CBSI3aHbI YK€ HE ¢ XMpaJIbHBIM LICHTPOM, a C Te-
MM aToMaMHu, KOTOpbIE MMEJIM OJAMHAKOBOE CTapILMH-
ctBo. Hampumep, B mMojekyse 2-OpoM-3-MeTUIOyTaHO-
na (44) no nepsoMy atomy rpynn CH,OH u (CH;),CH
YCTAaHOBUTh CTAPIIMHCTBO HE YIAeTCsl, OMHAKO IPEIIO-
yreHue otnaercss CH,OH, tak kak aTOMHBII1 HOMep Kuc-
Jiopona 6oubliiie, yem yriaepona. I'pynna CH,OH crapiire,
HECMOTpPSI Ha TO, YTO B HEll C aTOMOM YIJiepoja CBs3aH
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JIMIIb OMWH aToM Kuciopona, a B rpynmne CH(CH;), —
IBa atoMma yriepona. Eciu M BTopble aTOMBI B TpyIIie
OIMHAKOBBI, TIOPSIIOK OIIPEIESIeTCS TI0 AaTOMaM TPEThETO
rosica u T. II.

@

Br
@ J
H_C\@ (44)

(CH,).CH CH,OH
\J (R

3. Ecnu u Takag npoueaypa He MpuBeJia K MTOCTPOSHUIO Of1-
HO3HAYHOI nepapxuu, ee IMPoIoJKaloT Ha Bce OoJiee BO3-
pacTalolmMX pacCTOSIHUSX OT LIEHTPaJbHOIO aToMa, roka,
HaKOHEIl, HE BCTPETUTCS pa3jinyvie U BCE YEThbIpe 3ame-
CTUTEJISI BCe-TaKM IMOJydyaT CBOE CTaplIMHCTBO. JIoboe
npeamnoyTeHue, MpuoodpeTaeMoe TeM UM MHBIM 3aMeCTH-
TeJIEM Ha OOHOWM M3 CTaIUi COIIaCOBAHUSA CTAPUINHCTBA,
CUMUTAETCS OKOHYATEIbHBIM M Ha TMOCJIEAYIOLINX CTaausIX
TepeolieHKe He TTomiekuT. Ecim B MoJieKyie BCTpeyaroT-
Csl TOUKM pa3BeTBIICHMSI, TIPOLIEAYPY YCTAHOBJIEHUS cTap-
IIMHCTBA CJIENYET MPOA0JIKATh BAOJb MOJIEKYJISIPHOM 1ie-
MM HauOoJsbllero crapwvHcTBa. Ilpu ycTtaHoOBIEHUU
CTapIIMHCTBA TOTO WKW MHOTO LIEHTPAJbHOIO aToMa pe-
IIaoIree 3HaYeHUEe UMEET YMCIIO CBSI3aHHBIX C HUM ApPY-
rMX aTOMOB BbICLIEero crapiiuHcTBa. Hanpuwmep,
CCl; > CHCI, > CH,Cl.

4. ®opMajbHO MPUHUMAETCSI, YTO BaJEHTHOCTh BCEX aTO-
MOB, KpoMe Bonopoja, paBHa 4. Eciu ucTuHHas BajaeHT-
HOCTh aTOMa MEHbIIe (HalmpuMmep, Yy KUCIopoaa, a3oTa,
cepbl), TO CYMTAETCSI, UTO Y ITOro aToMa umeertcs 4-n (rae
n — HacTosIIasl BaJIEHTHOCTb) (haHmom-3amecmumeneil,
KOTOPBIM IIPUIIMCHIBAETCS HYJIECBOM ITOPSIAKOBBIM HOMED
1 OTBOAUTCS MOCJEIHee MECTO B MepeuHe 3aMeCTUTEIEe.
B coOTBETCTBUM C 3TUM TPYIIIIBI C IBOMHBIMU U TPOITHBI-
MM CBSI3SIMM TIPEACTABISIIOTCS TaK, KaK ecjid Obl OHU Obl-
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—I, —Cl, —PR,, —SO,R, —SR, SH, —F, —OTs,
—OCOCH;, —OPh, —OH, —NO,, —NMet, NEt,,
NHCOR, —NHR, —NH,, —CO,R, —COOH, —COR,
—CHO, CH,0R, —CH,0OH, —CN, —CH,NH,, —Ph,
—C=C—, —t.-Bu, —C¢(H,;, —CH=CH,, —i.-Pr,

— CH,Ph, i.-Bu, —Et, —Me, — D, —H, HemnoneneHHas mmapa

Puc. 7.23. P Haubosee 4acTo BCTPEUAIOUINXCSI 3aMECTUTENIe 10 yOBIBAHUIO
CTapIIMHCTBA

JIV pacllelUIeHbl Ha JBE WU TPU IPOCThIe CBI3U. Hampu-
Mep, TIpU NpeacTaBieHUN 1BoitHO# cBsI3u C— C KaXIblit
aTOM paccMaTpUBaeTCd KaK CBSI3aHHBIN C IBYMsI aTOMaMU
yriiepona.

Taxkum 06pazoM, HauboJIee YaCTO BCTpeyaroIIuecs 3aMecTu -
TEJIM MOXHO PACIIOJIOXKUTH B PSAI IO YOBIBAIOIIEMY CTapIIMH-
CTBY, IMOKa3aHHBII Ha puc. 7.23.

K geTpIpeM ImpuBeAeHHBIM BHIIIEC TIpaBUJIaM I TOJDKEH CHe-
JIaTh ellle nBa AomnoJiHeHUs. [lepBoe KacaeTcsl CTapIIMHCTBA 3a-
MeCTHUTeJIel, coaepxKaluxX ABOiHYI0 CBsI3b. OJie(hMHOBBIN 3aMe-
CTUTEJIb, B KOTOPOM CTapilliasi TPyIIa pacrojioXeHa Io Ty Xke
CTOPOHY OT IBOWHOM CBSI3M, UTO W XUPAJBHBIN LEHTP (yuc-n30-
Mep), 00JIamaeT MPeuMYIIIeCTBOM Hal 3aMEeCTUTENIEM, B KOTOPOM
OHa HAaXOOWUTCI B mMpaHc-TIOJOXEHUM K XUPAJIbHOMY LIEHTDY.
Bot mpumeps! (puc. 7.24).

A BTOpOE JOTOJTHEHNE KacaeTcsl CUTYallMy, KOTIa CpaBHUBA-
IOTCSI NIBa OOWHAKOBBIX 3aMECTUTENIS] pPa3HON XUPaJIbHOCTH.
[IpenmnouyTeHue B CTapIIMHCTBE OTOAETCSI R-3aMECTUTENIO.

HUctopuueckn Oojiee paHHeil ObLla cucTeMa O0O3HAUYEHUIA
cTepeor3oMepoB, IpemioxeHHas B 1906 r. M.A. Po3aHoBbIM.
ITocKoNBEKY B 3TO BpeMsI He OBbIJIO METOIOB, KOTOPEIC TIO3BOJISIIN
OBl yCTaHABJIMBaTh aOCONIOTHYIO KOH(MUTYpaIlrio, B OCHOBY ObI-
JIa TIOJIOXKEHa TIpocTast Uaest — JIEBOBpallaloIeMy TIMIIEPUHO-
BOMY aJIbIeTHAY ObLIa TIPOM3BOJIBLHO MPUIIMCaHa (DUIllepOBCKast
nmpoekunst (45), a mnpasoBpamamoiemMy — mpoekuust (46)
(puc. 7.25). Hamomuro, uro B mpoeknuu Puiiiepa XuMuiecKkne
CBSI3W M300paskafoTcs B BUIE TOPU3OHTAIBHBIX U BEPTUKAIBHBIX
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Puc. 7.24. KoHdurypauuu XupajabHbIX LEHTPOB C yuc- U MPAHC-U30MEPHBIMU
3aMECTUTEJISIMU
H 0] H 0]
Z =
b b
HO—C—H H—C—OH
CH,OH CH,OH
OH OH
HO A _~0 HO\/k/O
L(-), S D—(+), R
45) (46)
Puc. 7.25. L(—)-I'muuepunoBbiit anbaerun (45) u D-(+)-mIMiepuHOBBIN ajibae-
run (46)

JIMHUI, Ha MEePEKPECThSIX KOTOPBIX HAXOASTCS CTEPEOLICHTPHI.
VrnepoaHslii ckejeT u300paXaloT BEpTUKAJbHO, MPU 3TOM
CBEpXy HAXOIUTCS aTOM YIJIepoja, C KOTOPOro HAaYMHAETCST HY-
Mepamus ckejeTa (HalpuMep, adbIeTUOHBI C-aToM IS alb-
n03). Kpome toro, B mpoekunu ®duiiepa Bce TOPU30HTATIBHbBIE
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®Duwep Nepman dMuns
(9.10.1852—15.07.1919)
HeMeLkuit XUMMK-OpraHuk, cosaaters Kpyn-
HOM Hay4HOI LKOJIbl, OCHOBOMOJIOXKHUK XU~
MUN MPUPOHBIX coeanHeHuit. Mccneosan
CTPOEHME W CUHTE3UPOBaN psAj MPOU3BO-
AHbIX MypuHa: KOGdEWH, FyaHUH, aJeHWH
u ap. Been HomeHknatypy, cosgan paumo-
HaNMbHYlO KnaccuduKaumio W ocyliecTeun
CUHTE3 MHorux yrneeozoB. OTKpbIn cneuu-
$UYHOCTL AeicTBUA pepMeHTOoB. Beinonkun
OCHOBOMOaraloLLMe MCCNeOBaHNA MO Xu-
Muin Genkos. Hobenesckasa npemua no xu-
Mam 1902 r.

CbIH ycnewHoro KoMMepcaHTa, DMunb

6bIn BbIHYX/EH [Ba rofja 3aHMMaTbcA GusHe-

com B ¢upMe oTua. Ho TOT GbicTpO OBGHapy»Mn MOMHYIO HEMPUrOAHOCTL FOHOLLM
K komMMepumn 1 B 1871 r. Hanpaeun ero B boHHckMi1 yHMBepcuTeT. Yyeba xuMum y Be-
nukoro Kekyne He Bbi3biBana y DMuna uHTepeca, nockonbky Kekyne He yaenan Bru-
MaHuA nabopaTopHbiM 3aHATUAM. B 1872 r oH nepewen B Ctpacbyprekuii yHMBepcu-
TET U CTan 3aHMMaTbCA y MOJIOAOrO XMMUKa-opraHuka Agonbda ¢oH baitepa. OH
C 3HTY31a3MOM OKYHYNICA B SKCMEepUMeHTanbHyto paboty. OTkpbiThe dheHnnruapasmHa
NpVHeCIo eMy AOKTOPCKyto cTerneHb B 1874 r. MNoTtom ®uiep nocnesosatensHoO pa-
60Tan Kak AoueHT B MioHxeHCKOM yHUBepcuTeTe, cTan npodeccopom B Biopubypre,
a B 1892 r. — paupektopoM Xumuueckoro mHcTUTyTa BepnuHckoro yHueepcuteta
1 3aHWUMan 3TOT NOCT A0 caMoit cMepTU. Puxapa Bunbluettep cuutan ero «He umero-
WUM pasHbIX KSIGCCUKOM, MACMEPOM 0p2aHU4eCKOU XUMUU KAk 8 0611acmu aHanusa,
mak u & 06;1acMu CUHMe3d, a 8 IUYHOCMHOM OMHOWEHUU NPEKPACHEULUM Yesioee-
Komy». B ero 4ectb [epMaHckoe xuMuyeckoe O6LLECTBO y4peauno Mefanb DMuna
Duiepa.

CBSI3M HaMpaBlieHbl B CTOPOHY HaOIIonaTesisi, a BEPTUKAb-
HbIe — yIaJeHbl OT HaOItonatessi. TO YCIOBHUE BaXKHO JUIS Ipa-
BWJIBHOTO TMOCTpoeHus npoekimu Puirepa, a Takxke Mpu BOC-
CTAaHOBJICHUU TPEXMEPHOU CTPYKTYPhI MOJIEKYJIBI U3 €€ TIPOeK-
umu. [To aToit mpuurHe npoexiuo Puiiepa Heb3s BpallaTh Ha
90° unu 270°, Tak KaK 3TO MPUBEIET K U3MEHEHHUI0 KOHbUTypa-
IIUU CTEPEOIIEHTPOB.

Kondurypauuu npyrux XupajbHbIX MOJEKYJ] CPaBHUBAIU
¢ KOHbUTYpalMsIMU SHAHTUOMEPOB TJIULIEPUHOBOTO aJIbJEeTHIA.
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Te coemmHeHMSsI, KOTOPBIE MMEIN CXOACTBO ¢ (45), oTHOCWIN
K L-psmy, a umeroniue cxoactso ¢ (46) — x D-psny. I1o cuact-
JIUBOI CIYy4altHOCTM OKa3ajocCh, YTO D-IIMIEeprHOBBIN abae-
TUA UMEET NEeMCTBUTEIbHO TaKyl0 KOH(PUTYpallUIo, KOTOpasi eMy
TIPOM3BOJIEHO OBLTa MpPUIIMCaHa BHavaie. B pe3ymrbTare 0O0Nb-
IMUHCTBO D-IIEHTPOB M, YTO OYeHDb BaxKHO, caM D-IimiiepnHo-
BbII anpaerua uMmetor (R)-koHdurypamuio, a L-ctepeonzomepnt
OOBIYHO TIpUHALJIEXKaT K (S)-psamy.

OtHeceHue ctepeonzoMepoB K D- u L-psggaM mpoBoaunu
MyTeM XUMUYECKOI KOpPEISIUU, T. €. IyTeM IO3TAITHBIX TIpe-
BpAIICHUI UCCIEMYeMOTO COCIMHEHNS B TIIMLIEPUHOBHIN ajIbae-
TUA WIK, Ha000POT, SHAHTUOMEpa TJIMIIEPUHOBOIO ajbIeTuaa
B 9TO COeAMHEHNUE, MpoTeKalolux 0e3 U3MEeHEeHUsT KOH(pUTypa-
1y xupaibHoro meHtpa. Ceifuac R,S-HOMEHKJIaTypa MpakTU-
YeCKHM ITOTHOCTHIO BEITecHIIA D, L-HOMEHKIIATypy, HO ITOCTIea-
HSIS 110 TPAAMLIMU UCTOJIb3YeTCs IJISI aMUHOKUCIIOT, OKCUKHUC-
JIOT U YTJIEBOIIOB.

[IpaBuna mocnenoBaTebHOTO CTAPIIMHCTBA MPUMEHUMBI
TakXke W K OMUCAHUIO Te€OMETPUUYECKUX U30MEPOB HEMpEAesb-
HBIX COeIMHEHUI. 3aMECTUTENIHN Y KaXKIOro KOHIIA KPaTHOI CBS-
31 MPY YCTAHOBJICHUHU CTapIIMHCTBA TOJDKHBI pacCMaTPUBAThCS
otnenabHo. Eciu 3amectutenu, uMerolire 0ojiee BLICOKOE cTap-
IIIMHCTBO, PaCHOJ0XEHBI C OAHON U TOU Xe& CTOPOHBI JBOMHOM
CBSI3U, COCIMHEHUIO MPUCBAUBaAIOT Mpedukc Z (0T HEMEIKOTO
zusammen — BMECTe), a €CJIM 10 pa3HbIe CTOPOHEBI, TO TIPeUKC
E (entgegen — HampotuB). (Z,E)-HomeHknaTypy aJKeHOB MbI
yKe paccMaTpuBaiu. [1pruMepsl OTHECEHUsI CTPYKTYp COeaUHe-
HUI ¢ KpaTHBIMU CBSI3SIMU ¢ UCIoJib30oBaHUEM (Z,E)-0603Haue-
HUII IpUBEIEeHbI Ha puc. 7.26.

[Mocnenuuit IprMep TMOKA3bIBAET, YTO MPEHUMYIIICCTBEHHOE
MpaBO BKJIIOYEHMS B TJIABHYIO 1IETIb UMEET 3BEHO ¢ Z-KOHMUTY-
pauyei.

(R,S)-0O0603HaueHNS MOTYT OBITh MPUMEHEHBI U IJIST COeIU-
HEHUI ¢ aKCHMaJbHON XUPaTbHOCTHIO. )1 OTHEeCeHUST KOH(PU-
rypanuu m300paxaioT mpoekuunio HbloMeHa Ha ILIOCKOCTD,
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Puc. 7.26. [TpumMepbl OTHECEHUSI CTPYKTYP COCIUHEHUI C KPATHBIMU CBS3SIMU
¢ ucnosibzoBanueM (Z, E)-o603HaueHmit

(E)-okcum anetoheHOHA

MEePIEHAUKYISIPHYIO XMPaJIbHON OCH, W Hajce IPUMEHSIOT
JIOIIOJIHUTEIbHOE TPaBUJIO, COIJIACHO KOTOPOMY 3aMECTHUTE-
JIM Ha KOHIIE OCH, OJMKaiilieil K HabaogaTeN0, pacCcMaTpy-
BAlOTCSI KaK MMelolne 0ojiee BHICOKOE CTapIIMHCTBO, YeM 3a-
MECTUTEIM Ha OajibHeM KOHIe ocu. Torma KoH@Urypauuio
MOJIEKYJIBl OIpEene/soT HallpaBJIeHUEeM o0Xo1a 3aMeCTUTEeIeH
no WA npomus 4acCOBOU CTPEJKU B OOBIYHOM IOPSIAKE YyObI-
BaHUS CTAPLIMHCTBA OT IIEPBOTO KO BTOPOMY M 3aTEM TPEThe-
My. Ha puc. 7.27 310 nmpoumocTpupoBaHo s 1,3-amieHan-
KapOboHoBO M 2,2’-momoaudeHnn-6,6"-nuKapO0OHOBON KHUC-
JIOT.

[IpaBuia 1OC/IENOBATEILHOTO CTapIIMHCTBA pa3pabOTaHbI
TaKXKe JJISl TUIAHAPHO- M CIIMPAIbHOXMPAIbHBIX MOJIEKYII.
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Puc. 7.27. OnpeneneHue KOHGUTypaLru MOJIEKYJT C XUPaAJIbHOW OChIO

7.1.6. MeToapl onpeneieHus: A0COJIIOTHOI
KOH(Hrypamuu XupajbHbIX MOJIEKY.I

B 0OBIYHOI PEeHTreHOBCKOW KpuUCTa/uiorpaduu BUA AU pakiiu-
OHHOI1 KapTUHBI 3aBUCUT TOJIKO OT PACCTOSTHUI MEXITY aTOMaMu
W HE 3aBUCUT OT aOCOJIOTHOU OPUEHTALIMM CTPYKTYpPhI B IPO-
ctpaHcTBe. [ToaTOMy XMpanbHbIN KPUCTAIUT U €r0 SHAHTUOMOPD
JaI0T OIVHAKOBBIE KAPTUHBI U APYT OT Apyra HEOTIUYUMBIL. Of-
HAaKO CHUTYyallMsl MEHSIETCSI, €CIM MCIOJb30BaTh PEHTTEHOBCKOE
WU3y4YeHUEe ¢ JUIMHON BOJHBI, OJM3KOM K Kparo MOMIOIIEHUS Ofl-
HOTO 13 aTOMOB B MoJieKyJie. B 3ToM ciryyae mosiBiIStoTcst HeOOIb-
e u3MeHeHus (pa3bl pacCesTHHBIX KBAHTOB, KOTOPBIE OCOOCHHO
YETKO TIPOSIBIISTIOTCST HA TSDKETbIX aToMax. OHU yKe 3aBUCST U OT
OTHOCUTENTbHOTO PACIOJIOKEHUsI aTOMOB B TIpocTpaHcTBe. Kc-
TIOJIB3YsI 3TO SIBJIEHHUE, KOTOPOe ObIJI0 0OHapy»KeHo ele B 30-X IT.
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Mpouioro Beka, buiiso B 1951 1. npumenun K,-usnydeHue mmp-
KOHMSI MPU HCCIACIOBAaHUU KPUCTAJIOB HATPUEBO-PyOMANEBOI
COJIM BUHHOM Kucao0Thl (47) 1 TToKasall, uTo aHUOH (+)-TapTparta
obsagaet (R, R)-koHdurypauueii. B aToM coeMHeHMN aHOMAaJTb-
HOE paccestHue PeHTTCHOBCKHUX JIy4dell IIPOMCXOMNT Ha aTOME py-
oummst. ITockonbKy (+)-BUHHASI KMCIOTAa K TOMY BPEMEHH YyXKe
Obl1a COOTHECEHA CO MHOTMMM IPYTMMU XUPAIbHLIMU COEIMHE-
HUSIMM, OCOOEHHO C caxapaMM, TO OIpeaeieHue ee abCOMIOTHOM
KOH(MUTYpaLUU CTAJIO UCKIIIOUUTETHHO BaXKHOI BEXOUl B CTepeo-
xuMuu. Bckope mocie 3Toro ¢ ucronb3oBaHueM L,-U3TydeHust
ypaHa OblIa ompeaesieHa M abCOMIOTHAsT KOH(PUTYpaALMs THAPO-
opomuna D-(—)-u3oneiinHa (48). B aToMm ciydyae ucmonp3oBa-
cs1 (ha30BbIii CABUT Ha aTOMe Opoma.

CO,Rb CO,H
H—C—OH H—C—NH:Br
47 | (48)
OH—C—H H—$—CH3
CO,Na C,H;
(R.R) (2R3R)

Takum 00pa3oM, B CTEPEOXMMUU MOSIBUIIUCH «OTTIOPHBIE TOU-
KW» IUIS1 OTIpeaiesIeHUsI a0COIIOTHOM KOH(UTYpallMU BCeX APYTUX
COEAMHEHUIA.

Bane'-ly, 4yTOo COBpeMeHHbIe MeTo bl KBAaHTOBOM XMMUMU BbICOKOrO )’pOBHﬂ AaroT
BO3MOXXHOCTb PaCC‘-IVITbIBaTb 3Ha4YeHUA onTU4YecKoro Bpau.l,eva C TOYHOCTbIO, MO3BOSIA-
}OLLleﬁ I'IpOBO,qVITb npaMoe COonocTaBsieHne TeopeTMHecKMX BE€JIMYMH C 3Kcnepm1eH-

TanbHbIMU. [T03TOMy TeopeTudeckme MeToabl celdac AOMUHUPYHOT MpU onpeaeneHnn
a6CcoMtoTHON KOHPUIrypauumn CNoXHbIX MOJIEKy/.

7.2. CoeanHeHUa ¢ HECKObKMMM 3N1EMEHTaMU
XWUPanbHOCTM
MBI TOIBKO 4YTO BCTPETHUJIINUCH C ABYMA MOJICKYJIaMHM, COACPXKa-

IIMMKM [Ba XUPaJIbHBIX LIEHTpAa. Moii y4uTeslb aKaaeMHK
A.H. HecmessHoB yacTo roBopus: «Hacmoawas opeanuueckas



Jlexyus 7. Ocnogvl cmepeoxumuu

&

XuMusi HQaUUHAEMcs mam, 2de 6 MoaeKyie NosA6AAeNmcs HeCKOAbKO
dyHKUUOHAABHBIX 2pYNN U HECKOAbKO XUPAIbHbIX UeHmpos». Ecin
B MOJIEKYJIE COMEPKUTCS ABa WX 00Jiee XUPaTbHBIX LICHTPa WU
IPYTUX XUPaATbHBIX 3JIEMEHTA, YMCJI0 CTEPEON30MEPOB YBEIMUM -
BaeTcs. OOllee YMCIO0 CTEPEOU30MepOB MoJieKybl (N), comep-
JKalIlleil # CTepeolIeHTPOB, MOXET OBITh BRIUMCIICHO 10 (hopMyJIe:

N=2" (7.3)

HexoTopsie mapsl cTepeon3oMepoB UMEIOT TIPOTUBOITOIOX-
Hble KOH(UTYpaIlMd BCEX COOTBETCTBYIOIIMX CTEPEOLIEHTPOB
W ABJISIOTCS, TAKUM 00pa3oM, sHaHTHOMepaMu. Bce ocTanbHbie
MapHble KOMOWHAIIMU CTEPEOM3OMEPOB OYAYT pa3InuvaThbCst
JIMIIb HEKOTOPBIMU KOH(UTYPALIUSIMU, HE SIBIISISICh 3epKaJIbHBI-
MM OTPaKEHUSIMU APYT Apyra. Takue mapwl sBISIIOTCSI duacme-
peomepamu. B KauecTBe pumepa Ha puc. 7.28 rokaszaHbl UeThIpe
cTepeouzoMepa  2-TUAPOKCHU-3-XJT0pOyTaHIMOBON  (XJIOPOSi-
omounoit) kucnorel (49). Ilaper crepeouszomepoB (a) u (6),
a Takke (8) U (e) OTHOCSTCS IPYT K APYTY Kak MpeaMeT U Heco-
BMECTMMOE C HUM 3epKaJlbHOe M300paxkeHre. DTo Mmapbl SHAH-
THOMepOB. A Trapsl (a) u (¢) win (6) 1 (6) — IUaCTepEeOMEpHI.

st 0603HaUeHMsI OTHOCUTENILHOI KOH(DUTYpaIKy JuacTepe-
OMEPOB YaCTO UCTIONb3YIOTCS TAKXKE TPUCTABKU IPUMPO- U Mpeo-.
Ecnmu nuacrepeomep m3o0paszuth B Bume mnpoekuuu Puinepa
U IIpU 3TOM 00a OJMHAKOBBIX 3aMECTUTEJISI OyIyT pacrosaraTbest
10 OZIHY CTOPOHY YTJIEPOITHOTO CKEJIeTa, TO TAaKO TNaCTepeon30-
Mep Ha3bIBaIOT 3pumpo-, €Clii 1O pa3Hble CTOPOHBI — Mmpeo-.
JlaHHast HOMEHKJIaTypa MPOUCXOANUT OT Ha3BaHUsI IByX IUacTepe-
OMEPHBIX aTbI03 — 3puTpo3sl (L) 1 Tpeossr (LI) (puc. 7.29).

B ToMm ciydae, eciiu cTepeoreHHbIe LIEHTPbI B MOJIEKYJIe MMe-
10T OMHAKOBOE CTPYKTYPHOE OKpyXeHue, ollee YMCI0 KOH-
(burypallnoHHBIX M30MEPOB COKpaiaeTcsl. Botr kiaccuueckuii
npuMep — yKe XOpOIIo U3BECTHAst HaM BUHHas (2,3-IUTHIPOK-
cubyTaHanoBast) Kuciaora. B Mosexysne aBa XupaibHBIX LIEHTPA,
HO BMECTO YEThIPeX CTEPEOU30MEPOB TSI HEe CYLIECTBYIOT TOJIb-
Ko Tpu. D10 mapa aHaHTuomepoB (2R,3R) (52) u (25,35) (53),
a TakXe ONTUYeCKU HeaKTUBHas me30-popma (54) (puc. 7.30).
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Cl Cl
/l\v/COOH ; COOH
HOOC : HOOC/A\T/
OH OH
) )
COOH COOH
H—C—OH HO—C—H
H—C—Cl Cl—C—H
COOH COOH
(25,35) (2R,2R)
[a]F —31,3° [a]®) +31,3°
a o
3PUTPO- (aHTHU-)
cl Cl
X COOH COOH
HOOC/A\Y/’ HOOC/l\T/
OH OH
) )
COOH COOH
H—C—OH HO—C—H
Cl—C—H H—C—Cl
COOH COOH
(2R.35) (28.3R)
[a]F —9,4° [a]? +9,4°
6 2l

Tpeo- (CUH-)
49)

Puc. 7.28. CrepeonzoMepsl 2-TUAPOKCH-3-XJIOPOYTaHINOBOM (XJIOPOSIOIOUHOI)
Kucaotel (49)
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CHO CHO
H=O1 snasmiowep - OH—1—H
H——OH OH——H

CH,OH CH,OH
D-sputposa f A Pt f L-sputposa

3 ﬂuacfépebzmepbl 3
N

CHO CHO
OR=H  snaurnoepn  H—77—OH
H——OH OH——H

CH,OH CH,OH

L-tpeosa D-tpeosa

Puc. 7.29. [luacrepeonsomepHbie TeTpo3sl (50) u (51)

Ewe Gosiee MHTEpeceH cilyyaid, Koraa B MOJIEKYJIe UMeeTCs
TPU CTEPEOTEHHEBIX LIEHTPa, HO HAOOp 3aMEeCTUTENIe Y IBYX U3
HUX oIMHAKOB. [IprMepOM MOTYT CI1yKUTh ISITUATOMHBIE CITUP-
Thl, 00pa3yloIluecs] MpY BOCCTAHOBJICHUU aJIbIOIECHTO3 WU
TPUTUAPOKCHUTIYTAPOBBIE KUCIOTHI, KOTOPbIE 00pa3yloTcs Mpu
ux okucieHuu. CyILIECTBYET YeTbIpe IMSTUATOMHBIX CIIMpTa
HOCH,(CHOH);CH,0OH: napa snantuomepoB — D- (60)

COOH COOH COOH
HO——H H———OH H——OH
H—F—OH HO——H H—/—OH

COOH COOH COOH

(25,39) (2R,3R)
[a]) = —12° [a]y) = +12°
Ton = 170° meso Ty, = 170°
(52) (33) (54

Puc. 7.30. Crepeor3oMepHble BUHHbIE KUCIOTbI
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CH,OH CH,OH CH,OH CH,OH
HO——H H——OH H——OH H—}—OH
H——OH HO—}—H H—}—0OH HO——H
H——OH HO—}—H H—}—OH H——OH

CH,OH CH,OH CH,OH CH,OH

D-apabur L-apaburt Pu6ur Keumur
(55) (56) (57) (58)
OH OH
HO OH
OH

KinHoBunHast npoexuust MosekyJisl puoura (57)

Puc. 7.31. Crepeonsomepsl naruaroMueix cnuptro HOCH,(CHOH);CH,OH

u L-apabutsr (61) u nBe me30-dpopmbl — puoUT (62) 1 KCUTUT
(63) (puc. 7.31). Y onrnuecky akKTUBHBIX apabuToB atoM C-3 He
SIBJISIETCS acuMMeTpudeckuM. OH COeNMHEH ¢ IByMsI IpyInamMu
C*(OH)CH,OH onmnHakoBOro CTpOCHUS U XWPAJTbHOCTH.
A 'y me30-popM — puOUTAa U KCWINTA — TepuepuIecKre X1-
panbHble HeHTPbI C-2 1 C-4 UMEIOT MPOTUBOIOJIO0XHbIE KOH(DU-
rypaiuu, 1, ciieaoBaTesibHO, aTOMbl C-3 SIBJISIOTCSI aCUMMETPH -
YeCKUMU IIeHTpaMu. Ho, Kak XOpoIro BUAHO Ha KJIMHOBUIHOM
MMPOEKIIMU MOJIEKYJIbI pubuta (puc. 7.31, BHU3Y), B MOJIEKYIax
pubuTa U KCUJIUTA MOSIBISIETCS MJIOCKOCTh CUMMETPUU O, M03-
TOMY OHM B LIEJIOM axupajibHbl. KIMHOBUIHYIO MTPOEKIIUIO MO-
JIEKYJIbI KCWJIMTAa BBl CMOXETE HApMCOBAaTh M JIETKO pa3depere
CaMOCTOSITEJIPHO aHAJIOTUYHBIN CITydail ¢ TPUTUAPOKCHUTIYTapO-
BBIMU KUCJIOTaMU.

Yucno cTepeor3oMepoB CTAHOBUTCS MEHbIIIE MaKCUMAaIbHO-
IO M B TOM clly4yae, KOTla CTepeOreHHbIe LIEHTPHl BKIIOYAIOTCS
B IUKJI WJIA KapKacHYIO cUcTeMy. BOT gBa TUIIMYHBIX IpuMepa
(puc. 7.32). B Mmonekynax U30MepHbIX LUKJIOMponaH- 1,2-nukap-
OOHOBBIX KMCJIOT IBa CTePEOreHHbIX LigHTpa. B yuc-uzomepe (59)
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HOOC/\COOH
PN

H H
a
(R.S)
(59)

H/\COOH HOOC/\H
—
HOOC H H COOH
(R,R) (S.9)

(60)

Puc. 7.32. U3omepHble LMKIIONponaH-1,2-1MKapOOHOBbIE KUCIOTbI

SICHO BUJIHA TUTOCKOCTh CUMMETPUM, TIOITOMY OH axupajeH (me-
30-(popMa), B TO Bpemsl Kak mpauc-uzomep (60) cyiiecTByer
B BHUIE Tapbl dHaHTHOMEpoB. [loxoxwue ciyyaum (MOJEKYJIbI
1yc-1,2-guruapokcunimkiaorekcada (5) u tpaHc-1,2-1MuaMuHO-
nukiIorekcana (7)) Mbl paCCMOTPENIH paHee.

Co cTepeoxMUYECKO TOUKY 3peHus elle 00jiee MHTepecHa
MoJiekyaa 3-0pomMo-5-MeTuiagaMaHTaH- 1 -KapOOHOBOW KUCTIO-
Tl (61) (puc. 7.33). B Heit Jlerko pacrio3HaTh Y€ThIpe acuMMe-
TPUYECKUX aTOMa yriiepoJa, KOTOPBIE s TOMETUI 3BE3I0YKAMMU.
Ho usMeHeHue KoHGUTypaluuy Kaxkaoro U3 HUX HEBO3MOXKHO,
TMOCKOJIbKY BCE OHU CBSI3aHbI B XeCTKUI Kapkac. OmHako 3Ta
MOJIeKyJia BCE XK€ XUpPajibHa U CYIIECTBYET B BUJE MAphl SHAHTHU-

OMEPOB, KOTOPbIE BO3HUKAIOT 3a CYET
COOH acCUMMETPUM BCEl MOJEKYJIbl. XUpaib-
X HBII [IEHTP MOJIEKYJIbI HAXOIUTCS BHYTPU

r W Kapkaca, 1 B HeM HeT HUKaKoro atoma!
*

/
CH3 Puc. 7.33. XupanbHasi MojieKy/1a 3-OpoMo-5-MeTu-
(61) NaIaMaHTaH- | -KapGOHOBOM KUCIIOThI
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Memoob: pazdenenus cmepeouzomepos

D)

7.3. Pauematbl 1 koHrnomepatbl. MeTobl
pasfeneHns cTepeon3oMepoB

DHaHTHUOMEPHI, KaK MBI K€ XOPOIIIO 3HAaeM, B aXUPaJIbHBIX Cpe-
Jax 00J1agaloT COBEPIIEHHO OJMHAKOBBIMU (DU3UUECKUMU U XU -
MHMYECKUMHU CBOIICTBAMMU, a TTO3TOMY UX HEJIb3sl pa3IeIUTh TEMHU
OOBIYHBIMU METOJIAMM, KOTOPBIC TIPUMEHSIIOTCS [UISI pa3IesIeHUs
CTPYKTYPHBIX M30MEPOB, TAKUMU KaK MEPeroHKa Wil KpucTai-
mm3anusg. B OOBIYHBIX XMMUYECKUX PeaKIUSIX, MPOTEKAIOIINX
¢ oOpa3oBaHMEM XHPAJIBHOIO IICHTPAa B axWpPaJbHBIX Cpemax
u 6e3 yyacTusi XUpaJbHBIX peareHTOB, Bceraa odpas3yloTcsl oda
SHAHTUOMEpPA B PaBHBIX KOJIMYECTBaxX. 3amada WX pas3aesieHust
CJIOXKHAS.

IIpexnae Bcero, BCIIOMHUM OJecTAIIUil 3KcrnepuMmeHT Jlyu
ITacTepa, KOTOPOMY € TTOMOIIIBI0O MUKPOCKOITA 1 MUHUATIOPHOTO
MHUHIIETAa YIAJIOCh Pa3neuTh SHAHTUOMOPGhHBIC KPUCTAIIBI Ha-
TPUT-aMMOHMEBOI COJIM BUHHOM KucaoThl. [lpu ompeneneH-
HBIX YCJIOBUSIX OHa KPHCTAJZIM30Bajach B BUIE MEXaHMIECKOMN
CMeCHU KPUCTAJJIOB ABYX 3HAHTMOMEPOB B cooTHolueHuu 1:1.
Takast cMech Ha3bIBaeTCs pauemutecKum Koneromepamom. B Heit
KaXIbIil KPUCTAUT COCTOUT U3 MOJIEKYJT TOJIHKO OIHOTO DHaH-
THOMepa.

Cpenu 230 mpoOCTpaHCTBEHHBIX KpUCTALIOrpachUyecKux
rpynn (Lendmnuc, @enopos) nmuib 65 xupanbHbl. Eciu coenn-
HEHUE KPUCTAJUIU3YEeTCSI B OMHOM M3 HUX U BHI IIPABIJIBHO TTOI0E-
peTe YCJIOBUSI KpUCTALIM3allMK, TO CYILIECTBYET Hamexaa Ioy-
YUTH KOHIJIOMEpaT U pa3ieuTh ero Mexanudecku. Ho takas yna-
ya BBINTagacT XMMUKY He 9acTo. OOBIYHO MpM KPHUCTAJUIM3ALINI
obpasyeTtcs MO0 ucmuuHblil payemam, COCTOSIIIAA U3 KpUCTal-
JIOB, B KaXKIIOM M3 KOTOPBIX HAXOHSATCSI MOJIEKYJTbI 000MX SHAHTH-
OMEPOB B COOTHOIIEHUN 1:1 (Takoe COOTHOIIIeHNE S HAHTUOMEPOB
B MCTMHHOM palleMaTe COXpaHsieTCsl IO YPOBHSI KpUCTalInye-
CKOIi pelIeTkn), Tmbo ncegdopayemam — TBEPIBIA PACTBOP ABYX
SHAHTUOMEPHBIX COCTUHEHUIA, T. €. TOMOT€HHAasI pa3yImopsIIoueH-
Hasi CMeCh 9HAHTHOMEPOB ¢ cooTHoIeHreM 1:1. OnpeaeauTb TUI
palieMara MOXHO TI0 BUIY ero ()a30Boil auarpaMMebl (puc. 7.34).



() () )
coCTaB
a 3

Tl'lIl

(+) (&) =)

CoCTaB

8

Puc. 7.34. ®azoBble auarpaMMbl TEMIIEpaTyp IUIABICHUS IS pAueMu4ecKoeo
KoHenomepama (a), ucmunroezo pavemama (0) U ncegdopauemama (8)

J1st palieMUYecKrX KOHIJIOMEPATOB Ha JuarpaMme IPUCYTCTBYET
MHUHUMYM TEMIIEpaTyphbl TUIABJICHUSI B TOUYKE SKBUBAJIEHTHOCTU
(@), 1T WUCTUHHBIX palleMaTOB HAOJIOMAIOTCS SBTEKTUICCKHE
TOYKHU ¥ MAKCUMYM, COOTBETCTBYIOIINY COOTHOLIEHNIO SHAHTHO-
mepoB 1:1 (6). TBepable pacTBOPbl SHAHTUOMEPOB UMEIOT MOCTO-
SIHHYIO TeMIlepaTypy IuiaBjieHus (8).

Hauboiee o6muM 1 HauboJiee yoTpeOUTEIbHBIM METOIOM
paznesieHus] SJHAHTMOMEPOB 0 CUX TIOP OCTaeTCsl UX XUMUIe-
CKO€ pacllleTuieHre yepe3 nuactepeoMepsl. s aToro cyocTpar,
KOTOPBIf HEOOXOAMMO pa3ie/IuTh, CHayaa 00pabaThIBaeTCs O~
HUM U3 9HAHTUOMEPOB XUPATBHOTO pAcCujenisioueso peazenma.
B pesynbraTte peakiiuu obpasyercs rmapa IuacTepeoMepoB. DTO
MOTYT OBITh, HAlIpUMEp, MOHHBIE COeTUHEHUs (IracTepeomep-
HbIE COJIN), KOBAIEHTHbIE COCTUHEHUSI, KOMITJIEKCHI C MEPEHO-
COM 3apsifia, COeMUHEHUsT BKIIIOYeHUs U T. A. Jluactepeomepsl,
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[(R)} + (S — [(R,S)’ JpoGHast (R,S)— (R)

KpUCTa/UIU3aL s .,
(S) (8,8)] " (S.5) (S)
Pauemar Omnruuecku CMmech Yuctoie Yucteie
aKTUBHBIA  JMacTepeo- NIACTePeo- SHAHTHO-
(S)-peareHT MEpOB Mephbl MepbI

Puc. 7.35. O61mast cxema pasnesieHUs 9HAHTUOMEPOB Uepe3 TUacTepeoMephl

COOH COOH
Ph+ + H+Ph + H+NH2 —
CHMe, CHMe,
(S) (R (7.4)
panemar
__, CMeChb IMaCTePEOMEPHBIX Kpuctaumsaims [: (S,R)-conb
T conei (S,R) u (R,R) 13 BOLHOTO (R,R)-connb

crmpTa

Puc. 7.36. PacieruieHue paiiemara o-(heHUIM30MaCISIHONM KMUCIOThI

KaK MBI YK€ XOpOIIIO 3HaeM, 00JIaJlaloT pa3HbIMU (PU3NIECKUMU
U XMMUYECKUMU cBoiicTBaMu. VX yxke MOXHO pasfesuTb pas-
JWYHBIMU criocobamu. Hampumep, coiu vamie BCero AENsIT
JIPOOHOI KpHCTaTh3aleil, KOBaJIEHTHbIE COeTUHEHMST — KPHU-
CTaJIM3alueil WM pa3IMuHbIMM METOAaMMu XpoMaTorpadum.
O6urasa cxeMa mpollecca nokaszaHa Ha puc. 7.35, a KOHKPETHbII
MpuMep TpuBeaeH Ha puc. 7.36.

B kauecTBe nepBbIX PACIIETIISIONINX PEATEHTOB ITUPOKO UC-
MOJIb30BAJIUCh XUpaJbHbIE TMPUPOIHbIE coennHeHus. Ceityac
KPYT JOCTYITHBIX PeareHTOB OueHb MUPOoK. HekoTopsie nprme-
pbl IpUBEIEHBI Ha puc. 7.37. He TpyaHO BUIETh, UTO BCE 3TU pe-
areHThl TIPUTOAHBI I paclIeIUIeHUsT COeNMHEHMI, comepKa-
X (QYHKIMOHABHBIE TPYNIBI B MoJieKyJsie. TpynHee pasne-
JINTh 9HAHTUOMEPHI yIiieBogoponoB. Hampumep, Takas 3amaua
BCTaja MpU pa3nejeHNd Ha SHAHTUOMEPHI MPAaHC-TTUKIOOKTe-
Ha (37). OHa Obla U3SIIHO pellleHa C UCITOIb30BaHUEM YXKe M3~
BECTHOTO HAaM CBOICTBa aJIKEHOB 0OOpa30BbIBATH KOMILIEKCHI
¢ MepexogHbIMU MeTajuiaMu. MBI yXe TToApOOHO paccMOTpeIn
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Pearentsi st pacumenieHusa KucjaoT

NHCH,
=~ "CH,
OH
R = OMe, Bpyuun (IR,2S)-(—)-Ddenpun
R = H, CrpuxHuH
CH3 CH3
Y_{C::> }\NHR }\NHz
H H
(S)-(—)-a-MeTunbeH3nIaMHbI (S)-(—)-o-(1-HadTrn)sTnnamMmuH

R = H; CH,Ph; CHMe,; Y = H;
R=H;Y=NOy;

Puc. 7.37 (nayano). XupajibHble pacllersiolne peareHTbie

3JICKTPOHHYIO CTPYKTYPY TaKMX KOMILJICKCOB B JIKIIMU 4 Ha
npumepe conau Lleiise. Tpauc-LIMKIOOKTEH OBLI TpeBpalleH
B IJIATUHOBBIN KOMIUIEKC (62) ¢ ONTMYECKH aKTUBHBIM O-(de-
HWISTWUJIAMUHOM.

OueBUIHO, YTO KOMITIEKC (62) mpencTaBiseT coOOii cMech
JIBYX TUACTePEOMEPOB, MOCKOJIbKY B MOJIEKYJIEe [1Ba 3JeMEHTa
XUPATbHOCTUA — XUPAJIbHBIM LIEHTP B aMUHE M XUpaJbHAsI TIJ10-
CKOCTbD B aJIKEHE. DTU JUACTEPEOMEPDI YIAIOCh Pa3ae/IUTh IPO6-
HOW KpUCTAJUIU3ALIUEN.

(CH,)4 Cl CH;
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PearenTs nyis paciuenjieHusa aMuHOB

COOH
OCH,
H—+—OH SO;H )\
O sy
HO——H COOH
CF,
COOH
(2R,3R)-(+)-BunHass  (+)-10-kadopcynbbdo- Kwucnora Morepa
KHUCIIoTa KHUCIIoTa
COOH
oo )
Mg S i
COOH

0,0-110eH30MIBUHHAS KUCIIOTA

PearenTs! 1151 pacuiensieHusi CnupToB U GeHoIoB

@” J\NCO
H

OYCI
(0]
Q-METWIOCH3WIN30IIMaHUT METUJIXJIOpKapOOHaT
H,C_ CH,
e O O COZH
\P/
O/ \OH
H.C
(0]
(S)-(+)-1,1"-6unacdrumn-2,2’- (1S,4R)-(—)-w-kamdbaHoBast
nuuaruapodocdar Kucjaora

Puc. 7.37 (okonyanue). XvpajbHble pacIleIISIONINe peareHThl
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[Mpssmoe xpomaTorpacduyeckoe pasiesieHrue SHAHTHOMEPOB
CTAHOBUTCS BO3MOXHBIM, €CJIU HUCMOJIb30BaTh XUPAJIBbHYIO CTa-
oHapHylo ¢da3y. B kauecTBe xupanbHbIX (Da3 yaiie BCeTo ceii-
yac UCMOJB3YIOTCS MPOU3BOMHBIE TMPUPOAHBIX TOJIUCAXapU-
JIOB — 11JUTIONO3bl U aMWI03bl. OOBIYHO 3TU XUPaATbHbIE TIOJIU-
Mepbl TMOABEPTaAIOTCS XUMUYECKON MomubuKaluu, Hanpumep
AlUJIMPOBAHUIO TIO CBOOOIHBIM I'MIPOKCUIBbHBIM rpynnam. Ha
puc. 7.38 moka3aHbl CTPYKTypHbIe (DparMEeHThl SHAHTUOCEIEK-
TUBHBIX (a3 Ha OCHOBE LEJUTIONO3bI U aMUJIO3bI.

O
@

g / O0cH,

R = 3,5-(CH3),

Puc. 7.38. CtpykrypHble (hparMeHThl SHAHTUOCETIEKTUBHBIX (a3 Ha OCHOBE 1T~
JII0J103bI U aMUJIO3bI

R =3,5-(CH3),

=
ZI
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L-RCH—COOH L-RCH—COOH
NH, (CH;3CO0),0 NHCOCH; Anunaza
D—RC|H—COOH D-RCH—COOH ~¢HsCOO0H
NH, NHCOCH,
0-AMUHOKHUCJIOTA N-aHeTMﬂ-(l-aMI/IHOKI/ICJIOTa
(pauemar) (pauemar)

L—RClH—COOH

___ NH,
D-RCH—COOH
NHCOCH,

(7.5)

Paznenenue cmecu

A

L—R(|ZH—COOH D-RCH—COOH
NH, NHCOCH,
L-a-amuHoKucIoTa N-anetwi-D-a-amMmuHOKuUCIOTA
+HCI

D—RClH—COOH + CH,COOH
NH,

D-a-amuHokuciora

Puc. 7.39. O0ast cxeMa pasnesieHus] paleMUYecKuX o-aMUHOKUCIOT C IMOMO-
1IbI0 N30MPATETHLHOTO (DePMEHTATUBHOTO TMIPOJIN3a

Bosbiioe npeumyiecTBo XMpajabHOU XpoMatorpacduu co-
CTOUT B TOM, UTO €€ MOXHO MCIOJIb30BaTh [IJIsI Pa3/ICICHUST He-
MOJISIPHBIX coenrHeHuit. Ee 0cOOEHHO YacTo MCIOJb3YIOT KakK
AHAJIMTUYECKUI METOI OTIpeNIeIEHUSI SHAHTMOMEPHOTO COCTaBa.
ITpumep 13 cBoeit TIPaKTUKU $1 TIPEACTABIIO BaM B KOHILIE 3TOi
JIEKLIM.

B psine cnydaeB it pa3aeseHUsI SHAHTUOMEPOB MOXHO KC-
MOJIb30BaTh OMOXMMMYECKME METOIbl, OMUpascCh Ha CTepeo-
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<

crenmpUIHOCTh (DepMEHTATUBHBIX MporeccoB. Hampumep, xo-
pOIIIO M3YyYeHO pa3nejieHrue 3HAHTMOMEPOB O-aMUHOKUCIIOT.
PaniemMuyeckyio aMMHOKUCIOTY CHavyaia aueTWIMPYIOT 10 aMK-
HOTpYIMIIE, a 3aTeM MPOBOAIT (hepMEHTATUBHBIN TUAPOIU3 CMe-
cn N-aleTUIbHBIX TPOM3BOMHBIX II0f AeiicTBHeM hepMeHTa
aumaasbl. DepMeHT U30MpaTeTbHO TUAPOJIU3YET ToJIbKO L-atie-
TWJIBbHOE TIpousBomHoe. Hampumep, N-ametwi-L-metTmoHUH
non aeiictBrueM aumaasbl ruapoausyetcs B 1000 pa3 ObicTpee,
yeM alleTWJIbHOe Ipom3BogHOoe D-MermonmHa. OOmas cxema
peaxkiuu npeacTapieHa Ha puc. 7.39.

DepMeHTHI, THUAPOIMN3YIONINE B XKMBBIX KJIETKAX CIIOKHBIC
a¢bupbl (HarpuMep, KUpbl), Ha3bIBalOTCA JunazaMu. OHU Toxe
SHAHTUOCEJIEKTUBHBI, a MO3TOMY MX MOXHO IIPUMEHSTH IS
pacuieTuieHusI Ha SHaHTHMOMEPbI THAPOKCU-TIPOU3BOIHBIX. BoOT
KOHKpEeTHBIN mpuMep. Kak MBI yxKe 3HaeM, yuc-1,2-TuTuapoK-
cuLMKJorekcaH (5) axupalieH, HO ero mpaHc-u3oMep CylIeCTBY-
eT Kak Tapa 3HaHTHOMepoB. Eciam palleMmyeckoe coemMHEHME
MpoaleTUIMPOBaTh, a 3aTeM 00pabOTaTh JIMMA30i U3 OaKTepH-
aJTbHOU KYIbTYpBI Pseudomonas cepacia (3T TTaTOTeHHBIC OaKTe-
pPUM BBI3BIBAIOT BOCIAJIEHHUE JIETKUX), TO TUAPOJMU3Y TOIBEepra-
eTCS MPAKTUYECKN TOJBKO R,R->HAaHTHMOMEpPHBIN 3¢up (ypas-
HeHwue 7.6):

OCOCH,

Jiarasa
- >

u3 Pseudomonas

‘\OCOCHS cepacia

Panemar
mpanc-
(7.6)
OH \\\\\OCOCH3
_— +
“IOH OCOCH;
R,R-3HaHTHOMED S,S-3HaHTHOMED
BbIxXOX 84% BBIXON 76%

ee =99% ee =99%
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7.4. [OMOTOMHbIE, SHAHTUTOMHbIE
M AMACTEepeOoTOMNHble OTHOLLUEHMWA TPy
B MOMeKynax

IIpn ucciaemoBaHUM XMMHMYECKUX peaKIUii HEOOXOZMMO YC-
TAHABJIMBATh CTEPEOXMMUYECKME COOTHOIICHUSI MEXIy pa3-
JIMIHBIMU CTPYKTypaMu. Ilpn onmmcaHnM TaKMX COOTHOIICHUIA
WCIIOJIb3YeTCsl  CIleliMalibHasi HOMeHKatypa. HMoenmuunvimu
epynnamu Ha3bIBAOTCS (PparMeHTHI MOJIEKYJI, UMEIOIINe OTUHA-
KOBBIf COCTaB, CTpPO€HUE U KOHpUrypauuw. Mdenmuunsie epyn-
Mbl MOT'YT 3aHUMATh OJMHAKOBBIE WJIA Pa3HbIE MOJOXEHMS B MO-
nekynax. Hanpumep, B monekyine 1,3,6,8-tetpanutpodiyope-
Ha (63) MICHTUYHBI BCE YEThIPe HUTPOTPYIIIIbI, HO OMUHAKOBBIC
MTOJIOKEHUSI 3aHUMAIOT ITIOMAapHO TPYIIIL B IOJOXEHUSX 1,8
u 3,6.

G
|
.

O,N NO,

NO, NO,

(63)

WnenTu9HbBIe TPYIIIbI, 3aHUMAIOIINEe OTNHAKOBBIC ITOJIOXKE-
HUSI, Ha3bIBAIOTCSl 9KGUBANEHMHbIMU VW eomomonHeimu. OHU
MEPEBOIATCA OAHA B JAPYTYyIO0 IPU IOBOPOTE MOJIEKYJIBI BOKPYT
ocu BpameHus C,. B coennaennn (63) 310 och BTOpOTO MOpsiaKa
C,, B HEM Bce YEeTbIpe HUTPOTPYMIIbl UACHTUYHBI, HO TOMOTOTI-
Hbl TonapHo. Ha puc. 7.40 mokazaHo eliie HECKOJIbKO TPUMEPOB
CTPYKTYpP C TOMOTOITHBIMU TPYITITAMMU.

IIpu 3amernieHun 11000 M3 TOMOTOMHBIX T'PYIIIT HAa HOBYIO
rpyniy (Z) B MoJyieKyJie 00pa3yloTcsl UACHTUYHbIE COCAUHEHUS
(puc. 7.41).

Ecnu B Mosekyse OTCyTCTBYeT OCh BpAIllEHUSI BTOPOTO WU
OoJiee BBICOKOTO TOPSINIKA, TO UIEHTUYHBIE TPYIIIIBI B HEW oHaH-
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T'omoTOnHbIE rPyNIbI
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Puc. 7.40. MoJieKyJibl ¢ TOMOTOITHBIMU TpyIIaMKi

/I\ WneHTnHbI

A

V4

Puc. 7.41. [1pu 3amelnieHun B MoOJIeKyJie JIIOOO U3 TOMOTOITHBIX IPYIIT Ha HO-
BYIO Ipyry (Z) o6pa3yloTcst MACHTUYHbIE COSTUHEHMS

muomonnut. [1py 3aMelieHnY 10001 U3 HUX HOBO# rpymmoii (Z)
o0pa3zyioTcsl 2HaHTUOMEDPBI. Hampumep, SHATUOTOMHBI MPOTO-
Hel rpynmsl CH, B atanone (puc. 7.42). Takue MoIeKyJbl, Kak
MBI YK€ 3HaeM, Ha3bIBAIOTCSI TPOXUPATbHBIMU.
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OH

H. e N Z
OH (1) H

/“ DHAHTUOMEPBI

“H

HC 1 m OH

Hp/{“{
V4

Puc. 7.42. DHaHTUOTOMHBIE MTPOTOHBI B MOJIEKYJIE 3TaHOJIA

Ecnu B Mosiekysie mpu 3aMeIlieHMU OMHOM U3 ABYX MIEHTUY-
HBIX IPYIIN 00pa3yloTCs IMacTePeOMephl, TO TaKKe IPYIIIbI Jua-
cmepeomontbl (puc. 7.43).

T
Z—C—H
A

HA_C_HB CH3

ﬂnaCTepeOMepr

Q—?—H ?m
CH, PN H—C—z
H, 1 Hg nnactepeotunss Cl—C—H

|
CH,
0

Cl H

H H

t |

TIPOTOHBI B HEMICHTUIHBIX ITOJIOKEHUSIX
(ripu 3aMeHe Ha Z TOoJy4aloTcsl pa3Hble M30MEPhI TTOJIOXEHMIA)

Puc. 7.43. [lnactepeoToIHbIe TPOTOHBI B MOJIEKY/IaX HE CBS3aHBI IPYT C IPYTOM
HHMKAKUMHU JIEMEHTaMU CUMMETPUU
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B crniekrpax 'H- u BC-4MP romortornHble IpyImbl BCerna
TPOSIBIISTIOTCST KaK 2KBUBaJIeHTHBIe. CHUTHAJIBI TaKWUX TPYIIT
BCeTIa MMEIOT OMMHAKOBBIC XUMUYECKIE CIBUTH. DHAHTHOTOII-
HBIE TPYMITBI TAKKE MPOSIBIISTIOTCS KaK SKBUBAJICHTHBIC B CIICK-
tpax 'H- u BC-4MP, eciu ux usmepeHue MpoBOLUTCS B axu-
paIbHOM pacTBopuresie. JlmacTepeoTOmMHbBIe TPYIIIIEL B CIIEKTpax
SIMP Bcerna naroT pa3Hbie CUTHAJIbI.

ITo ananorum ¢ SHAHTUOTOITHBIMU WJIN THACTEPEOTOITHBIMU
aToOMaMM ¥ TPYIIIaMU B TPUTOHAJIBHBIX IIOCKUX MOJEKYIax
pPa3IMYaAIOT 20MOMONHbBIE, SHAHMUOMONHbIe T JuacmepeomonHoie
nosepxrocmu. PaccMOTpuM B KauecTBe IIpUMepa MOJICKYIY Kap-
OOHMJIBHOTO COCNVMHEHUS C OOWHAKOBBIMU pagukajaMm R
(puc. 7.44). HykineodmibHOE TIPUCOCANHEHNE aXUPATbHOIO pe-
areHTa A~ Mo KapOOHWJIBHOMY YIJIEPOAY IPUBOIUT K OTHOMY
W TOMY e IPOmyKTy. TakuM oOpa3oM, IBe ITOBEPXHOCTH (IBE
CTOPOHBI TNTOCKOCTU KapOOHWJIBHOM TPYIIIBI) B TAKMX MOJIEKY-
JIaX 9KBUBAJIEHTHBI (20MOMONHbL).

Ecnmu Momekyna KapOOHWJIBHOTO COCIWHEHHUS HECHMME-
TPUYHA, HATIPUMED, B CIydae, €CJIM MbI BO3bMEM alleTaabICTH
Wi OyTaHOH, aTaKW aXWpPaJbHBIM PEareHTOM C IBYX CTOPOH
TIPUBOMAT K TIPOMYKTaM, KOTOPBIC SIBIISIIOTCS SHAHTHOMEpaMU
(puc. 7.45). JIBe MOBEpXHOCTH TaKUX MOJICKYJI HAa3bIBAIOT HAH-
MUOMONHBIMU.

Ecnu ncxomabie BeliecTBa M cpela ONTHUYECKU HEaKTUBHEIL,
00a 3HaHTHOMEpa 00pPa3yIOTCSI B paBHOM KomdecTse. [t Toro
YTOOBI PeaKIIvs CTajla SHAHTUOCEICKTUBHOM, HY>KHO MCIIOJIb30-

A@
A9 ﬁ AL /06 eo\ A
L C C = X a7
/ \ - SN\
K R K R R R

Puc. 7.44. ToMOTOIHbBIE TOBEPXHOCTH MOJIEKYJIbl CUMMETPUYHOTO KapOOHUITb-
HOT'O COEIMHEHUS
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DHaHTHOMEDPBI

Puc. 7.45. DHaHTUOTOITHBIE TTOBEPXHOCTH MOJIEKYJIbI KAPOOHMIBHOTO COCIMHE-
HUSI

BaTh XWpPaJIbHBIA KaTaau3aToOp WM XUpaldbHBINA peareHT. [lpu
aTake YHAHTUOTOIMHON IOBEPXHOCTU XMPaJbHBIM OINTUYECKU
aKTUBHBIM pEareHTOM O0pa3yloTcs OuacTepeoMephl, HO He
B PaBHBIX KOJIMYECCTBAX.

JIBe SHAHTHUOTONHBIC IIOBEPXHOCTU MOJIECKYJIBl CBSI3aHBI
MexXIy coOOil ornepauueil CUMMETpUM — OTpaXeHUEM B 3ep-
KaJbHOM riockoctu. Eciin e aBe TOBEpXHOCTH HElb3sl CBSI3aTh
HUKAaKMMH OIepallusIMU CUMMETPUU (KpoMe HICHTUIHOCTH),
TO TaKue MOBEPXHOCTU Ha3bIBalOTCs duacmepeomonHvimu. Ha-
npuMep, B 2-GeHUIO0yTaHOHE ABE TIOBEPXHOCTHU JuUAcCmepeomon-
Hbl, U B pe3yJibTaTe TIPUCOCTMHEHUS aXUpabHOTO HyKJIeohua
A~ 00Opa3syloTcs auactepeoMepsl (puc. 7.46).

DHaHTUOMEPHl W IUacTepeoOMephl Pas3IMJaroT, HMCITOJIb3Ys
COOTBETCTBYIOIIME AecKpunropsl — R, S, E, Z u 1. n. na pas-
JIMYAFOIINXCS IO CTEPCOXUMMUU 3aMECTUTENIC M CTOPOH TaKxKe
CYILIECTBYET CIlellMajbHasi HOMEHKJIaTypa, KOTopasi HaM TOHa-
IOOUTCS B maJdbHEHIIEeM B 3TOM Kypce. I1ycTh MBI mMeeM B MO-
JiekyJie mpoxupaibHblid IeHTp C,,,.. Hanpumep, BepHeMcs: CHO-
Ba K puc. 7.42, rme MBI pacCcMaTPUBAI SHAHTUOTOITHEIE IIPOTO-
Hbl B CH,-TpyIine MojieKyJibl 3TaHoJIa. 3aMeCTUM OIVH U3 HHUX,
Hanpumep H, (puc. 7.47), Ha neiitepuii. Torma, B COOTBETCTBUU
C TpaBUJaMu CTapUIMHCTBA, 00pa30BaBIIMiiCS U30TONOMEp Oy-
neT uMeTh R-KoHdpurypamuo. [lostomy H, mpunuceiBaem ru-
MMOTETUYCCKUI KOH(MUTYPALIMOHHBINT cUMBOJ pro-R. Ecmu ke
3aMeCTUM Ha neiitepuit mpotoH Hg, To moayuum (S)-u3otomno-
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Puc. 7.46. [luactepeoTOITHbIE TOBEPXHOCTU MOJIEKYJIbI KApOOHWIBHOTO COCIM-
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Puc. 7.47. DraHon, (R)-3tanon-d; u (S5)-31aHon-d|, @ TAKXKE APYTHE MOJIEKYJIbI
C SHAHTUOTOITHBIMU MTPOTOHAMU

Mep, a moatoMy Hy cienyer mpumucath KOHOUTYpallMOHHBIN
cuMBoI pro-S. Takue MpOTOHHI (a TaKKe IPYrue 3aMEeCTUTENIN)
9acTo 0003HAYAIOT B CTPYKTYypaX, MCIONb3YS IEeCKPUNITOPHI R
M S KaK HUXKHUE CUMBOJTBI (cM. puc. 7.47).
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7.5. Crepeoxnmmyeckas KoHPUrypaums
n Buonornyeckme cBOMNCTBa MONEKY

HTak, MBI y3Ke 3HaeM, UTO BCE SKUBBIC OPTAHU3MBI 20.MOXUPAAL-
Hbl. BOJIBIIMHCTBO NMPUPOAHBIX KaTaanu3aTOPOB-(hEPMEHTOB XU-
paJIbHO U «HACTPOEHO» Ha aKTUBALIMIO CYyOCTPATOB CTPOrO OIIpe-
IEJICHHON CTepeOXMMUYECKON KOHMUTYypalluu, a II03TOMY
SHAHTUOMEDPHI MOTYT KapIWHAJIbHO pa3inyaThCcs IO CBOEl OUo-
JIOTMYECKOI aKTUBHOCTHU. B tuTepartype BbI HalineTe MHOXXECTBO
TOMY TIpUMEpPOB. $I OrpaHNYYCh HECKOJTBKUMH. DHAHTHOMEPHI
yacTo 00J1anaoT pa3HbIM 3amaxoM. Hanpumep, xopoiiio uspect-
HBII TepIrIeHOUI TMMOHEH (64), C KOTOPBIM MBI €I1Ie BCTPETUMCS
B 9TOM Kypce T03Xe, CYIIECTBYET B BUIE IBYX SHAHTUOMEPOB.
(S)-DHaHTHOMEp 00/amaeT 3amaxoM JUMOHA, a €ro ONTUYECKU
AHTUIION TIaxXHET ameJbcuHoM (puc. 7.48). JIBa 3HaHTHOMeE-
pa MakposiakToHa (65) Takke maxHyT mmo-pasHomy. (S,S)-M13o-
Mep (66) LIMPOKO MPUMEHSIEMOro B KayecTBe IOACIACTUTENS
IJIST OOJIBHBIX CaXapHBIM AMa0eTOM acllapTaMa Ha JIBa MOpsiaKa
TIPEBOCXOMNT B CJIAMOCTU C€axapo3y, B TO BpeMs KaK €ro
(S, R)-nnacrepeonzomep — ropbkuii (cM. puc. 7.48). Tokcuu-
HOCTh ipupoaHoro (S)-HukoTrHa (67), o mpupoae Gpru3noIoru-
YeCKOTO JIEHCTBUSI KOTOPOTO s YK€ paccKasbIiBal B OXHON U3
MPEeAbIIYIIUX JeKIU, MOYTU Ha Ba IOpPsIIKa BBILIE, YEM €ro
(R)-3HaHTHOMEpA.

3HaUNTENbHBIC, HO TTOYTH Oe3BPEHHBIC Pa3IMIMs B 3allaxe
1 BKyce MOXHO TepexuTb. Ho u3BecTHO 00/b110e KOTUYECTBO
cJIyJaeB, KOTa pa3inyus B OMOJTOTMYeCKOM NeCTBUM SHAHTHO-
MEpOB MIPUBOMIN K TpareaussM. CaMblil M3BECTHBIA U3 HUX —
ucropus ¢ TanuaoMunoM (68) (puc. 7.49). DroT npenapar nosi-
BWICS Ha (hapMaleBTUUEeCKOM phiHKe B I'epmannu B 1956 1. Kak
MSTKOE CeIaTUBHOE CPEICTBO, KOTOPOE OCOOEHHO PEKOMEHIO-
BaJIOCh OEpeMEHHBIM KEHIIIMHAM Ha MepBOil TpeTH 6epeMeHHO-
ct. OHO CHUMAJIO CUMITTOMBI TOIITHOTHI, YIy4Iiajao coH. OmqHa-
KO BCKOpE TOCJIEe TOTO, KaK IperapaT Hadal ITPOKO MUCITOIb30-
BaTbCsl, PE3KO YBEJUUYMIIOCh YMCIIO CIyvyaeB, KOrma poxXaaluch
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Puc. 7.48. buonornueckue CBOIICTBA CTEPEOU3OMEPOB MOTYT CUJIBHO Das3iu-
4aTbCst
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(63)

Puc. 7.49. DHaHTHOMEPBI TATUAOMHUIA

MJIaIEHLIbI C BPOXICHHBIMU YPOACTBAMU. Y MHOTUX U3 HUX OT-
CYTCTBOBAJIM KOHEYHOCTH, ObUTH J1e(OPMUPOBAHBI BHYTPEHHUE
opranbl. C 1956 mo 1962 r. ObUIO 3aperdMCTPUPOBAHO OKOJIO
10 000 Takux ciay4yaeB. M3 aTux geTeit BBKUIM HEMHOTHeE!

TmatenbHOE MccaeIoBaHKEe MMOKA3alo0, YTO 3a HebJaronpu-
SITHBIE MOOOYHBIE 3(P(PeKTHI 0TBeTCTBEH (.5)-2HaHTHOMEp. Tepa-
TOT€HHOE ¥ SMOPHOTOKCHUIECKOE ACHCTBUE MPOSIBISTIOT €T0 Me-
TabommThl. OMHAKO 0Ka3aJ0Ch, YTO B OPTaHU3ME JOBOJIBHO OBI-
CTPO MPOMCXOIUT palleMu3alys Taiaomuaa. [loatomy nepexon
K WCITOJIb30BaHMIO YMCTOTO (R)-3HAaHTHMOMEpa HE pellaeT BCeX
pooJieM.

B HacToAllee BpeMA TanuAoMUA yCnelwlHO npuMeHAeTca ANA seYeHUA npokasbl,
MHO>XECTBEHHOW MUENOMbI U APYrMX cepbe3HbIX OHKOJIOrn4ecKmnx 3a601eBaHu.

DTOT U ApyTue ciaydau IPUBEIN K Pe3KOMY YXKEeCTOUCHHIO
TpebOBaHUII K XMpPaJbHON YKMCTOTE JEKApCTBEHHBIX Ipernapa-
toB. Ceituac cpenu 500 Hanbosiee ynoTpeOUTEIbHBIX JEKAPCTB
JI0JIsI XMPAJIbHO YMCTHIX MpernapaToB yxe npesbicuiia 60%, u aTa
JIOJIsl HETIPEPBIBHO pacTeT 3a CYeT YMEHBIIEHUS JOJIU palleMaToB
(<20 %) n HexupanbHbIX coenuHeHUI (< 20 %), mpuyeM 0co-
OEHHO OBICTPO B CEKTOPE HOBBIX JIEKAPCTBEHHBIX BelllecTB. [103-
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TOMY Pa3BUTHE METOIOB DHAHTHMOCEJIEKTUBHOTO CUHTE3a B Ha-
CTOsIIIIee BPeMsI CTaJlo OMHUM M3 OCHOBHBIX HAIPaBJIEHUN TOH-
KOTO OpraHuyeckoro cuHTte3a. [lompoOHOe paccMoTpeHue
COCTOSTHUSI 3TOM 00JIACTH BBIXOAUT 32 PAMKH HAIIIETO Ha4aJIbHO-
ro Kypca opranuueckoit xumuu. Ho B ciemyroniux Jekuusix He-
KOTOpbIe HanboJiee o0lue CBeIeHUS 1 Oyay MPUBOAUTD.

7.6. DHAHTUOCENEeKTUBHbIA CUHTEe3.
XupasnbHble peareHTbl U KaTann3aTopsl

XuMmdecKast peakiiis MEXKIy IBYMS aXUPaTbHBIMA COSTUHEHM -
SIMA TIPUBOJIUT, KaK Mbl YK€ BUIEIM, K paleMUYECKOMY IIpO-
IYKTY, T. €. CMECU SHAHTHOMEPOB B PABHOM COOTHOIIICHUM. 15T
TOTO YTOOBI IIPEUMYIIECTBEHHO OOpa30BbIBAJIACh TOJIBKO OJHA
U3 CTepEeOU30MEPHBIX (hOPM, HEOOXOMMMO HAIMIUNE CHMEPeoHa-
npaesasiouweeo paxkmopa. Takum (pakTopoM Yallle BCETro SBISIETCS
9JIEMEHT XUPATbHOCTH (HAIIPUMED, XUPaAIbHBIN LIEHTP, OCh WX
IUIOCKOCTB), KOTOPBI MOXET HaXOAUThCS KaK B CyOCTpare, Tak
U B peareHTe WwiK B Katanu3atope. OH U OCYILECTBIISIET acumMme-
mpuyeckyo uHOyKyuio, Harpasisisi (hopMUpOBaHE HOBOTO BO3-
HUKAIOLIETO CTEPEOLIEHTPAa B CTOPOHY O0Opa30BaHMS TOIO WU
WHOTO cTepeon3omepa. Ecim mporcXxoauT mpeBpallieHue eomo-
MONHbIX TPYII WIKA IIPUCOCAMHEHHUE K 20MOMONHbIM CTOPOHAM,
TO 00pa3yeTcsT eIMHCTBESHHBIN TTPOAyKT. [IpMep — BOCCTAaHOB-
JIEHKME alleTOHA KOMILJIEKCHBIMY TMAPHIAMU aJlIlOMUHUS U Oopa:

o HO H H OH

)J\ 2)H,0 M : (7.10)

H,C~ “CH, H,C~ “CH, H,C~  CH,

Ecnu mpoucxomuT TipeBpallieHUue IHAHMUOMONHBIX TPYIII
WIN IPUCOEIUHEHUE K SHAHMUOMONHbIM CTOPOHAM, TO 00pa3y-
foTCsl cTepeom3oMephl. Eciim B peakium K TakoMmy cyOcTpaTy
MPUCOEAMHSETCS axupalbHbIii peareHT, TO oOpasyercs aBa
aHaHTHOMepa. Eciu ke mpucoennHsIeTcs XupalbHBI peareHr,
TO 00pa3yloTcst AuacTepeomMepbl. [103TOMy BOCCTaHOBIIEHHE Me-
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TIJIOCH3UJIKETOHA aTIOMOTUIPHUIOM JIMTHUS TIPOXOIUT ¢ 00pas3o-
BaHUEM NIBYX SHAaHTUOMEPOB B COOTHoIleHuu 1: 1, a mpu Boc-
CTAaHOBJICHUM XUPaJTbHOTO KeToHa (67) mmactepeoMepsl 00pa3y-
I0TCSI YK€ B HEpaBHbBIX KOJIMYECTBaX.

CH,
LiAlH,_
(7.11)
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(67) (7.12)
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Ecnu B cybcTpare OTCYTCTBYET CTEPEOHAIPABIISIIOIMINIA XM~
paJbHBIA aTOM, MOXHO WCMOJIb30BaTh XUPAAbHbIL B8CHOMO2A-
menvHblil peacenm, KOTOPbIM 0Opa3yeT aaayKT C CyOCTpaToOM.
IIpu 3TOM cam cyOCTpaT CTAaHOBUTCSI XUPATbHBIM, U JaJbHEN-
€ TIPOIECCHI C €T0 YyUYacTHEeM ITPOTEKAIOT SHAHTUOCEICKTUB-
Ho. [To 3aBepIieHUU CMHTE3a BCIIOMOTaTebHbII peareHT yaasi-
eTca. HemoctaTkoMm 3TOro momxoma SIBISICTCS HEOOXOIMMOCTH
JIBYX IOTIOJHUTEJIbHBIX CTAAUMN [JIS BBEACHUS U yIAJEHUS XU-
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paIbHOTO BCTIOMOTaTeIbHOTO peareHTa. KpoMe Toro, cam BCITo-
MOTaTeIbHBIN peareHT UCIOJIb3yeTCs B CTEXUOMETPUUECKOM KO-
JINYECTBE, YTO MOXKET 3HAYUTEJBHO YBEINIUTh CTOMMOCTh CUH-
Te3a. BoT spkuit mpumep cTepeoceeKTUBHOTIO aJKUINPOBaHUS

IUDTUJIKETOHA:
O*\/OMe
I\|I /

(0] N
NH, 1) LDA
\)J\/ XUPAIbHBIA \)J\/ 2) n-C3H71
BCIIOMOTATeIbHBII
peareHT
(7.13)
N
/
\JY \)CI)Y
C;H;-1 C;H;-H

ee=97%

CTeneHb CTEPEOCEICKTUBHOCTH JIJISI KaKOM-JIMOO KOHKPET-
HOI peakiMu Mpeacka3aTh TPYIHO, HO MOXHO c(hOpMYJIMPOBaTh
YCJIOBUSI, HEOOXOAUMBIE ISl €€ BO3HUKHOBeHUs. OOpa3zoBaHue
JINAaCTEPEOMEPOB HWIET Yepe3 MHUacTepeoMEepHBIE IepeXOIHbIe
COCTOSTHUSI, KOTOPbIE pa3InvaloTcsl 10 TEOMETPUU U TTO3TOMY
UMEIOT pa3nnuHylo sHepruio. [To 3Toil mpuynuHe nuacrepeomMe-
pbI BCeraa IOJIy4aloTcsl B peaklUsX B HEPaBHBIX KOJMYECTBAX.
DTO0 sIBJieHHE Ha0JII0MAeTCsl KaK B peaklusX AUacTePeOTOMHBIX
IPYIII WIK CTOPOH MOJIEKYJI, TaK M B peaKLMsIX 9HAHTUOTOIHBIX
IPYIII WK CTOPOH C XMpaJbHbIM peareHToM. HepaBHOE COOTHO-
IIeHUe 00pa3yIoIINXCsS AUACTEPEOMEPOB MOXET OBITH CBSI3aHO
C pa3HBIMM CKOPOCTSIMM MX 00pa3oBaHUs (KUHETUYECKU KOH-
TpoJMpyemasl TUacTepeoCeIeKTUBHOCTb) WUIN C UX PA3TUYHON
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YCTOMYMBOCTBIO (TEPMOAMHAMUYECKM KOHTpPOJIMpYyeMasl Iua-
cTepeocesIeKTUBHOCTh). Kak MblI yxke Buaeau, oopa3oBaHue Ta-
PBI BHAHTHOMEPOB TTPOMCXOIUT B pe3yiIbTaTe peaKIui SHAHTU-
OTOITHBIX TPYIII WJIM CTOPOH MOJIEKYJI C aXMpPaJIbHBIM pearcH-
ToM. B Xoze Takoro rpeBpallieHuss BO3HUKAIOT JBa pa3InYHbIX
IIEPEXOHBIX COCTOSTHUSI, KOTOPbBIE SIBJISIIOTCS 3€PKaJIbHBIMU OT-
pPaxkeHUSIMU IPYT Ipyra, UMEIOT OMUHAKOBBIE SHEPTUH U, COOT-
BETCTBEHHO, 00Pa3yIOTCsI C OMMHAKOBOM CKOPOCThIO. TakmMm 00-
pa3oM, CKOpPOCTU 00pa30BaHUsI ABYX SHAHTHOMEPOB TaKXKe PaB-
HBI, U CTEPEOCEJIEKTUBHOCTU He Habonaetcs. Ternepb BO3bMeM
XMpaJIbHbIA peareHT. HampumMep, Mbl MOXEM IPUTOTOBUTH XU-
panbHbIl THapua amoMmuHus (S)-BINAL-H (69), obpabdoras
(5)-BINOL (32), 0 KOTOpOM $1 y:Ke TOBOPUJI, aTlOMOTUAPUIOM
JATUST U MeTaHOJOM. BoccraHoBieHMe aaKuaeHWIKETOHOB
C TIOMOILIBIO 3TOT0 XMPAJIbHOIO TUAPUIA MPOTEKAET C BHICOKOM
CTEPEOCEIEKTUBHOCTBIO!

0 OH
)J\ (S)-BINAL-H /L
Ph Alk Ph Alk
Alk=n-C-Cy ee>95%
L (7.14)
OCH
O\ 71/ 3
N\
O 'y
(69)

(S)-BINAL-H

I'maBHBI HEAOCTATOK CTEXMOMETPUUYECKUX peaKUUil C uc-
MO0JIb30BAHUEM XMPAJIbHBIX BCIIOMOTATEJIbHbBIX PEATEHTOB U XU-
paJIbHBIX PEareHTOB oueBUIeH. Takue peareHThl 10POTU U TPYI-
HOIOCTYIHBI. ['opa3no 60Jjiee SKOHOMHBI METO/bI CTEPEOCENIEK-
TUBHOI'O CUHTE3a, OCHOBAHHBIE HA UCITOJb30BAHUN XUPATbHBIX
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METAZIOKOMITJICKCHBIX KaTaJM3aTOPOB, OOIBITMHCTBO U3 KOTO-
pBIX ObUTO pa3paboraHo B nocieaHue 30 ner. Pazdepem B kaue-
CTBe MpUMeEpa pPeaklio IHAHTUOCETIEKTUBHOTO THUAPUPOBAHUS
JIIBOMHO CBSI3W HAa KOMILJIEKCAX POJINS

KoMrutekcsl poaus ¢ TpeTHYHBIMU (PochIHAMU TTO3BOJISIIOT
MPOBOAUTHh THMAPUPOBAHUE AJTKEHOB B TOMOTEHHBIX YCIOBHUSIX
MNpU KOMHATHOI TeMmIepaType W MpU HOPMaJbHOM AaBICHUU
C BBICOKMMM BhIxomamu. Cpeay TaKMX KOMITJIEKCOB HamboJee
MoApoOHO ucciienoBaH Kataym3aTop YwikuHcoHa (70). Mexa-
HU3M 3TOTO MHOTOCTAAWMITHOTO TIpoIlecca MeTadbHO W3YYCH
(puc. 7.50). Ha mepBoii cramuy MoJieKyJia IMOJIIPHOTO pacTBOPU-
Tes1s1 (S) BBITECHSIET U3 KOOPAMHALIMOHHON cepbl poausl OMuH
u3 dochrHoBbIX auragaoB. OOpa3yOLIMUACI KOOPAUHALIMOHHO
HEHACBIIIEHHBI KOMITICKC TIPUCOCIUHSIECT MOJICKYTY BOIOPOIa

Ph,P,  .PPh;

(70)
c”  PpPh,
—PPh
lpaCTngI/ITeHL (8
q Ph,P, .S
T AR
\ / cl PPh, \ /H2
BOCCTAHOBUTECJIIBHOC OKHCIIUTEIBbHOC
QJIMMUHUPOBAHUEC TIIPUCOCIUHECHUEC
| %
Ph,P I|{ H Ph,P |
3, \\\\\ 3L,
S N,
| “PPh, | PPh;
S
|
MI/IFpaL[I/IH H Koo;)f]iiaaunﬂ
H
Ph,P, | H
Rh P

P)Ph3

|’“

Puc. 7.50. MexaHu3M ruipupoBaHusi AIKEHOB Ha KaTajlM3aTope Y WJIKMHCOHA
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Yunkuncon Mxeddpu
(14.07.1921—25.09.1996)

Ho6enesckan npemusa no xummm 1973 r. za
UCCNeA0BaHUA MO XUMUM METasINIOOpraHuye-
ckux coeAuHeHuit (cosMectHo ¢ 2.0. ®u-
Luepom).

Pabota B nabopatopun [xedda (Tak
Ha3bIBaNM YWUNKMHCOHA €ro CTyZieHThbl U acnu-
PaHTbl) BCerAa HarloMWHana BpeMeHa «30510-
Toi nmxopagkm» Ha Anacke. OH 3apaxan
BCEX CBOMM FOPAYMM SHTY31a3MOM, Kak pebe-
HOK PafoBasicA KAXKAOMY HOBOMY pesynibTaTy

1, o6nazas TOHKMM YyBCTBOM tOMOpa, MArKO
NoZCMEMBAsICA HaZ, CBOMMMU U YyXXUMU Heyza-
yamun. CrygeHTsl ero 6orotsopunu. O Gecesie € HUM A1 y)Ke paccKasbiBasl B EKLMAX MO
AMP.

¢ obpasoBaHueM yuc-puruapuga. O Takux IUTHApUAAX U 0O
3TOM TIpOllecce OKMCIUTETHLHOTO TPUCOSIMHEHUS 51 yXXe pac-
cKasbIBaj BaM B Jekuuu 3. Ha ciemyromieit cranuu Mojekysia
aJIKeHa BBITECHSIET MOJIEKYJTY pACTBOPUTEJISI, 3aTEM TIPOUCXOIUT
BHyTpuchepHass MUTpalys aToMa BoaopoAa K yriaepomy. 3a-
KJTIOYNTEIbHAST CTadus — BOCCTAHOBUTEJIBHOE SIMMUHUPOBA-
HUE — 3aMbIKaeT KaTaTuTUYECKUMN LIUKIT.

Ecnmu BMecTo TpudeHmiadochrHa B KOOpAUHAIIMOHHYIO
chepy poamss BBECTU XMpaJbHBIM AUdOCHUH, yKe XOPOLIO
Ham 3Hakombiil (S)-BINAP (33), katanmzatop craHOBUTCS
XUpaJbHBIM, W THUAPUPOBAHWE HECHMMETPUYHBIX aJKCHOB
MPOTEKAEeT C OYCHb BHICOKON CTETIEHBIO SHAHTHOCEICKTUBHO-
cti. OAuMH M3 BaXHBIX IMPOLIECCOB — 3IHAHTUOCEICKTUBHOE
TUAPUPOBaHUE AllMJIAMUHOKOPUYHBIX KUCIOT (71) mpoTekaer
B oroM ciydae moutd co 100% cTepeoceneKTUBHOCThIO
(puc. 7.51).

CToJTb ke BBICOKOCEIEKTUBHBIMU KaTaJlu3aTopaMyu THUIPUPO-
BaHUSI SIBJISIIOTCS PYTEHUEBbIE KOMILIEKCHI C XMPATbHBIMU JIMTaH-
maMu. Ha ocHOBe KOMITIEKCOB POIUS M PYTEHHSI pa3pabOTaHbI
MPOMBIIIUIEHHBIE TPOLECChl CUHTE3a BaXKHBIX JIEKAPCTBEHHDIX
nperapaToB. HampuMep, Tak Iory4aioT HalpoKceH (72) — BBICO-
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COOH COOH
_ T R
R NHCOPh R NHCOCH;
1) (7.15)
ee
L* | R=C¢Hs | R=H
(S)-BINAP | 100 (R) | 98 (R) PPh,
PPh,
BINAP
(33
Puc. 7.51. DHaHTUOCEIEKTUBHOE TUAPUPOBAHUE aAlMJIaAMHWHOKOPUYHBIX KHUC-
sot (71)

KO3 dEKTUBHBII TPOTUBOBOCTAIUTENIBHBIN Mpernapat (ypaBHe-
Hue 7.16):

COOH H,
Ru(OAc)2, R-BINAP
H;CO (7.16)
COOH
H,CO
(72)

100%, ee = 97%

Kpome BINAPa (33), nj1st s5HaHTMOCEIEKTUBHOTO TUAPUPO-
BaHMS CO3[aHbl U APYrMe XUpalbHble JuraHasl. HexoTopsie u3
Hux BMecte ¢ BINAP nokasansl Ha puc. 7.52.
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=)

OCH;
PPh,
/Ph
111yy—PPh, o
DIOP
DIPAMP
Ph
W
PPh, H,CO
CHIRAPHOS
PPh,
PPh,
pw
BINAP DuPHOS

Puc. 7.52. XupanbHbie hocopHBIE JIUTAHIBI U ACUMMETPUIECKOTO TUAPUPO-
BaHUSI

Ceiiuac pazpaboTaHbl METObI TPOBEAEHHUS C OUEHb BHICOKOI
SHAHTHOCEJIEKTUBHOCTHIO M MHOTHUX IPYTUX BaXXHBIX XUMHYC-
ckux rmnpoueccoB. [ToMMUMO TuUAPUPOBAHUSI KPATHBIX CBsI3ei
C=C, C=C, C=0u C=N, K HUM OTHOCSITCSI IPUCOETNHE-
HUE METaJUIOOPTraHWYeCKUX U APYIMX HYKIeo(hUIbHBIX pea-
TEHTOB IO KapOOHUJILHOI TpyIiNe, pa3jnyHble peaklud KOH-
JIeHcallluy, BKITIOYas IpucoenuHeHne mo Muxasmo, [4+2]-1u-
KJonpucoeauHeHue (peakuus dunbca — AJbaepa), peakLuu
®punens — Kpadrea, cenekTuBHOE OKUCIEHUE U STTOKCUANPO-
BaHue. C HUMM MBI OyZIeM BCTPEIATHCS ITOCTOSTHHO Ha MIPOTSKE-
HUMU BCEro Halllero Kkypca. Beinaronuecs 10CTHXKEHUS B 00J1aCTU
SHAHTHOCEJIEKTUBHOTO METAITIOKOMITJICKCHOTO KaTajan3a ObLIN
otMeueHbl HobeneBckoit mpemueii mo xumuu 3a 2001 r., KoTO-
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Bbappu LWapnnecc, Puoitn Hovopu n Yuneam Hoyns

pasg Obuta npucyxneHa YunbaMmy Hoymnsy (William S. Knowles)
n3 ¢upmsl «Moncanto» (CIIIA) u Puoiim Hoitopn (Ryoji
Noyori) u3 ynusepcurera Haroiiu (JAnoHust) «3a paboThl 11O XU-
paJbHOMY KaTaJIu3y peakluii TUIApUpOBaHUs», a Takxke bappu
Taprmreccy (K. Barry Sharpless) u3 McciaemnoBareabckoro mH-
crutyta Ckpunrca (CIIIA) «3a paboTbl MO XMpaJTbHOMY KaTaJlu-
3y peaknuii oKuciaeHusT». C KaXIbIM M3 3TUX 3aMe4YaTeTbHBIX
XUMMKOB MBI €111 TIO3HAKOMUMCS B 3TOM Kypce.

7.7. CTepeoxmMmyeckme KpUTepum
B MCC/IeJ0BaHUN MEXaHU3MOB
XUMUYECKMX peakunmn

WccnenoBaHue cTepeoXMMUU UCXOIHBIX BEIIECTB U MPOAYKTOB
peaKkiii 4acTo TMO3BOJSET CACIATh BaXKHbBIEC 3aKJIFOYEHUS O ME-
XaHU3Me TpoTekawliero mnpouecca. CaMblii M3BECTHBINA TPU-
Mep — peakiMi HYKIeO(MWIHBHOIO 3aMEIeHUS IMPU HaCHIIIEH-
HOM aToMme yrjepona. Ml OyaemM UX AETAIbHO U3y4aTh MO3XKeE,
a 3/1eCh JIUIIb KOPOTKO OCTAHOBUMCS Ha CTEPEOXMMUYECKMX 3a-
KOHOMEPHOCTSIX.
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Peakuun anudarnyeckoro HYKI€O(PUIbHOTO 3aMEIeHMUs
WTPAIOT UCKIIOUNTEBHO BAXKHYIO POJIb B OPTAHNIECKOM CHUHTE-
3¢ ¥ IIMPOKO MCIIOIB3YIOTCS KaK B JIAOOPATOPHOM IpaKTHKE,
TaK 1 IpoMbIIuIeHHOoCcTH. O01IIast cxema MpoTeKaHUST TAKUX pe-
aKkIMil BKJIIOUaeT B3aMMOJEMCTBUE CyOCTpaTa ¢ OTpULIATEIbHO
3apsKEHHBIM WM HEUTpaIbHBIM HYKJIEO(DUTIOM:

R—X+Y —R—Y+ X"
(Y — aHMOHHBI HyKJIeohu) (7. 17)
R—X+Y—Z—R—Y+X—Z

(Y — Z — HeiTpanbHblil HyKI1eodw)

OcHoBomnosararoIme padboThl 110 MEXaHU3MaM 3TUX peaKni
obu1M BeinoaHeHbl K. MHronsaom u 3. Xeio3oM. B o61iem Bume
BO3MOXHBI IBa MeXaHM3Ma. B peakuusix OumoaekyiapHozo Hy-
KaeouabHo20 3ameuienus1 Sy2 HyKJIeohUsI aTaKyeT aTOM YIJepo-
Ja, HECYILIUI yXomsIyto rpynmy (Hykieodyr) X ¢ MpoTUBOMNO-
JIOXHOM OT Hee cTopoHbl. Peaxiiust umeeT 001111l BTOpoii KnHe-
TUYECKUI TOpSIOK M TIPOTeKaeT B OMHY CTaauio depes
MepEeXOIHOE COCTOSTHHE, B KOTOPOM aTOM yIJIepoaa UMEeT KOH-
¢urypanuio, 6JM3KyI0 K TpUroHajabpHoU ounpamuae. Ctepeo-
XUMHWYCCKHI pe3yIbTaT peaKlMy — oOpalneHne KOH(GUTypalnu
y XHPpaJbHOTO yIJIepoa:

H,C CH; CH,
O
HO™ + N~ Br==|HO— - Brl=5 HO—.,
3 3 ~Br
H R H R R (7.18)

Ckopoctb peakuun = k X [RX] X [Y]

Peakuuu Syl wiu peakuuu monomonexyiaprnozo nykaeoguas-
HO020 3ameuieHus TIPOTEKAIOT ¢ 00OpaTUMOI MOHU3aLMel cyocTpa-
Ta Ha TIepBOI MEeIJICHHOM CTaIuu, KOTopasi IPUBOIUT K 00pa3o-
BaHUIO B KaYeCTBE MHTEPMeauaTa MIOoCKOro KapoeHneBoro uo-
Ha. bbicTpasi ataka aroMa yrjiepoga B HEM HYKJIeOoDUIOM
OOBIYHO PaBHOBEPOSITHA C 0OEUX CTOPOH, YTO MPUBOIUT K 00pa-
30BaHMIO DHAHTHOMEPOB B PaBHBIX KoJuuyecTBax. TakuM obpa-
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30M, CTEPEOXMMUYECKUI pPEe3yJbTaT PeaKkuu — pauemMu3auusi.
TUMUYHBIM TIpUMEpPOM  peakimii Syl sBasieTCs TUAPOIU3
mpem-aTKuIOpOMUIIOB;

Br
Et CH
/X\ — ¢ 4 Bre
Et CH,
Ph Ph
“oH, “oH,

. CHy
H,0 + Y
T E CH3 Et Ph 1®

-—

(7.19)

+
Et CH, Et Ph
Ph C
9HAHTUOMEDPHI B COOTHOIIEHUH 1 : 1

CrepeoxrMUUYeCcKre KpUTePUU TSI pa3InyeHUs MEXaHU3MOB
Syl 1 Sy2 B 1MTeparype ¢ yCIexXoM MCIOJIb30BAIUCh HEOMHO-
KpaTHo.

B Moeii ncciemoBaTeIbCKOM MTpakKTUKE S MCIIOIB30Bal CTe-
PEOXUMUYECKIE KPUTECPUM Ui PEIICHUST BOIIPOCca O MEXaHMU3-
Max peakuuii HecKoJbKo pa3. O6 omHoli U3 HauboJjiee MHTepecC-
HBIX 3a/1ay 51 ceiiyac BaM paccKaxy.

S yXe pacckasbiBall BaM O CIIOCOOHOCTU HETpeNeTbHbBIX Op-
TaHWYECKUX MOJIEKYJI, HAallpuMep aJIKeHOB, 00pa30BhIBATh KOM-
TUIEKCHI ¢ TIEPEXOMHBIMA METaJIaAMH, B KOTOPBIX OpraHnYecKast
MOJIEKYJIa BBICTYIAET KAK JUTAHA, JOHUPYIOLUUI CBOU JT-3JI€K-
TPOHBI Ha BaKaHTHBIE OpOMUTaNIM MeTasuia. B elie Oosblieii cTe-
MEHU 3Ta CMIOCOOHOCTD MPUCYIIA TUEHAM U APOMATUYECKUM CO-
enruHeHUsIM. C OTHUM M3 TaKMX KOMITJIEKCOB — XPOMTPUKAp0OO-
HUJBHBIM ~ KOMITJIEKCOM  Ou3aMelneHHoro ©OeHzona  (35),
B KOTOPOM TIPUCYTCTBYET XMPAJIbHAS ITIOCKOCTH, MBI TOJIBKO UTO
Berpevanuchk. Hadranus u npyrue apoMaTuyeckKue noauLuKIn-
YeCcKue YIJICBOAOPOIbI TakxKe 00pa3yloT XpOMTPUKAPOOHUJIb-
Hble KOMIUIEKChl. IHTepeCHbIM CBOMCTBOM TaKMX KOMILJIEKCOB
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oKasajach UX CIIOCOOHOCTh IIpeTepIieBaTh MPY MPOCTOM Harpe-
BaHUU B HEUTPaJIbHBIX PACTBOPUTEJISIX 00paTUMBIE TIEPEeTpyII-
POBKHU, IIPY KOTOPBIX METAJJIKApOOHMJIbHAS TPYIIIia IiepeMelia-
€TCSl U3 OITHOTO KOJIbIIA B JIpYroe (MEeXKOJIbIEBbIE TalTOTPOII-
HBbIe TIeperpynnupoBku). MccaenoBaHnio TaKUX MPOLIECCOB ObLT
TTOCBSIIIEH OIH M3 MOWX HAYYHBIX MIPOEKTOB, paboTa 1Mo KOTO-
poMy Tponosikanach 6osee 10 ner.

MoapobHee 06 3ToO MHTepecHoit npobGneMe MOXHO npounTaTh B Ob30pe
IO.®. OnpyHerko (Ycnexu xumum. 2000. Ne 8. C. 744—766).

Mbl I€TaIbHO U3YYMIIA MEXKOIBLEBBIE N0, 1°-TaNTOTPOITHbIE
TIeperpynImMpPOBKU CEPUU XPOMTPUKAPOOHMIBHBIX KOMIUIEKCOB
3aMelIeHHbIX Ha(TAIMHOB B pa3HbIX ycloBusx (puc. 7.53), HO
Ha OCHOBAHUM IOJYYEHHBIX PE3Y/IbTATOB HE yAaBaJIOCh CAEIATh
OKOHUaTeJIbHbIE BBIBOIBI O MeXaHU3Me Tpoiiecca. [Ipexie Bcero
HYXHO ObLIO OIIpEAeIUTb, IPOTEKAeT JU IeperpyniupoBKa
MEXMOJICKYIISIPHO WX T1I0 BHYTPUMOJIEKYJISIPHOMY MEXaHU3MY.

R R

“
—

Cr(CO), Cr(CO),
R = D, Cl, CH3, Si(CH3)5, Sn(CHj)3

Puc. 7.53. MexXKoublieBble T]6,T]6-l"al'[T0Tp0HHbIe MeperpyninmupoBKH XpOMTPU-
KapOOHMIIbHBIX KOMIUIEKCOB 3aMeIIEHHbIX HAQTaTMHOB

Nzsamnoe pemenue npemnoxuna FO.D. OnpyHeHKO, KOTO-
PBIif paboTal Had TOKTOPCKOM nuccepramnueit mo atoit teme. OH
CUHTE3UPOBaJl OOJIbIIYIO CEpUI0 KOMILIEKCOB (cM. puc. 7.53),
KOTOpBIE TIPENCTaBISIIM COOOM palleMHYecKue CMEeCU SHaH-
TUOMEPOB, TIOCKOJBKY WX MOJIEKYJIbl TUIAHAPHO XUPATbHBI
(puc. 7.54). DHaHTHOMEPHBIE Mapbl KOMIIJIEKCOB ObUIM pa3ieie-
HHBI ¢ ToMoinbio BOXKX Ha xupanbHoit dhase Chiracell OD, koTo-
pas TIpeAcTaBIsieT coboil To camoe 3,5-muMmeTuiakapbamaTHOe
MPOU3BOIHOE 1LIEJUTIOJIO3bI, O KOTOPOM 51 BaM Y€ paccKa3bIBall
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(cMm. puc. 7.38). IlomydeHHBIC YHUCTHIE SHAHTUOMEPHI PACTBOPSI-
JIUCh B HEMOJSIPHBIX PACTBOPUTENSX, B KAUeCTBE KOTOPBIX MC-
MOJIb30BAIMCh TIIATEILHO OUMIIIEHHBIE JeKaH U rekcapTopOeH-
30JI, U PACTBOPbI HAarpeBIUCH IUTEIbHOE BPEMS B aMIlyjiax
non aproHoMm. Ecimu meperpynmupoBKa BHYTPHUMOJIEKYIISIpHA,
JIIyMaJiid MBI, TO IIPX HarpeBaHuu sHaHTHoMepa R(/) obpasyercs
TobKO 3HaHTHOMep R(/1). Ecnu xe mpoliecc uaeT ¢ pa3pbiBOM
cBa3u rpynnbl Cr(CO); ¢ apoMaTUYECKUM KOJIBIIOM, TO MOCJIe-
Iyroliee MPUCOSAMHEHNE e¢ K JIMTaHOy IpUBEIeT K oOpa3oBa-
HUIO BCEX YeThIpeX KOMILJIEKCOB M palieMu3aluu (cM. puc. 7.54).
Yro ke mokazan sKcriepuMeHT? PesynbTaThl mis1 2-Tpume-
TuicwimiHadTammaxpoMmtprukapobonmia (R = Si(CHj);) noka-
3aHbBI Ha puc. 7.55. XpomaTorpamma urctoro R(/[)-aHaHTHOME-
pa, KOTOPbI ObUI B34T KaK MCXOIHOE COEIMHEHUE, NTPEICTaBIe-
Ha Ha puc. 7.55a. TIpumeceit ©I30MEPOB U SHAHTUOMEPOB B 3TOM

3€pKaﬂ bHasl IJIOCKOCTb

sHaHTHOMED R([/) sHaHTHOMED S(/)
R R
Cr(CO); Cr(CO);
R R
Cr(CO), Cr(CO),
sHaHTHOMEp R(I]) sHaHTHOMEp S(/])

Puc. 7.54. MexXKoJIbLIEBbIE MEPErPYIITUPOBKU B SIHAHTMOMEPAX XPOMTPUKApOO-
HUJIBHBIX KOMIUIEKCOB 3aMEIICHHBIX HA(MTATMHOB TOJDKHBI IPUBO-
IUTh K SHAHTUOMEPHO YUCTBIM MPOAYKTAM TPU BHYTPUMOJIEKYIISP-
HOM MEXaHHU3Me
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]
R(IT) R(IT) R(IT)
CTCIICHb CTCIICHb
paLeMusauumn paLeMusanuumn
MeHblie 1% 20%
KY#/)
R(I)
S(1) L
YCUJIEHO
B 100 pa3 R(I)
S(I) S
- \ ¥
0 5 10 ISwmunfo 5 10 15wmnn 0 5 10 I5muu
a 0 8

Puc. 7.55. XpomatorpaMMbl  (R)-2-TpUMETUICHIMIHADTATMHXPOMTPUKAPOO-
HWJIA ¥ TIPOAYKTOB €T0 TalTOTPOITHOUN TMEPErpynImupoOBKU: a — UM~
CTBI/ ICXOIHBII KOMIUIEKC; 6 — CMECh MMPOAYKTOB MOCJIE HATPEBAHMSI
B CgFg mpu 85°C B Teuenue 40 yacos; 6 — cMech MPOAYKTOB 1OCTIE
HarpeBaHus B Tosryodie ipu 85 °C B TeueHue 40 yacoB

00pa3slie He ObLI0 0OHAPYXKEHO AaXKe MPU YCUJIEHUU JUHUU Do-
Ha B 100 pas. [Tocie HarpeBaHUSI pacTBOpa 3TOr0 SHAHTHUOMEpa
B rekcadropbensone npu 85 °C B TeueHue 40 yacoB xpomaTo-
rpamma (puc. 7.556) mokasblBaeT, YTO B CMECHU IMPUCYTCTBYET
TOJIBKO Ba COCAMHEHUSI — SHAHTMOMEPHO YMCTBIM MCXOMHBIN
R(I]) n ero cTpyKTypHBI M30Mep, 0Opa30BaBIIMICS 3a CYET
ranToTpornHoi mneperpynnupoBku  R([). DHantuomep S(I1)
u uzomep S(/) obpasyiorcs B KoandecTBax MeHee 1%. AHao-
TUYHBIE PE3yAbTaThl OB TIOJyYeHBI TIPU UCCIeTOBAaHUM
10 apyrux map M30MEepHbIX KOMIUIeKCOB. OOpaTUTe BHUMaHUE
Ha TO, YTO SHAHTHOMEPHI 00Pa3YIOTCS B HEPAaBHBIX KOJIMYECTBAX.
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XpOMTpUKapOOHWIbHAS TPYMIIA SIBISIETCS CHJIBHBIM 3JIEKTPO-
HOAKIICTITOPOM U TIO3TOMY TIPEAIIOYNTACT KOOPIWHUPOBATHCS
0 TOMY M3 O€H30JIbHBIX KOJIEIl, B KOTOPOM HaXOIWTCS TpYIIa
Si(CHj;);, KoTopasi, KaK Mbl YXKe 3HaeM, SIBJISIETCSI CUIbHBIM J10-
HopoM. Eciu B3SITh B KaueCTBEe MCXOIHOTO YUCTBIM SHAHTUOMEP
R(I), TO TIOCTIEe €TO HAarpeBaHMUS B TeX XKe YCIOBUSIX 00pa3yeTcs
cMech R(I) u R(I]) Toro xe coctaBa.

MopapobHee 3To onucaro B paborte 8: J. Organomet.Chem., 2000, 597, 42—A47.

Wrak, OTBET MOJy4eH — MEXKOJIbLEBbIE M°,N°-2anmompon-
Hble nepecpynnuposKu XpoMmpuKapoOOHUAbHbIX KOMNAEKCO8 Hag-
ManuHa 8 UHEPMHOM pacmeopumene NPOMeEKarm 6HYMPUMONEK) -
asapro! Ho ecnu 3aMeHMTh pacTBOPUTENb Ha OoJiee TOJSIPHBIN
¥ CITOCOOHBINM K KOOPIWHALIMY TOJIYOJI, C BHYTPUMOJICKYJIIPHBIM
MEXaHM3MOM HauyMHaeT KOHKYPHUPOBAaTb MEXMOJICKYISIPHBII
obMeH (puc. 7.546). A B CMUTbHO KOOPIAMHUPYIOIIEMCST TETParu-
npodypaHe MEKMOJICKYISIPHBIM MEeXaHW3M CTAaHOBUTCS TOMM-
HupyomuM. CyMMHUPOBaB 3KCIIEpUMEHTAIbHBIC PE3YJIBTATHI,
TOJIYYEHHBIE TIPU U3YYEeHWN METAJIOTPOITHBIX MePerpyImnupo-
BOK B METaJJTIKapOOHWIbHBIX KOMILJIEKCAX OOJIBIIION Cepuu Heii-
TPaJIbHBIX M aHMOHHBIX TTOIULINKINICCKUX apOMAaTUICCKUX JI-
TaHIOB M MCCJIEIOBAaB MEXaHMU3MbI 3THX IPOIECCOB METOIAMU
KBaHTOBOW XMMHUM BBICOKOTO YPOBHS, MBI TIPUIITA K BBIBOIY
O CYIIIECTBOBAHMU HOBOTO THUIIA METAJIOTPOITHON TayTOMEPUH,
a F0.®D. OnpyHeHKO OJECTSIIE 3aLIUTWI CBOI JOKTOPCKYIO
JIMCCEePTALNIO Ha XMUMUYEeCKOM (pakynbreTe MI'Y.

PacckasbiBas BaM O XupasibHbIX MOSIEKynax, i He UMesT BpeMeHu Ana obcyxaeHus
Lenoro paga BaxHenwnx npobnem. Bot ase. Kak Bo3HMKNa X1panbHOCTb MOMEKY N BO
BcenenHoit? Kakyto ponb cbirpany npu sTOM Takue sBIEHUA, KaK B3aUMOAENCTBUE Be-
LL|ecTBa C MOTOKAaMM MOMAPU3OBaHHbIX oToHoB? Kakve runoTtesbl no 3ToMy nosogy
BblgBUHY M PoHanbg Bpecnoy u Puyapa boitg ¢ OHaka Takacu! Te, KOMy 3TO WHTe-
PEeCHO, CaMn HaiAyT CBefeHUA Mo BceM 3TUM BornpocaMm B HTepHere.

3adaHue. B petekTuBHOM pacckase [opotu Caiepc «[o-
KYMeHTbl MO Aeny» OMUCaHO pacciefoBaHue yb6uiicTBa, KoTo-
poe nepeoHavasnbHO 6b110 KBaNUULMPOBAHO KaK Cly4aiHasn
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CMepTb, BbI3BaHHasA OTpaBfieHWEM rpu6amMu, copepiKaBLUUMU
CUNbHbIN Af MycKapuH. MycKapuH e ACTBUTENBHO CoAepKUTCA
B MyxoMopax. [loKasarenbcTBo y6uitctBa 6b110 nosy4yeHo Ha
OCHOBaHMM CTEPEOXMMUYECKOro aHanusa sAfAa, HaWAeHHOro
B )kenyzake y6uroro. Mpeanoxure pelueHune.

CH,
ol

N
H3C// CH,
H3C O

OH

MYCKapuH



JIEKLIMA 8

KOH®OPMALMOHHbLIA
AHAJIN3

B umcropuu KaxXmoro OTKPBITUS CyIle-
CTBYIOT TpH TIepHO/a:

Kornma o HeM cooO1iaeTcst BriepBbie, JIIO-
JIM IyMaloT, 4YTO 3TO Herpasaa.

[ToroM, HEMHOTO TO3aHEE, KOTaa 10CTO-
BEPHOCTb OTKPBITUSI CTAHOBUTCS CTOJIb OYe-
BUIIHOM, UTO €€ HeJIb3s1 OoJiee OTPUIIATh, JIIO-
A 3asIBJISIIOT, YTO BCE 3TO HMKAKOW LIEHHO-
CTU HE UMEeT.

A 1ocJie 3Toro, ecJIi BaXKHOCTh OTKPBITUSI
TakXke yXe He BbI3bIBA€T COMHEHMIA, TOBOPSIT:
«Jla Beib B 9TOM HET HUYEro HOBOIo!»

Vunvam uceiime

CopeprkaHue nekuum
8.1. Beegenue
8.2. [NpeaMeT 1 OCHOBHbIE MOHATUA KOH(OPMALIMOHHOTO aHann3a
8.3. KoHdopMaumm aLmknmnyeckux Monekysn

8.3.1. OraH

8.3.2. bytaH

8.3.3. |,2-[uzaMeLrieHHble 3TaHbl C MOAAPHBLIMU rPynnamMu
8.4. KoHdopMaummn LmMKnmyecknux Monexysn

8.4.1. Luknonponax

8.4.2. LinknobyTaH 1 umMKnoneHTaH

8.4.3. LiuknorekcaH 1 3aMeLLeHHble LyKSIoreKcaHbl

8.4.4. ['eTepoUVKMYECKME aHANIOMM LIMKIIOreKcaHa

8.4.5. LiyknoreKkceH 1 LMKnoreKcaHoH

8.4.6. LiyknorenTaH u UMKNOOKTaH

8.1. BeegeHue

B NCTOpUH JII000i1 HAayKN MO2KHO BbLIICJIMTDH COOBITHS , KOTOPLIC
ABJIAIOTCA CBOCO6p3.3HblMI/l NCTOPUYCCKHUMU BEXaMU. Yacto ux



8. 1. Bsedernue

Xaccenb Opa
(17.05.1897—11.05.1981)

Poaunca B cembe Bpava B Ocno. lNMonyyan
obpasosaHue B Hopserum, a 3atem B ['epMa-
Ham v B 1925 r. BepHynca B yHuBepcuTeT
B8 Ocno, rae B 1934 r. Bo3rnasun nepeyto
B CTpaHe Kadeapy Ppusmnueckon xumMmun. 3aechb
OH paboTan A0 KOHLA XU3HU. YBEKLLINCb UC-
CNneAoBaHNeM CTPYKTYPbl LIMKIIMYECKUX MOne-
Kyfl, BriepBble WCMOMb30BAN ANA M3y4eHUs
CTPOEHUS LIMKITOreKCcaHa U ero MnpousBOAHbIX
MeTO/bl ras’oBOW 3neKTpoHorpaduvM u Au-
nonbHbix MoMeHToB. K 1943 1. OH yxe Hako-
nun GOsbLLION 3KCNEpUMEHTaNbHbIN MaTepu-

asn, KOTOPbI MO3BOMMA CAENaTb OCHOBHbIE
BbIBOAbl O KOH(OPMALMAX LUECTUHIEHHBIX
LIMKIIOB M O AMHAMUYECKUX MPOLIECcax, KOTOpble B HAX MpoTekatoT. Bo Bpema datumct-
cKo OKKynaumm Hopeerumn Gbin apecToBaH HaLMCTaMy, 3aK/OYEH B TIOPbMY W BbILLen
Ha cBobozy nocne ocBob6oxaeHUsA cTpaHbl B | 944 r. BepHyBLUMCH B OMyCTEBLUNIA MHCTH-
TyT, OH Pa3BMBan MCC/IEOBAHUSA MO ra3OBOW 3JIEKTPOHOTPaMM U MPEAsioKMN MeToZ
PEerucTpaLmm 3ieKTPOHOTPaMM C UCMOb30BaHMEM BpalLatoLLierocs cektopa. OH Bbinon-
HWN TakXKe CEpUio BNecTALMX UCCeJOBaHMI MO KOMMIEKCaM C NepeHOCOM 3apAja.

Ha3bIBAIOT OTKPBITUSIMU, KOTOPBIC OMPECISIOT HOBBIC HAIIPaB-
JICHUsI pa3BUTHMSI HAyKW Ha IJIATEJIBHBIA IEepHON, a WHOTIa
U cMeHy napanurMbl. OpraHuyeckasi XMMusi — He UCKITIOUeHHe.
JIBa TaKMX COOBITUSI HAM YK€ U3BECTHBI. DTO, OE3YCIOBHO, CO-
3MaHUe KJIACCUYECKON TeOpUU CTPOEHUSI, OCHOBHBIE TIOJIOXKE-
HUSI KOTOpOi ObLIM chopmyaupoBaHbl A.M. ByTiepoBbiM,
¥ BBEJCHUE CTEPEOXUMUUECKUX TIpeactaBieHunii Bant-TI'opdom
u Jle benem. ByTiaepoBckasi Teopusl 3aj0Kujia OCHOBBI Tpe-
CTaBJIEHUIA O TIOPSIAKE CBSI3bIBAHUSI aTOMOB B MOJIEKYJIE, CO3/1aB
ee TUIOCKYIO CTPYKTYpHYI0 opmyiy. CrepeoxuMuyeckast Teo-
pus caeliaja CTPYKTypy TpexmepHoit. CeromHss HaM IPEeICTOUT
TMO3HAKOMUTBLCS C TPETbUM TaKUM COOBITUEM — CO3AaHUEM
¥ pa3paboTKOi KOHIEMINN KOH(GOPMALIMOHHOIO aHaau3a. DTa
KOHIICITIMS MMoKa3aja, 9YTO OpraHNYeCKUEe MOJIEKYJIbI KUBYT HE
TOJIBKO B TPEXMEPHOM ITPOCTPAHCTBE, HO U BO BpeMeHM. Mx
HENIb3sl paccMaTpUBaTh KaK KECTKHME HEM3MEHHBIC CO3TaHMSI.
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Coap Oepek Mponbg Puuapp BaptoH
(8.09.1918—16.03.1998)

OH poaunca B ceMbe, B KOTOPOW Aef, U oTel,
6binn nnotHukamu. MNoctynue B 1940 r B8 M-
nepuan konnempk JToHAOHCKOro yHuBepcuTe-
Ta, [epek nonywun creneHb 6Gakanaspa
B 1942 r. u crenenb foktopa ¢unocodum
B 1944 r. Pewatoliiee 3HaueHVe B ero Kapbepe
cbirpana pabota B apBapAcKoM yHuMBEpcuTe-
Te B 1949—1950 rr., rae oH BcTpeyanca u co-
TpyaHuyan c¢ P.b. BygsopgoM. Ota BcTpeva
MONOXWNA Hayano ux ApyxbGe W ycreluHom
coMecTHoN pabote Ha gonrve rogsl. [Mpo-
deccop ApHe Ppepara, uneH Hobenesckoro
KoMuTeTa, npeacTasnAs Xaccensa u baprtona

Ha LiIePEMOHWM BPY4eHUs Harpajibl, OHeHb TOY-
HO oxapakTepusoBan Bknaz, bapToHa B passuTMe koHpopMauroHHoro aHanmsa: «llpo-
¢deccop bapToH 0606Lyn naen npocdeccopa Xaccens, Nokasan oTKpbIBaeMble VMU LLIK-
POKMe MepcneKTMBbl B XUMUW 1 NPe/CKa3a BbITEKAOLLME U3 HUX CIIEACTBUA B MPUIOXe-
HUM K CIIOXHBIM LIMK/IMHECKUM CUCTEMAM, UMPatOLLIMM BaXKHYIO POJib B XKMBOW MpUpPOAE.
YnoMaHy cpeayn HUX NWLLb LMKMYECKUE CUCTEMbI CTEPOMAOB, HaWAEHHbIE B JKEMYHbIX
KMCIOTax, MOJIOBbIX FOPMOHAX, KOPTU3OHE, MIMKO3UAAX AUMMTAINCA U B XOTNECTEPUHE.
BapToH 6bin GnecTALMM NEKTOPOM, BbIAAOLLMMCA CMELMASIUCTOM B OGMIACTU TOHKOro
OpraHM4eckoro cuHTesa. VM paspaboTaHbl HOBble PeakUMM U MeTOZbl MOCTPOEHMA
CNIOXKHbIX Mosieky . OH BHec 60MbLLION BKMAA B Pa3BUTUE OPraHU4ECKON pOTOXUMUM.

OHM IBUTAIOTCS M TTOCTOSTHHO MEHSIOT ¢Boto ¢hopmy. Tak B op-
TaHWYECKOM XMMUM BIICPBBIC TTOSBUJIACH YETBEPTAsT KOOPIAMHA-
Ta — epems! TBopLaMu KOH(POPMAIIMOHHOTO aHAJIN3a STBIISTIOTCS
JBa OJIECTAIIMX XMMHMKa — HopBexell Onn Xacceab U aHIJInJa-
HuH [lepek bapToH, ubu gocTuXeHUsl ObuIM oTMedeHbl Hobe-
JIEBCKOM TIpeMueli 1Mo XxuMuu 3a 1969 . «3a BKJIam B pa3BUTHE
KOH(OPMAIIMOHHOTO aHAJIM3a 1 €TO MPWIOKEHNE B XUMUI».

8.2. [NpeaMeT 1 OCHOBHbIE NOHATMA
KOH¢OpMaLMOHHOro aHanmsa
HMrak, u3 marepuaia npeablayiiei JeKLUu 1o CTEPeOXUMUN MbI

y3Ke 3HaeM, UTO KOHGhopmauus — pOCTpaHCTBEHHast (hopma Mo-
JIEKYJIbI, B KOTOPOI MOXHO MPOU3BECTA U3MEHEHNE B3aMMHOTO
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Puc. 8.1. [IByrpaHHbIii (TOPCUOHHBII)
YTOJl @ B LIETIOYKE U3 YETHIPEX aTOMOB
A—B—C—D

pACIIOJIOXKEHNUST aTOMOB  WJIN
TpyIm 3a cyeT aedopMaluii
reoMeTpuu (BHYTpeHHEe Bpa-
IIEHNE BOKPYT IMPOCTHIX CBSI-
3eit) 6e3 usmeHeHust koHgurypauuu. Ha IT1D Mmunumymsl, co-
OTBETCTBYIOIINE YCTOMYMBBIM KOH(OPMAIIUSIM, pa3aeieHbl 0a-
pbepamu (MakcuMyMbl Ha T1I1D), BbicOTa KOTOPBIX OOBIYHO HE
npesbiiaer 10—15 kkan/monb. KoHdopmalmu MojeKybl pa3-
JINYAIOTCS 110 CBOEM TepMoaMHaMUuyecKoit cradbuiabHocTh. Mc-
cJIemoBaHUe TMHAMMYECKOTO TTOBEACHMS MOJIEKYJI B OTCYTCTBHE
XUMUYECKUX PEaKINii SIBJISIETCSI IPEAMETOM KOH(OPMAUUOHHO20
anaausa.

[Ipocreiinmass MoIeKyIsIpHAsI CUCTeMa, IJIST KOTOPO BO3HM-
KaeT KOH(hOpMaIlMoOHHasI 3a1a4a, JOKHA BKITIOUATh IIETIOYKY He
MeHee yeM 13 yeTbipeX aToMoB A— B— C— D. Cawmblii mpocToii
npuMep — MoJeKkyna nepokcuaa Bogopoga H—O—O—H. Pe-
IIeHne KOH(MOPMAIMOHHOM 3aJauyi OOBIYHO MPUBOLSAT B BUIC
3aBMCHMMOCTHU MOJIHOM UM CBOOOIHON SHEPTUU CUCTEMBI OT Be-
JIMYMHBI IBYTpaHHOTO (TOPCUOHHOTO) yria @ (puc. 8.1).

B

B AencTBUTENBHOCTM MpY BpaLLEeHWM BOKPYr LieHTpanbHoM cessn B— C B takom
cUCTeMe MOTYT U3MEHATLCA U MeXaTOMHble paccTosHus. CnefoBaTtenbHO, 3aBUCMMOCTb
E = f(p) nomkHa npeacraenats cobon cevenme MM eaonb kKoopauHatb! .

8.3. KoHdopMauum aumknmyecknx Monekyn
8.3.1. Oran

Cawmag npocTas opraHndecKas MoJjeKyJa, AJisi KOTOpOil BO3HU-
KkaeT koH(opmannonHas 3anada, — 3taH H;C—CH;. Heo6-
XOAMMOCTh pellaTh TaKylo 3agady Bo3HMKIa B 1936 r., korma
Kemn u Ilutuep mokasanu, 4TO corjlacOBaHME 3HAUCHUS DH-
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Puc. 8.2. 3aBUCHMOCTb MOTEHIIMATBHOW YHEPTUU STAHA OT ABYTPAHHOTO YIJIa @

TPOIIMHU 3TaHa, PACCIMTAHHOTO Ha OCHOBAHUM CIIEKTPOCKOIIH-
YECKUX IaHHBIX, C SKCIIEPUMEHTATBHOUN BEJIMUMHOM, MOJTyIeH-
HOI KaJJOPUMETPUUYECKU, MOXET ObITh JOCTUTHYTO, TOJBKO €C-
JIV TIPUHSATH, 4TO BpalleHue BOKpyr cBsisu C—C B 3TOit
MOJIEKYJIe He SIBJISICTCSI CBOOOIHBIM U CBSI3aHO C TIPEOIOJICHU-
eM Oapbepa okosio 3 Kkkaji/monb. IlocienHue sKcnepu-
MEHTaJIbHbIe JaHHbIE OJIECTSIE MOATBEPKAAIOT 3TOT BBIBOI.
ITonyyeHHBIE TOYHBIC OILICHKM JieXaT B auama3oHe 2,89—
2,93 kkan/monb (12,09—12,26 k/Ik/Mo0b). 3aBUCUMOCTb TMO-
TeHIMAJIbHOW 3HEPTUM 3TaHa OT JABYIPAHHOIO yIjla MOKa3aHa
Ha puc. 8.2. Ha rpa¢uke oT4eTIMBO BUIHO, YTO MUHUMYMaM
COOTBETCTBYIOT mpaxc-KOHMopMauu (aHmu-TiepuiiaHapHbIe
KOoH(MopMaun), B KOTOPBIX aTOMBI BOIOpOAA IIPH COCETHUX
yriaepogax MakCMMaJbHO yIajeHbl IpYyr OT apyra. 3acjOHEeH-
Hble KOH(opMaluu (cux-TiepuriaHapHble KOH(GOpMaILu) Co-
OTBETCTBYIOT MAaKCMYyMaM.

KakoBBI ke TPUYMHBI BOZHUKHOBEHMSI PAa3HOCTU SHEPTU
3TUX IBYX KOH(opmepoB? Ha mepBblii B3MISA, MOKHO ObLIO ObI
JIyMaTh, UTO 3TO CBSI3aHO C SHEPrUeil OTTaIKUBAaHUS aTOMOB BO-
IOpoaa, HECYIINX YaCTUUHBIC MOJIOKUTEIbHBIC 3apsiabl, 1/WiIn
C BO3HUKAIOIIEH IMPOCTPAaHCTBEHHOM Teperpy3Koil B 3aCIOHEH-
HOIl KoH(OpMalIMKM 3a CYET BaH-IEepP-BaaJbCOBOIO OTTAJIKMBa-
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Puc. 8.3. B mpanc-xondopmaiiuu ataHa o, o*-runepkonbiorauus csaszeit C—H
MPUBOAMT K MOHMKEHHUIO TTOJIHOM SHEPTUN CUCTEMBI

Hus. Ho geTanpHBIE pacyeThl ITOKA3BIBAIOT, UTO OYCHb MaJICHb-
KHe TapluHaJbHBIC 3apsiabl Ha aToMax Bomopona (cM. pasmen 7
B JIeKIIMU 3) He 00ecreurnBaoT BOSHUKHOBEHUS JaXe JeCsSITon
JIOJIA Pa3HOCTHU SHEPTUi 3TUX ABYX KOH(POPMEPOB, a TIepeKPhI-
BaHUE BaH-Jep-BaaJlbCOBBIX PAaIWyCOB aTOMOB BOIOpOIA B 3a-
CJIOHEHHOI KOH(OpPMAaIIM1 BOBCE OTCYTCTBYET.

[Ipupona siBICHMSI CTAHOBUTCS IIOHSITHOM, €CIIM PaccMO-
TPETh Ha KAYCCTBEHHOM YPOBHE OpOUTAIbHBIC B3aMMOICCTBUS
B ueTbipexaToMHOM ¢parmeHTe H—C—C—H m1g aByx KoH-
dopmanuit. B mpanc-xonpopmauuu csizu C—H pacnonoxe-
Hbl aumunepunianapro (puc. 8.3). Briciias 3aHsATass opOUTaIb
(B3MO), koTopas mpeacTapiseT coooit o-_y-MO, B 3TOM Ciy-
gae MoXeT 3(pHeKTUBHO B3aMOICCTBOBATh C HIDKHE BaKaHT-
Hoil opoutampio (HBMO), xortopass mnpencraBisieT coboii
0*c_y-MO. Takoe B3aumoneiicTBue (0,0*-TUNEPKOHBIOTAIINS)
MPUBOIUT K MOHUKEHUIO MOJTHOM SHEPTUU CUCTEMBbI, BeTUYMHA
KOTOPOI MpsIMO MIPOMNOPIIMOHAIbHA KBaApaTy MHTeTpaia mepe-
KpBbIBaHUSI B3aMMOJCHCTBYIOIIMX OpOUTajeii M OOpaTHO IIPO-
MMOPLIMOHAIbHA PA3HOCTU X SHEPTHUIA:

AE =~ SYE, — E)~! (8.1)

DTO IOBOJILHO BaxkHasl ¢hopmysa, U Mbl OyaeM oOpalaThCs
K Hell HeomHOKpaTHO. OOpaTtuTe Ha Hee 0c000e BHUMAaHME.

A B 3aciioHeHHoI KoHpopmaumu cBsi3n C— H pacnonoxe-
HBl cun-nepunianapto. IIpu TaKoM pacrooXeHUU MpakThuye-
CKM HE BO3HUKAET JOITOJTHUTEIBHBIX CBSI3BIBAIOIINX OPOUTAIb-
HBIX B3auMoaeicTBuil (puc. 8.4).
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Puc. 8.4. B 3acioHeHHOI KOH(bOPMaLIMU 3TaHa He BOBHUKAET TOTIOJHUTETbHBIX
CBSI3BIBAIOIIMX OPOUTATIBHBIX B3aUMOAECTBUI

Takum 00pa3oM, Mbl MOXKEM KOHCTaTUPOBATh, UYTO pa3anuue
SHEPTUIT 3aCIOHEHHOTO U mparc-KoH(opMepa 3TaHa 00yCIIOB-
JIEHO JOMOJHUTEIbHBIMUA CTAOMIM3UPYIOIIUMK OpPOUTATIbHBIMU
B3aMMOJIECTBUSIMU B TTociefHeM. PazymeeTcst, B 3aMelIeHHBIX
9TaHaxX CUTYalUs] MOXET ObITb COBEPILIEHHO MHOM, M KaXKIbIil
pa3 Mbl JOJDKHBI J€TaJbHO aHaJU3MPOBAaTh BCE BO3MOXKHBIE
BKJIQ/IbI.

8.3.2. byran

3aBUCUMOCTb ITOTEHIIMABbHOMI 9HEPTUM OyTaHa OT TOPCUOHHOTO
yria ¢ no ueHTpajibHOU cBa3u C,— C; umeet 0osiee CIOXHBIN
Bun (puc. 8.5). I'mobajbHOMY MaKCUMyMy SHEPrMd Ha 3TOM
KPUBOI COOTBETCTBYET ITOJTHOCTBIO 3acJIOHeHHass KOH(opMa-
1y, B KOTOPO ABYTPaHHbIA @c_c_c_c) = 0°, a TmobarbHOMY
MUHUMYMY — aHmu-KoHdbopmauusi, rae oH cocrtasisier 180°.
M 310 BrioHE TTOHATHO. B maHHOM cilydae mpocTpaHCTBEHHOE
MepeKpbIBaHNE ABYX JOCTATOYHO OOBEMHBIX METWIHHBIX TPYIII
B ITOJTHOCTBIO 3aCJIOHEHHOM KOH(MOpMAaIK O9eHb 3HAYUTEIHHO,
W UM HUKAaK HeJb3s TTpeHeOpedb. Ha KpuBOii MOSIBUINCH TAKKe
JIBa JIOKQJIbHbIX MUHUMYMa, COOTBETCTBYIOIIUE IBYM SHAHMUO-
MepHbIM CKOLIEHHBIM 201/ -KOH(popMepam mpu ¢ = 60°.

Knsitn u Ilpenor npemioxuin oOIIyr0 HOMEHKJIATYPY ISt
pOTaMepoB TM3aMeIIeHHBIX 3TAHOB, BO3HUKAIOIINX ITIPY Bpallle-
HUM BOKPYT HeHTpaIbHOM cBsI3u C— C, KOTOPYIO WLTIOCTPHUPY-
10T puc. 8.6 n Tabyimua 8.1.
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Puc. 8.5. 3aBucuMOCTb MOTEHLIMATBHON SHEPrUY OyTaHa OT ABYTPAHHOTO YIJIa (p MPY BPalLleHUH BOKPYT LeHTpasibHO# cBs3u Cy — Cy
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Puc. 8.6. O011ast HOMEHKJIaTypa JUIsl AUACTEPEOMEPOB, BOSHUKAIOIINX TIPU Bpa-
ey BOKpyr cBsizu C—C

Ta6mnua 8.1
TopcuoHHbIit yro @ O6o3Hayenne CumBoJI
0+ 30° +cuH-nepuIIaHapHast tsp
+60 £ 30° +CUH-KIMHATbHAs +sp(g+)
+120 £ 30° +aHTU-KJINHATbHASI +ac
180 + 30° aHTU-TICpUTIJIaHapHast ap (aumu W f)
—120 £ 30° —aHTU-KJIMHAJIbHAS —ac
—60 £ 30° —CHUH-KJIMHAJIbHAs —sx (g—)

8.3.3. 1,2-]/Iu3aMenieHHbIE YTaHbI
€ MOJISAPHBIMH IPYNIIAMH

IIpu mepexone x 1,2-mu3amerieHHBIM 3TaHaM XCH,— CH,X,
HECYIINM MOJIIPHBIC TPYIITHI X, BUI 3aBUCUMOCTH IOTCHIINATb-
HOM BHEPrMu OT TOPCMOHHOIO yIJIa CYIIECTBEHHO MEHSIECTCS.
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X = Cl; AH° = +(0,9—1,3) kxayi/mMoJib
X = Br; AH® = +(1,4—1,8) kkajn/MoJb
X =F; AH° = (-0,6—0,9) kkan/MoJb

Puc. 8.7. OTHOCUTEbHBIE CTAOUIBHOCTU MPaHc- U 20ul-KOH(GOPMEPOB TSI MO-
Jiekyin 1,2-1urasosTaHoB B Ta30Boi (hase

Takne MOJEKyabl 00JaHaIOT 3HAYUTEIBHBIMU ITUTIONSIMHU, JIO-
KaJbHBIMU U B IIeJIOM. [ecTabuan3upyollee IUITOIb-TUTIOb-
HOE B3aMMOJCHCTBHE PE3KO YBEIMUMBACT SHEPTUM CUH-TICPH-
TUTAaHAPHBIX (TOJTHOCTBIO 3aCIOHEHHBIX) KOH(MOPMEPOB U yBE-
JINYMBAET 6apbep. A BOT B UBMEHEHUSIX OTHOCUTEIbHBIX SHEPI Ui
anmu-TiepyuIIaHapHbIX (mpanc-potamep) KOH(popMepoB
U eoui-KOH(MOPMEPOB MOTYT IPOSIBISITECS BeCbMa JIIOOOMBITHbIE
aHoMmayu. Ilo maHHBIM M3MEpeHWU IJisg Ta30BOM (asbl, I
1,2-guxysopataHa u 1,2-gubpoMaTaHa mpaxc-poTaMepbl 3aMeT-
HO CTaOWJIBHEE 20u/-poTaMEepOB, W PA3HOCTH UX DHEPIUU CO-
CTaBJIIOT, IO pPa3HBIM HaHHBIM, oT 0,9 mo 1,3 KKaji/MOoIb I
nuxiopataHa u ot 1,4 mo 1,8 kkam/mMonb misi TUOpoM3TaHa
(puc. 8.7).

Ham 310 BnosiHe mMoHSTHO, He mpaBaa Ju? BaH-nep-Baaib-
COB paauyc OpoMa CYIIECTBEHHO OOJbllIe, YeM Yy XJIopa, a qu-
nojibHble MoMeHThl cBsizeit C—Cl u C—Br onusku (cM.
Ta6. 4.6 B iekumu 4). Ho u3 aToro psima BeITTagaet 1,2-audrop-
MeTaH. [ 9Toit MoJieKyJibl Oojiee CTaOMJIbHBIM OKa3bIBAETCS
eou-koHbopmMmep!

41 yBepeH B TOM, UTO BBI CaMU JIETKO HalieTe OOBSICHCHME
3ToMy (pakTy, ecim MpUMeTe BO BHMMaHHE M3MEHEHHE BCEX
(axTOpoOB, B TOM YKCJIE OPOUTAIBLHBIX B3AUMOJICICTBUIL B 3TOM
psany. @TOp MMEET CYIIECTBEHHO MEHBIIMI BaH-AepP-BaalbCoOB
paguyc, 4yeM XJiop U OpoM, a AUMOJbHBIN MOMeHT c¢Bsa3u C—F
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F Puc. 8.8. B cow-xoudopmauum 1,2-gudropme-
TaHa [1Ba O,0*-TMMEPKOHDBIOTaTUBHBIX B3aUMO-
nevictus ceg3eit C—H u C—F pe3ko noHu-
KaloT ee SHEPTUI0
acu o*cF

H N~

3HaYUTeJbHO MeHble, YyeM y cBia3eii C— Cl u C— Br. O6a atu
(hakTOpa MOHMKAIOT Pa3HOCTh DHEPTUI MpaHc- U eout-KOHDOP-
MEPOB, HO 3TOTO HEAOCTATOYHO IJis1 OOBSICHEHUSI, TToYeMy 00-
Jiee CTaOMJILHBIM B 3TOM cllydae cTall eou-KoHdopmep. O6pa-
TUMCSI K PACCMOTPEHUIO OpOUTATIbHBIX B3aUMOACUCTBUIA, T. €.
o,0*-runepkonbloraunu. o*-Opoutanb cBsg3u C—F nexur
3HAYUTEJIbHO HMXKE M0 SHEPTUU, yeM o*-opoutanb cBsa3u C—
H, a mosTtoMy ymeHbIIaeTCsl pa3HOCTb dHEPIruil B3aumomei-
cTByloIux opoutaneit (cMm. opmyny 8.1). BeaencrtBue aToro
B3auMoeiicTBUe cBs3bIBawIIeii o-opoutaim C—H c Heit Oy-
IeT HaMHOTo 0ojiee 3(h(heKTUBHBIM (pHuc. 8.8), YeM TOT ke 3-
(bekT B MoJTeKyJte 3TaHa. JIBa TaKMX B3aMMOICUCTBHUS a MOJIEKY-
ne 1,2-mudTopaTaHa U IIPUBOISIT K TOMY, UTO €TO0 eoul-KOHPOp-
Mep CTaHOBUTCS 0oJiee CTaOWMIIBHBIM, YeM mparc-KOHGOpMep.
DTOT BBIBOI, TTOIYICHHBII HAMHU HA YACTO KaUYeCTBEHHOM YPOB-
He, OBbT TOATBEPXKICH HEAMITMPUYCCKUM KBAaHTOBOXUMMYE-
CKHM pacueTOM.

EcTh 1 npyrue moxasatesbCcTBa 3aMETHOTO BKJana O,0%*-TH-
nepkoHblorauuu cesazeit C—F u C— H. Hanpumep, u3 npo-
CTBHIX KaUYeCTBEHHBIX COOOPaKeHWIT MOXHO OBUIO OBI ITOJIATraTh,
4yTO HanboJjiee yCTOMUUBBIM KOH(OPMEPOM apumpo-2,3-n1ucTop-
OyTtaHa (9TO, KaK Bbl BUAUTE, Me30-(hopMa) NOKEH ObITh KOH-
dopmep (a) (puc. 8.9). B HeM MakcuUMaIbHO ynaJieHbl APYT OT
Ipyra o0beMUCTBIE METUJIbHBIC TpynIbl. HO B meiicTBUTENIBHO-
CTH 0Ka3aJ0Ch, YTO B PACTBOPE 3aCEJIEHHOCTU ABYX KOH(bOpMe-
poB (a) u (6) oguHAKOBHI. JlecTabuIn3upylollee 2oui-B3auMO-
nercTBue ABYX MeTWibHbIX rpynn (0,9 Kkan/mMosb) B KOHGOP-
Mepe (6) MOJHOCTbIO KOMIIEHCUPYETCSI TUIIePKOHBIOIaTUBHBIMU
B3aumoneiicteusiMu cBsizeli C—H u C—F.
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Puc. 8.9. JIa xoHpopmepa spumpo-2,3-nudropydana (a) u (6) obnagaioT pas-
HOW yCTOMYUBOCTBIO

HauGonee crabunbHble KOH(MOPMALMKA MOJIEKYJ MeTaHOoJja
U MeTWJIaMMHa, MoKa3aHHbIe Ha puc. 8.10, Takke onpeaesitoT-
Cs CTAaOMIM3UPYIOIIMMH THIIEPKOHBIOTATUBHBIMUA B3anMMOICH-
CcTBUSIMU. B 3TaHe B awmu-TIO3ULIMSIX OPYT K APYTY HAXOMSATCS
TPpH Mapbl aTOMOB BOAOPOAA, B METWJIAMUHE — JIBE, a B METaHO-
JIe — ogHa. B coOTBeTCTBMU ¢ 3TUM MEHSIETCS U BEJIMYUHBI Oa-
pbepoB BpaiieHus1 Bokpyr ceszeit C—C, C—N u C—O:
3 kKay/Modb, 2,0 KKain/Moib, 1,1 KKkaa/Mob.

’ VLD
H H H H
H H
2,0 KKajI/MOJb 1,1 xkkan/mMomb

Puc. 8.10. B Monekynax MeTuiIaMMHA M MeTaHOJa Oapbep BpalleHUsT BOKPYT
cBszeil C— N u C— O nanaeT ¢ yMeHbIIEHUEM YKcia CTaOuIn3u-
pyrouux runepkonbloraTuBHeIx H — H B3anmoneiicTBuit

Bapbepnl, pasnenstome KOH(GOPMEpHI 3aMEIIeHHBIX 3Ta-
HOB, OOBIYHO HE MPEBbIIAIOT 5 KKaJ/MOJIb, a TO3TOMY UX B3au-
MOTIpEBpAIllcHUSI TIPM OOBIYHBIX TeMIlepaTypaxX IIPOTEKAIOT
OYEHb OBICTPO.

A Hackonbko 6bicTpo! Mbl MOXEM OLIEHUTb KOHCTaHTy CKOPOCTW BpaLLieHWs, Ha-
NpUMep, B 3TaHe MO ypaBHeHMIO AppeHWyca, MpUHAB CTaHAApTHOE 3HauveHue ana A
B 3TOM YPaBHEHWUW PaBHbIM 10'3. Torga ann TemMnepatypbl 298 K v BennunHbl 6apbepa
3 Kkan/Monb MOMy4MM 3Ha4eHUe KOHCTaHTbl ckopocTn k = 6 X 10'0 cek™'! D10 03Hava-



Jlexyus 8. Kongopmavuonnwiii anarus

<

€T, Y4TO BPEMA XU3HM KaXKAON KOHGbOPMaLMM Mexay MOBOPOTaMM He MpeBbILIaeT
10 nukocekyHa! [lMpoBeaute aHanoruyHble OLEHKM ANA GapbepoB 5 Kkan/Monb
n 10 kkan/Monb caMocToATeNbHO.

Hrak, KoHDOPMEDPBI COCYLLUECTBYIOT B OUHAMUUECKOM PAGHO-
secuu. Tlonoxxenne paBHOBeCUST (OTHOCUTEILHBIE MO MPAHC-
U 20u-KOH(MOPMEPOB) OIPeNeISIOTCs CTaTUCTUKOM bobiimaHa:

K= e aG/RT (8.2)

Ha puc. 8.11 moka3aHbl rpaduku 3aBUCUMOCTU COAEpXKa-
HUSI OCHOBHOI'O KOH(opMepa OT Pa3HOCTU CBOOOMHBIX IHEP-
ruii KoHGOpPMEPOB IJIST pa3HBIX TeMmeparyp. B mambHelimem
C TaKUMU 3aBUCHUMOCTSIMH MBI OyIeM BCTpedaTbCs HEOMTHO-
KpaTHO ¥ TI03TOMY IIPUCMOTPUMCS K HUM 00Jiee BHUMATEIbHO.
Ecnu sHeprun o6oux KoHGOpMepoB OAUHAKOBBI, UX OTHOCH-
TeJIbHBIC COAEPXKAHMSI PaBHBI IIPU JIIOOBIX TeMIlepatypax. Ho
yXe TIpU pa3HOCTU 3Hepruii B 1 KKajx/MoJib TIpU TeMIlepaType
25°C cMech comepxuT 86% Gosee cTrabuiibHOTO U Beero 14%
MUHOpPHOro KOoH(opMepoB. Jlod10 MUHOPHOTO KOoH(popMmepa
MOXHO YBEJIWYNTH, ITOBBIIIAS TeMIIEpaTypy. 3aMeTHM, UYTO

100,0

95,0

90,0
g
585,0 L oc
2.80,0 -’70
z -
,: 75,0 = 168
5 -
E 70,0 — 200
Z 65,0 500
Q
<]
S 60,0

55,0

50,0

0,5 1,0 1,5 20 25 30 35 40 45 50
PasHocTh aHEprHii KOHPOPMEPOB, KKaj/MOJb
Puc. 8.11. 3aBucuMocT comepkaHusi OCHOBHOTO KOH(OpMepa OT pa3HOCTH

CBOOOJHBIX SHEPTUIl B PABHOBECHOI CMECH TMPH Pa3HBIX TEMIIEPaTy-
pax
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MpU pa3HOCTU HEPTrUit 3,5 KKaji/MOJIb B PABHOBECUM TTPAKTH-
YECKW TIPUCYTCTBYET TOJBKO OAWH 0o0Jiee YCTOWYMBBINA KOH-
dopmep.

B pactBopax mosoxeHne KOH(pOPMAIMOHHBIX PaBHOBECUN
CUJIBHO 3aBUCHUT OT TTOJISIPHOCTH cpenbl. [ToBbIIeHNE AM3JIeK-
TPUYECKO! MOCTOSIHHON pacTBOPUTESI TPUBOAUT K CIBUTY PaB-
HOBecHsI B CTOPOHY Oosiee moJisipHoro KoHgopmMepa. B yactHo-
ctu, B ciayvae 1,2-mu3zamenieHHbix ataHoB XCH,CH,X 6onee
MOJISIPHBIMU SIBJISIIOTCS 20Ul-KOH(MOPMEDBI.

[Mpu yBenmmueHWU AMVMHBI LIS B HOPMAJIBHOM ajJKaHe pac-
TET YMCIJIO BO3MOXHBIX KOH(OPMEPOB. Y TIEHTaHa yXe IBe «BHY-
TpeHHue» cBsi3u C— C, mpu BpallleHUM BOKPYT KOTOPBIX MOTYT
BO3HUKHYTh TPU IHEPreTUUYECKM DPA3TUYHBIX KOoH(MOpMmepa —
TPaHCOMIHO-TPAHCOMIHBIN, TPAHCOUIHO-CKOIIEHHBIM U CKO-
IIEHHO-CKOIIIeHHBIN. Ellle 0ojblile YMCIO BO3MOXHBIX KOH-
(opmepoB y rekcana. M300pasuTth ToONHYIO KOHGMOPMAIUIO
JUTMHHBIX TIeTIell ¢ TTOMOIIIbI0 MpoeKInii HhloMeHa HeBO3MOX-
HO — KaXXIblii pa3 nmorpedoBaicst Obl LieJIblii Habop TaKux (op-
MyJ1. OOBIYHO TIOJIB3YIOTCS YCIIOBHOM TIJIOCKOI CXeMOii, 1300pa-
Kalolllell MOJHOCThIO TPaHCOUAHYIO KoHdopmanwuio. Hampu-
Mep, MOJIeKyJia OKTaHa OyAeT MpeicTaBieHa MIOCKUM 3UTr3aromMm
(puc. 8.12).

/\/\/\/W

Puc. 8.12. HauGonee ycroitunBasi KoHbOpMAIIs OKTaHA — TUIOCKUI 3UT3ar

[IpenenpHble Hepa3BeTBICHHbBIC aJIKAHBI KPUCTALIU3YIOTCS
MMEHHO B Takux KoHpopMauusix. Ho B pacTBopax oHU cyliie-
CTBYIOT B BUJI€ CJIOKHBIX CMECeii MHOTMX KOH(OpPMepOB. DHep-
MU TIPOCTPAHCTBEHHBIX HAIPSDKEHUM, BO3ZHUKAIOIIUX B KOH-
(opmanmsix ankaHoB, TpaHcdepabeabHbl W agauTUBHBL [lo
HUM MOXHO ITPOBOIMTH OILIEHKY 0aphepOB M COMEPKAHUS COOT-
BETCTBYIOLIMX KOH(OPMEPOB B cMecsax (Tadir. 8.2).
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Ta6muma 8.2. DHepruu 1,3-MPOCTPAaHCTBEHHBIX HAMPSKEHUN B allka-

Hax
Tun B3aumoaeiicTBus DHeprus (KKaji/MoJIb)
H <> H (3acioHeHHas) 1,0
H <> CHj3 (3acnoneHHast) 1,4
CHj3; <> CHj (3acnoHeHHast) 2,6
CH3 <> CHj (eow-) 0,9

1,3-TITpocTpaHCTBEHHBIE B3aMMOIEHCTBUSI MEXKITY TOJISIPHBI -
MM TPYIIIaMK B 3aMEILIEHHBIX 3TaHAX MOTYT ObITh CYILIECTBEHHO
OoJiee CUTBbHBIMU. [IprUMEPOM MOXET CIIy>KUTh MOJIEKYJla TeK-
caxyjiopaTaHa. DTa CUMMETPUYHAsT MOJIEKYJIa HE UMEET JTUIIOJb-
HOTO MOMeHTa, HO Kaxpnas u3 cBsa3eit C— Cl monsipHa. ATOMBI
XJIOpa HeCyT 3aMETHBII OTpUIIaTeIbHBIN 3apsil, U MX BaH-Iep-Ba-
aJIbCOBBI PAINYChl 3HAYNTENbHO Goubie (1,75 A), uem y aToMoB
Boznopona (1,20 A). Bux moneneit Crioapra — Bpurie6a s 3a-
CJIOHEHHOM M 3aTOPMOXKEHHOM KOH(opMalMii TeKcaxjiopaTaHa
nokasaH Ha puc. 8.13. OTrajKkuBaHue MeXIy aTOMaMU B 3aCJI0-
HEHHOI KOH(OpMaIIMU 0Ka3bIBaeTCS CTOJb CHJIBHBIM, 4TO 0a-
pbep BpameHuss B wmosekyie CyCly yBenuuuBaeTcs 10
45 xJIx/monb (13,2 kkan/Mob).

ITpocreitmmii peacTaBUTENb Psifia COMPSIKEHHBIX TUEHOB —
oyragueH-1,3. B MoJekynax 1ueHoB BpallleHUe BOKPYT IBOMHBIX
cBsizell (M3MeHeHWe WX KOHGUTYpaluil) MOXET IpOoTeKaTh
C OYeHb BBICOKMMM Oapbepamu. Ho BpalllgHuMe BOKpPYT 1LieH-
TpanbHOI ¢Bs13n C— C, KoTopas ¢ (PopMaIbHOI TOUKU 3pEeHUS

3acJIOHEHHast KOHhopMalms 3aTOPMOKEHHast KOH(opMalus

Puc. 8.13. Monenu Crioapta — bpuriie6a st 3aCJIOHEHHOM 1 3aTOPMOXKEHHOM
KoH(MOopMaluii rekcaxjopataHa
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SIBIISICTCST TIPOCTOM O-CBSI3BIO, IIPOTEKACT ITOCTATOYHO JIETKO
¢ GapbepoM OKoJio 4 KKaj/MoJib. 11 HEero CyuiecTBYIOT NIBe
ycToituuBble KoHDopManu. Hanbosee crabuieH miIocKuii pas-
BEepPHYTHIN s-mparc-KoHopmep. CBepHYTHIN S-yuc-KOHGOPMED
MU3-32 TPOCTPAHCTBEHHOTO IIEPEKPBIBAHUSI BOTOPOIOB IPH
IBOMHBIX CBSI3SIX OKa3bIBaeTCS HE IUIOCKUM C TOPCUOHHBIM
yriaoM okoJo 20° (puc. 8.14). PazHocTb 9HepTrUii AByX 3TUX KOH-
(dopMepoB cocTaBIsIeT OKOJIO 2,5 KKajl/MOJIb, I B PAaBHOBECUM
MIpY KOMHATHOM TeMIIepaType HaxXOAUTCs OKOJIO 2% S-yuc-KOH-
¢dopMepa. DTO BecbMa BakKHOE OOCTOSITEILCTBO Mbl JOJKHbI
Bcerma uMeTh B Buay. Peakiiuu queHoBoro cuHtesa ([4+2]-um-
KJIOTIPUCOEANHEHNE), OMWH M3 CAMBIX BaXKHBIX TUIIOB peaKLIMit
COTIPSIKEHHBIX TUEHOB, BO3MOXHBI TOJBKO IS S-4uc-KOHMOP-
MepoB. [103TOMy CKOPOCTH MX IMTPOTEKAHUST KPUTUISCKUM 00pa-
30M 3aBUCST OT MOJIOXKEHUST KOH(POPMALIMOHHOTO PABHOBECHUSI.

s-yuc

2%

Al
“l-
o

Y $
A £
A i
2y ofs
b Fd
Y £

L RS

DHeprusi, KKaJl/MOJb
IO B NANOVI 00
SSNOUNOUNONONONOUDNO

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350
N Byrpannsbiii yron ¢ (C;— Cy— C3—Cy), rpan

Puc. 8.14. KondopmaimoHHoe paBHoBecue it OyranueHa-1,3 u Kpusasi 3aBU-
CHMOCTH DHEPTUH OT ABYTPAHHOIO yIjia
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8.4. KoHdbopMauum umknmyecknx Monekyn
8.4.1. IHuknonponax

Huxnonponan C;Hg, camblit MaleHbKUI U3 LIUKIMYECKUX YIJIe-
BOJIOPOIOB, OOJamacT pPsIIOM OCOOCHHOCTEH 3JIeKTPOHHOTO
CTPOEHUS U XUMUUYECKUX CBOCTB. Ero xumuio Ml Oynem 1oa-
POOHO paccMaTpuBaTh B COOTBETCTBYIOIICH YacTh Kypca. 31ech
K€ SI JTUIITb KOPOTKO OCTAaHOBIIIOCH HAa CTEPEOXUMUHU ITUKIIOIPO-
MaHa 1 ero Npou3BOIHbBIX.

YTIaepoaHBIii CKeJeT LMKIONPOIIaHa II0 HEOOXOIUMOCTH
iockuii, BaneHTHble yribl C—C—C B LMKJE COCTaBISIIOT
Bcero 60°, BasieHTHBIe yriibl H—C—H yBennueHbI Mo cpaBHe-
HUIO C¢ TeTpasgpuyeckum 109°28” mo 115°, a mauHa CBSI3U
C—C ykopoueHa 110 1,51 A 110 cpaBHEHMIO ¢ HOPMATBHBIM 3Ha-
geHueM B stane 1,54 A (puc. 8.154). XuMuueckue cBONCTBA 111~
KJIOMpOIIaHa 1 TIPEXE BCEro JIETKOCTh PACKPBITHUS LIMKJIA B pa3-
JIMYHBIX PeaKIusX, a TakKXKe CIEeKTPaIbHBIE XapaKTepUCTUKH,
TaKkue KakK 4yacToTa BaJIeHTHBIX KonebaHuii B MK-crekTpe u Be-
JIMYMHA  KOHCTAaHThl ~ CIMIUH-CIIMHOBOTO  B3aUMOIEWCTBUS
1J(13C—1H) = 161 I'u, sIcHO yKa3bIBAIOT Ha TO, YTO rMOpUIM3a-
LIMST aTOMOB YIJiepoja B LMKJIOMpoIaHe 6iu3Ka K sp?. [Toatomy
C—C cBsI34 B TPEXWICHHOM IIUKJIC MOKHO pacCMaTpUBaTh KaK
0o0pa3oBaHHbIE 3a CYET MEPEKPHIBAHUS TAKUX Sp*-TUOPUIHBIX
opOwmTaeif, HarpaBIeHUST KOTOPBIX HE COBIAHAIOT C JTUHUSIMH
cBs13U (puc. 8.156), UTO U OOBSICHSET JIETKOCTh PACKPBITUSI LIMK-

1,51A H / =, o
@=115° Paey

v =3080 cm~!
a 0

Puc. 8.15. CtpykTypa uukiionponaHa (a¢) u rnepekpbiBaHue Sp2—FI/16pI/IZ[HbIX op-
OouTasieit B HeM rpu oopazoBanuu cpsizeit C— C (6)
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na. [locTpouB HBIOMEHOBCKYIO TPOEKIIMIO BAOJL OMHOW U3
C— C-cBg3eii, MBI yOeAUMCS B TOM, YTO aTOMBI BOIOPOa B 11U~
KJIOTIpOTIaHe HaXOMSITCSI B 3aCJIOHEHHOU KOHMOpMaIInu.
HexoTopsbie cTepeoxnuMuueckrne 0COOEHHOCTH TIPOU3BOIHBIX
LMKJIOTIPOTIaHa Mbl PacCMaTpUBaIv B TPEAbIAYIICH JIEKIIUU.
Eme pa3 B mopsinke HamOMUHaHUS MPpUBERY (GOPMYJIBI CTEPEO-
M30MEPHBIX LMKJIONponaH-1,2-nuKapOoHOBbIX KUcJIOT. [lpu
HaJIMYUU JBYX XUPATbHBIX IEHTPOB IS TUX COCTUHEHUI BO3-
MOXHO CYIIECTBOBAHME TOJIBKO TPEX CTEPEOU30MEPOB — OITHU-
YeCcKU HeaKTUBHOM (R,S)-me30-DopMbl U Mapbl mpanc-IHAHTU-

OMEPOB.
HOOC /\COOH
N
| |
H H
(02
(R,S)

H /\COOH HOOC /\H
e I
HOOC H H COOH
(R,R) (S.,9)

Oco06priit xapakTep cBsizeit C— C B TpeXUWJIEHHOM IIUKJIE TPU-
BOIUT K TOMY, YTO IIPOM3BOMHBIC IIUKJIOIPOIIaHA, B KOTOPHIX
B COCEACTBE C TPEXWICHHBIM LIMKJIOM HaXOMASITCSI KpaTHbIE CBSI3U
C=C, C=O0 unu apoMaTUYeCKUi LIMKJ, CYILECTBYIOT Mpeu-
MYIIIECTBEHHO B BUIE «OMCCEKTPaIbHBIX» KOH(DOpPMAIINii, B KO-
TOPBIX TJIOCKOCTh KPaTHOM CBSI3W HaIlpaBJjieHa Mo OMCCeKTpuce
yIjia B TPEXWICHHOM IMKJE. 37eCh CHOBA BO3HMKAET THMIIEP-
KOHBIOTALIMOHHOE B3aMMOJIEICTBUE, 3aKJIovalolieecss B Iepe-
HOCE BJIEKTPOHHOM TJIOTHOCTHU CO CBS3bIBAIOLIEH BBICOKOJIEXKA-
et opoutanu csazu C— C B uuKie Ha t*-0opOuTaab IBOMHOM
CBsI3M WK OeH30JIbHOTrO Kosblia. Ha puc. 8.16 mokasaHbl Takue
KOH(OPMAILIMU IIJII BUHIWILUKIONpoNnaHa (a) U (PeHWIIUKIO-
nporaHa (6), a TakxKe CXeMaTUYeCKU BUA Ha OUCCEKTpaIbHYIO
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(2) BuHagdex
(UMLOWUI) rMIOd IO UTI BHOU U (9) BHRLOALOIMUIIUMHIQ ‘(») BHRLHOALOIMUIIIMHNAE UMITBWAOPHO 9194MhHOLIA 99U0QUEBH *9]°§ "I
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KoHbopMalrio heHUIIMKIoNponaHa cBepxy (). Takoii niepe-
HOC OCOOEHHO SIPKO BBIPaXeH B IIMKJIOIPOMMIKAPOEHUEBBIX
noHax. MOH UMKIONMPONMUI(IUMETHI)KapOCHUS CYIIeCTBYET
B OuccekTpasbHOi KoH(opmauuu (2). bapeep BpallleHUS MO
cBsi3u C—C* B HeM cocTtaBiisieT 13,7 KKaj/MOJIb.

8.4.2. IIuk100yTaH 1 NUKJIONEHTAH

Iuknodyran C,Hg B KpucTayuie U B ra3oBoii (a3e CyliecTByeT
B HEIJIOCKOW KOHdopMaluu ¢ yrjioM cruda mukna 145—155°
v wimHoit csisn C—C 1,556 A (puc. 8.17). AtoMmbl Bomopona
B rpynnax CH, He 5KBMBaJIeHTHBI, HO OOMEH MEXIY aKCHallb-
HBIMU M 9KBAaTOPUAJIbHBIMU TTOJIOKEHUSIMU TTPOTEKAET MCKIIIO-
YUTEJIBHO JIETKO 3a CYeT MHBEPCUU LIMKJIA C 0apbepoM BCETO
1,45 KKajI/MOJIb.

B MoHO3aMelleHHbIX LIMKJI00yTaHAX 3aMECTUTEIb CTPEMUT-
Ccsd 3aHATh TIPEHMYIIECTBEHHO 3KBAaTOPHAIBLHOE ITOJIOKCHME.
Pa3zHoCTh CBOOOIHBIX SHEPTUii WISl ABYX KOH(OPMEPOB METUII-
OUKI00yTaHa COCTaBIISIET BceTo 1 KKaj/Moub (puc. 8.18).

Monexkyna nukionentana CsH,, Takxe Herutockasi. [lse
KoH(popmaluu — KoHBepT ¢ cumMerpueid C; M TOJyKpecio
¢ cummeTpueit C, UMEIOT ITOYTU paBHbIC SHEPIUU U HAXOIST-
cs B OBICTpOM paBHOBecuM. bapbep 3TOro B3amMmoIlpeBpalle-
HUSI, KOTOPOE HAa3bIBAIOT KcesdospaujeHueM, He TPeBbIIIaeT

145—155°

o -
P=28_~ ax

Puc. 8.17. Lluk100yTaH cyniecTByeT B HEIJIOCKO KOH(opMauuu
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Puc. 8.18. HBepcus LMKIa B IUKJI00YTaHe MPOTEKAET OYEHb JIETKO

2 xkaj/monb (puc. 8.19). 3aMeTbTe, YTO B XOAE ITOIl MHTEp-
KOHBEpPCUU HE BO3HUKACT IIJIOCKOUW KOH(pOpPMAIUM, SHEPTUS
KOTOPOI MPUMEPHO Ha 5 KKaj/MOJb BBHIIIE, YeM IBYX OCHOB-
HBIX.

Ecau mocTpouTh HbIOMEHOBCKYIO ITPOEKIIMIO KOH(opManu
KOHBEPT BIOOJb OTHON M3 OOKOBBIX CBSI3eil, KaK IMOKa3aHO Ha
puc. 8.20, MOXHO BHIETb, YTO «CTEIEHb 3aCIOHCHHOCTH»
C— H-cBs3eit B 3T0it KOHDOpMAIIKM HEBEINKA.

MoHo3aMelleHHbIe TNKIIOeHTAaHbl TTPEUMYIIECCTBEHHO CY-
IIECTBYIOT B KOH(POpMAIIMM KOHBEPT C SKBAaTOPHUAIBHBIM IT0JI0-
JKEHUEM 3aMeCTUTeNIsl Y aToMa yriepoaa B OTOTHYTOM YTOJIKE
KOHBEpTAa.

—r— - ————— e —
Kousept (Cs) [Monykpecno (C,)
Konsepr (Cs)

Puc. 8.19. brictpoe ncesdogpaujenue B MOEKyne TUKIOMEHTaHA TIPOTEKALT Ue-
pe3 1Be KOH(GOpMaLIMU ¢ TPUMEPHO PaBHOM SHEpTUeit
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OTOTHYTBIN
BBEpX

YIOJIOK s

Puc. 8.20. HolomeHOBcKast TpoeKius KOH(GOopMaluy KOHBEPT LMKJIONEHTaHa
BJI0JIb OJIHOI U3 OOKOBBIX CBSI3€it

8.4.3. IIukjorekcan u 3aMelieHHbIE IIMKJIOT€KCAHDI

Huxnorekcan C4H |, 1 3amMelieHHbIe [IUKJIOTeKCaHbl 3aHUMAIOT
COBEpIIEHHO 0co00e MeCTO B KOH(MOpMAIIMOHHOM aHaJIM3e.
DTa KapOOLUMKINYecKasi CUCTeMa BXOIUT KaK OCHOBHOM CTPOM-
TeJbHBIN OJOK BO MHOTHE TIPUPOJHbBIE COETUHEHUS] U CUHTETH -
yecKue MpOoayKThl. OTIMYUTETbHONW OCOOEHHOCTHIO MTPOM3BO-
JHBIX IIUKJIOTeKCaHa SIBJISIETCS TakKKe TO, YTO TOAABISIONIee
OOJIBIIMHCTBO 3TUX COCTMHEHUI CYIIECTBYET B BeChMa KeCTKIX
KPECIOBUIHBIX KOoH(popMmanusax. UMeHHO Mmpu ucclieqoBaHUMN
LIMKJIOTEKCaHa M ero IPOM3BOAHBIX BIIEpBbIE Xacceab cdop-
MYJIUPOBaJl OCHOBHBIE TIOJIOXEHUsI KOH(MOPMAIlMOHHOTO aHa-
JIu3a, KOTOpble ObUIM CTOJb OJiecTsie pa3BuThl epekom bap-
TOHOM.

ILukorekcaH cymiecTByeT B KOH(MOpMaLMKu Kpecio. B Heil
IIECTh aTOMOB BOAOPOJA 3aHUMAIOT dKBaTOPUAJIbHBIE, a IIECTh
IPYIUX — aKCHaJIbHBIC MOJIOKeHMSI. HbhIoOMeHOBCKasI TPOEKIIVST
BIOJb OBYX IpoTUBOJexkaux cBsa3eit C— C muKia moka3biBa-
eT, uTo 3acioHeHue C— H-cBsi3eil OTCYTCTBYET, a TTO3TOMY MO-
JIeKyJia TOJKHA ObITh CBOOOAHA OT TOPCHMOHHBIX HAMpPSIKEHUN
(puc. 8.21). Moaens Crioapta — bpuriebda, koTopasi mpaBUJIbHO
repegacT pasMepbl U (popMy MOJIEKYJIbI, TTOKa3aHHAas B IBYX
MIPOEKIIMSIX HA TOM XK€ PUCYHKE, ITO3BOJISICT BUIETh, HACKOJIBKO
KOMITaKTHA 3Ta CTPYKTypa.
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111,05° H H

aKCHUaJIbHbIC 3KBAaTOpPHAJIbHBIC

SKBAaTOpUaAJIbHbLIC aKCHUaJIbHbIC

BUJI COOKY BUJI CBEPXY

Puc. 8.21. KpecioBuanas KoHdopmalust LMKIOrekcaHa u ee monenb Crioap-
Ta — bpurneda B ABYX MpoeKLMsIX

HBe kpecinoBUOIHBIE KOHMOPMAIIUKM IUKJIOTEKCAaHA TIepexo-
IISIT APYT B Apyra 3a CYeT MHBEPCUM LIMKJIA C BBICOKOW CKOpPO-
CTbI0. DTU KOH(OpMaALIMU UACHTUYHBI, a TIOTOMY TPOLIECC BbI-
poxaeH. B HeM mpoucxoauT oOMeH MOJ0XKEHUSIMU aKCUaTbHBIX
U 3KBAaTOPUAJIBHBIX aTOMOB BOIOPOAA, UYTO JIETKO BUAETh HA
puc. 8.22.

DTOT Tpolecc ACTAbHO MCCIENOBaH 3KCIIEPUMEHTAIbHO
MeTogaMu auHamuuyeckoro AMP, a moBepXHOCTb MOTEHLIMATb-
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Puc. 8.22. [1pu nHBepcuM 1IMKIIA B LIMKJIOTeKCAaHe aKCUalbHbIE U 9KBaTOpUATIb-
HbI€ aTOMbI BOJOPO/Ia OOMEHMBAIOTCSI TTOJIOXKEHUSIMU

HOM SHEpruu IUKJIOTeKCcaHa M3ydyeHa C IOMOIIbI0 METOIOB
KBAaHTOBOW XWUMHUU BbICOKOTO ypoBHS. Ceuenue IITID Bmosnb
KOOpAMHATHI peaklMM TokaszaHo Ha puc. 8.23. Hamboiee yc-
TOWYMBBIE KPECIOBUAHBIE KOH(POPMAUU COOTBETCTBYIOT IJIO-
6anbHBIM MuHHMyMaM [II1D. MakcuMalbHBIMU SHEPTUSIMU
11,1 xkan/Mojb 00samarT KOHGOPMAIIMM TUIMA IMOJYKPECo.
B TedyeHue qosroro BpeMeHu 00CYKAaJICS BOMPOC O BOZMOXHO-
CTU peaNmn3aliiy BTOPOI YCTONYMBOI KOHMOpPMaIUM «BaHHA»
unu jgonka. Okaszaaoch, YTO SHEPIUsl 3TOi KOHGboOpMallMU Ha
6,7 KKaj/MOJIb BBIIIIe, YeM KPeCOBUAHOM KoHMopmaimu. Ha
[IT1D Her NOKaNbHOTO MUHMMYMa, KOTOPBII CUMMETPUYHOI
BaHHE cOOTBeTCTBYeT. Kak MOXHO BUaeTh U3 puc. 8.24, HecTa-

L 4
q 11,1 § 7 11,1 D'l

TOJTYKPECIO TIOJTyKPeCIO

-

BaHHa

TBI/ICT BaHHa TBI/ICT BaHHa

DHeprusi, KKaj/MoJIb

7 7

Jieay ] p e,

Kpeciio Kpeciio
0,0 0,0

Puc. 8.23. [Ipoduab U3MeHEHUS] SHEPTMU MPU MHBEPCUM LIMKJIA B IIUKJIOTEK-
caHe
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<<¢)J'lal"LLlTOKOBbIC>> BOIOPO/IbL
4 H H H
J >
J J y

KoHbopMaLus
BaHHa
CUMMETPUYHAs BAaHHA

3aCJIOHCHHBIC

H
. HH LH
- wﬂ H
H H
H H

MPOCKIUA Hbromana TBUCT-BaHHa

Puc. 8.24. KoHdopmaivu LMKIOTeKcaHa BAHHA U TBUCT-BaHHA

OMIBHOCTh CHMMETPUYHOI BaHHBI 00YCJIOBJICHA HE TOJIBKO 3a-
CJIOHEHHBIMU TOJIOKCHUSIMH YETBhIPEX T1ap BOJOPOIOB METHIIC-
HOBBIX TPYIII, HO TakKXke W ABYMS «(hIarmToKOBbIMU» B3aMO-
NEUCTBUSIMMU.

HeoOompimoe mckaxkeHNE CUMMETPUYHON BaHHBI CHUMACT
YacTh TOPCUOHHBIX U (hJIaTIIITOKOBEIC HATIPSDKEHMSI, U TSI KOH-
(opmanuu TBUCT-BaHHA TOSIBJISIETCSI JIOKAJbHBII MWHUMYM
III1D, ona peanusyercst Kak nHTepMenuar. @psuk bosu, uc-
cjemoBaB MeTomoM mmHaMmmieckoro SIMP wmHBepcuro mukia
B LIMKJIOTeKCaHe, OMpeneni KMHETHISCKIE TTapaMeTphl 3TOTO
npouecca: AH* = 10,8 £ 0,1 kkan/monb, AS*=-2,81+0,5 s.e.
Kax Bumute, 3KCIieprMMeHTaJbHBIC 3HAYCHMST HAXOMSITCS B OT-
JIMYHOM COTJIACUU C TEOPETUICCKUMU OLICHKAMM.

IIpu rrepexone K MOHO3aMENIEHHBIM LIMKJIOTeKCaHaM CUTYya-
1IMsl CYLIECTBEHHO YCIOoXHseTcs. B paBHOBecuu Temepb Haxo-
IATCSI ABA pa3HbIX KOH(GOpPMeEpa ¢ aKCUaJIbHBIM 1 9KBaTOPHAIb-
HBIM TTOJIOKEHUSIMHU 3aMECTUTENISI. DTOT IIPOIIECC TSI METUIIII -
KJIOreKcaHa Moka3aH Ha puc. 8.25. Jlerko BUAETb, 4TO TIpU
aKCHUAJIbHOM TIOJIOXXKEHMM MeTujIa B MOJIEKyJe BO3HMKAIOT 3Ha-
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MIPOCTPAHCTBEHHOE
TePeKpPhITHE

H 'CH, UHBEPCHSI H

_—
A H CH;

Puc. 8.25. KoHdopmalimoHHOe paBHOBECUE B METUIILIMKIIOTEKCAHE

YUTEJIbHbIE TIPOCTPAHCTBEHHBIE HATIPSDKEHUS 33 CUET OJM3KUX
KOHTaKTOB BOJIOPOIOB METHUJIBHOM TPYIIITBI C IBYMST aKCUATbHbBI-
mu atoMamu Bogopoaa npu C(3) u C(5). D1to Te ke caMmble
20ul-B3aMOJIEMCTBYSI, KOTOPbIE MBI BHIEIN B KOH(MOpPMAaIUsIX
oyraHa. B Tabnuue 8.2 Mbl HaXOAUM COOTBETCTBYIOLLIME UM
sHepruu: 0,9 X 2 = 1,8 kkayn/Moib. [ToaToMy B MOHO3aMeIIeH-
HBIX IIMKJIOTeKcaHaX KOH(MOpPMaIlMOHHbIE PaBHOBECHUS BCeraa
JTIOJKHBI OBITh CYILIECTBEHHO CIIBUHYTHI B CTOPOHY 9KBaTOPUATb-
HBIX KOH(OPMEPOB, U 3TO CMEILIEHUE NOJKHO ObITh TEM 0OJIb-
11e, 4eM OO0JIbIIIe 00BEeM 3aMECTUTES.

BinusHue 3amectuTenst Ha MojaoXeHue KOH(MOPMALIMOHHOTO
paBHOBECHSI B 3aMCILECHHBIX IMKIOTeKCaHaX MPUHSITO OILICHU-
BaTb BEJIMYMHON «KOH(poOpMalMoHHO! 3Heprunm» A=-—AG
(KKay/MoJb).

Hanbonee nonvyto noa6opky 3HaueHuit A npu pasHbix TeMnepartypax gns |00
PasfNyHbIX 3aMecTUTeNie MOXHO HaiTV B OTIMYHOM MoHorpadum . nuana, C. Ban-

nera n M. Joina «OcHOBbI OpraHM4ecKoi CTEPEOXMMUY, BbiLLIE/ILLIEN B PYCCKOM mne-
pesoge B 2009 r. B usgatenbctee «burom» (Mocksa).

HekoTtopble n30paHHbIe 3HaUeHMS JaHbl B Tabaulie 8.3. DTu
BEJUUYUHBI ofpeaesneHbl MeToaoM SIMP npu HU3KUX TeMIiepaty-
pax. ToYHOCTb TaKMX OIpenesieHNiA OOBIYHO He MpeBbIaeT 5%.
I1pu 3TOM B pa3HBIX paboTax orpeaeaeHus MPOBOIWINCH B pa3-
HBIX DPAaCTBOPUTENSAX, M 3HAYCHUs] MOIYT HECKOJIBKO pasjiv-
YaThCsl.
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Ta6muma 8.3. Kondopmarmontsie sHeprun A (KKaji/MOJb) IS 3aMe-
CTUTEJIEH B MOHO3aMEIIIEHHBIX IIMKJIOTeKCaHaX

R
P AG°=—RTnK,
H  — R
——
H
R A R A R A

D 0,006 |CH; 1,74 |CN 0,15—0,25
F 0,24—0,28 | CyH; 1,8 CHO 0,62
Cl 0,53 | CH(CHj), 2,1 COCHj 1,1
Br 0,48 | C(CHj3)3 >4,5 | COOH 1,4
I 047 |CH=CH, 1,7 COO~ 2,0

C=CH 0,5 COOCH; 1,2

C¢Hs 2,9 CN 0,2

CF; 2,5
OH? 0,52 [NO, 1,16  |Si(CH3)3 2,5
OHD) 0,87 | NH® 1,23 | Ge(CHz); 2,1
OCH; 0,56 | NH,» 1,7 Sn(CHs); 1,0
OC4H; 0,75 | N(CHjy), 1,53 | Pb(CH3)3 0,67
OCOCH; 0,70 [NC 0,20 |HgBr 0

HeCl —0,25

3) B HeMoJSIPHBIX ATPOTOHHBIX PACTBOPUTEISIX; ) B MOMNSPHBIX PACTBOPUTEINSIX,
CITOCOOHBIX K 00Pa30BaHUIO BOJIOPOIHBIX CBSI3EH.

BonbLuyto YacTb 3HaueHUit B Tabnuue 8.3 A B3An u3 5-ro usganus kuurn F.A. Carey,
R.. Sundberg, Advanced Organic Chemistry. Onu onpepeneHbl Ana TeMnepaTypbl
25°C.

AHaIM3Upys JaHHbIE TaOIULBI 8.3, MOXKHO BBISIBUTH PsII 3a-
KOHOMEpHOCTel. B 11e;10M 10CTaTOUHO YeTKO TIPOSIBIISIETCS TeH-
IEHIIUS pocTa KOH(POPMAIIMOHHBIX 3HEPTUU C YBEeIWYCHUEM
o0bema 3amectuTessT. OMHAKO 3Ta 3aBUCUMOCTh HEe HOCHUT MPO-
CTOI JIMHEWHBIK XapakTep. JlocTaTouHO, Hampumep, MOCMO-
TPETh Ha 3HaUEHUSI A 7151 ATKWIbHBIX paquKaioB. S ele pa3 Bbl-
Hec uX Ha puc. 8.26.
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H M
H_ S H Sh
H H
A 1,74 1,8
Me Me
H_ _SaMe Me S Me
H H
A 2,15 >4.5

Puc. 8.26. 3HaueHust KOHGOOPMAIIMOHHBIX 9HEPTUIA A (KKaJI/MOJIb) TSl alTKUb-
HBIX PAJINKAIOB

[Tpu nepexone ot MeTua K 3TUTY U U30OTIponuiy A Bo3pac-
TaeT IUIaBHO, a 3aTeM I mpem-OyTWiia cpa3y yBEJIUYUBACTCS
BABOE. DTOT (haKT JIETKO HAXOIUT OOBSICHEHUE, €CIM MPUHSTH
BO BHUMaHMe, 4TO JIJIST TIEPBBIX TPEX 3aMECTUTENIel TTPU UX pac-
MOJIOXKEHUM B aKCUAJIbHOM MO3UIIMK BO3MOXHBI TaK1E UX OpH-
EHTAIlM1 OTHOCUTEIbHO IIMKJIa (OHU U TIOKa3aHbl Ha puc. 8.26),
KOrJa METUJIbHBIE TPYIINbl HE YYaCTBYIOT B 1,3-IMakcuaaIbHOM
B3ammoneiicteun. Ho mist mpem-6yTuia Takue CUIIBHO IeCTabu-
JIU3UpPYIOLIYE B3aUMOIEHCTBHST HEM30EXXHBI. MaJsible o 00beMy
mmHeiHbIe 3amectutenn (CN, NC, C=CH), kak u cienoBajio
OXMIATh, 00JIaAI0T OYEHb MAJIEHBKMMU KOH(MOPMAITMOHHBIMU
sHeprusMu. KoHpopmalimoHHble sHeprum misg rpynn OH
u NH,, a Takxxe Apyrux rpyI, criocOOHbIX K 00pa30BaHUIO BO-
JIOPOJIHBIX CBsI3eM, CYLIECTBEHHO YBEJIMUUBAIOTCS B IPOTOHOIO-
HOPHBIX TTOJISIPHBIX PACTBOPUTEISX 10 CPABHEHUIO CO 3HAUCHU-
SIMM, OIpPEJCJICHHBIMU B HEMOJSIPHBIX HEUTPaJbHBIX Cpelax.
M 3T0 TOXe MOHSITHO — PSIAOM C 3TUMM TPYIIIIaMHU HAXOMSTCS
CBSI3aHHbIE C HUMU BOJOPOMHOI CBSI3bIO MOJIEKYJIbl PACTBOPU-
TEJISI, YTO U IMIPUBOIUT K YBEIUYCHUIO «3(D(HEKTUBHOTO 00beMay.

Ocoboe MecTo cpeid BceX 3aMeCTUTENel 3aHUMAIOT JIeMEH-
toopranndeckue rpynisl M(CH;); (M = Si, Ge, Sn, Pb) u rpyn-
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na HgCl. B aT0i1 cepun KoH(pOpMallMOHHBIE SHEPTUM TTOHXKA-
f0TCsI ¢ pocToM obbema rpymisl, a st HgCl 3HaueHue 4 craHo-
BUTCS OTPHMIATSIBHBIM. Sl yBepeH, 4TO BHI yKe IOOTadaicCh
O MpUYMHE 3TOI aHoManuu. Jla, NefiCTBUTENbHO, 32 HEe OTBET-
CTBEHHO TO caMoOe O,0*-TUIECPKOHBIOTAaTUBHOE B3aMMOICHi-
CTBHE, KOTOPOE CTAOMIM3UPYET MPAHC-PACIIONOXEHNUE CBSI3CH
C—H B 3TaHe u tpaHc-pacnoyioxenue cszeit C—H u C—F
B 1,2-nudropataHe. Tolabko B 3TOM ciydyae B HEM Yy4acTBYIOT
ToHOpHBbIe o-opouTanu csa3eit C—M (M = Si, Ge, Sn, Pb, Hg)
U o*-opOUTaIM ABYX aKCHAJIbHBIX aTOMOB BOJIOPOIA TIPU yIJIe-
pornHbIx atomax C, u Cg IMKIiIa. DHeprun o-opouTaneii cBs3eit
C—M B pany Si, Ge, Sn, Pb, Hg OvIcTpo pacTyT, B COOTBET-
CTBHU C 3TUM YMEHBIIAIOTCST PA3HOCTH YJACTBYIOIINX B CBSI3bI-
BaloIlleM B3anMMoIeiicTBUU opouTaneit (cMm. ¢opmyay 8.1), a mo-
3TOMY pacTeT W BBIUTPHIII B 3Hepruu AE, cradunusupyromnimii
aKCcHaJIbHBII KOHDOpMeD.

HTak, MBI IIpUXOIUM K BEIBOAY, UTO 1,3-BaH-Iep-BaaIbCOBO
MepeKkpbIBaHNE OOBbEMHOIO 3aMECTUTENSI ¢ aKCHAJIbHBIMU aTo-
MaMU BOAOpOAa — OTHIONb HE €IMHCTBEHHBIN (hakTOp, KOTO-
pBIii onpeaensieT 3HaueHUsI KOH(OPMALIMOHHBIX SHEPTUIi 3aMe-
CTUTEJICH B MOHO3aMEIIIeHHBIX IIUKJIoTeKcaHaX. OUueBUIHO, YTO
TIPY TIepexoe K I~ 1 TTOIN3aMeIIeHHBIM IIMKJIOTeKCaHaM C T10-
JIIPHBIMU 3aMECTHUTEJIIMU TIPUIETCS YIUTHIBATh M 3JIEKTPOCTA-
TUYECKUe B3auMojeiicTBusl. BMecTe ¢ TeM oueHb OoJibllioe 3Ha-
yeHue A > 4,5 nna mpem-OyTUILHOM TPYIIIBI 1aeT OCHOBAaHUE
IyMaTh, 9YTO OHA Bcerma OyIeT 3aHMMAaTh SKBAaTOPHAIBHYIO T10-
3unnio. Tak U TPOUCXOAUT, TTIOITOMY Mpem-OyTUIBHYIO TPYIIITY
B LIMKJIOTEKCAHAX HA3bIBAIOT «KOHQOPMAUUOHHBIM SKOPEM».

IIpu aHanuze KOHGMOPMAIIMOHHBIX SHEPIUil B OU3aMEILEeH-
HBIX IUMKJIOTEKCAaHAX yYeT CTepUUECKMX B3aMMOACHCTBMI MaeT
BO3MOXHOCTh Ha KaueCTBEHHOM YpOBHE IIpeAcKa3aTh ITOJIOXKe-
HUEe KOH(OPMAIIMOHHOTO paBHOBeCHs. BOT o4eHb TpoCThbIe
npumepbl.  [luc-1,3-AUMETUILIMKIOTeKCAaH MPUHUMUITMAIBHO
MOXET CYIIECTBOBATh B IBYX KOH(popMauusx. Ta, B KOTOpoii 00e
METWIbHBIC TPYMIIBI 3aHUMAIOT 3KBAaTOPHMAIBHBIC ITOJIOXCHUS,
OYeBUIHO, OymeT 0oJiee BHITOMHOM (puc. 8.27).
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Puc. 8.27. KoHdopmalimoHHoe TMOJOXeHUE B yuc-1,3-TMMETUIIMKIOTeKCaHe
CHJIBHO CMEIIEHO B CTOPOHY JIMIKBATOPUAILHOTO KOH(opMepa

A B U30MepHOM mpanc-1,3-TUMMeTUILMKIOreKcaHe 00a KOH-
¢dopMepa 00J1agaOT paBHOM SHEPIUEH, MTOCKOIbKY BCErIa OJNH
METIJI HAXOIUTCS B KBAaTOPHAIBHOM, a BTOPOIl — B aKCHAlb-
HoM TrojioxxeHuu (puc. 8.28). B cimywae yuc-1-xmop-4 mpem-0y-
TUJIIMKJIOTeKCaHa paBHOBECHE OYyIeT TIOJHOCTBIO CMEIICHO
B CTOpOHY KOH(oOpMepa, B KOTOPOM aKCUaJIbHOE IOJOXEHUE
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9KBATOPUAJIbHbI
KOH(popMepbI

paBHOI CH;
SHEPrun
H
3KBaT0pVIaJ'IbeII/I
H
CH

aKCUaIbHbIA

Puc. 8.28. BripoxxieHHoe KOH(pOpMallMOHHOE paBHOBecue B mparc-1,3-nume-
TUJILIMKIIOTeKCaHe
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Puc. 8.29. B yuc-1-xnop-4 mpem-0yTUILMKIOreKCaHe paBHOBECHUE MOJTHOCTbIO
CMELIEHO B CTOPOHY KOH(OopMepa ¢ aKCHaIbHBIM XJIOPOM

Cl

3aHUMaeT XJIOp, a mpem-OyTWIbHBIA 3aMECTUTENIb BBITTOJIHSIET
poJIb KOH(OPMALIMOHHOTO SIKOPSI M HAXOIUTCS B 9KBATOPHAIb-
HoIi rmo3uuuu (puc. 8.29).

Oco0bIit cimyJaii mpeacTaBisieT yuc-1,4-mu(mpem-0y T )TN -
KJIoreKcaH. B aToit MoJiekysie, eciiu IUKJI COXpaHUT KOH(opMa-
LIIO KpecJia, OfHa U3 mpem-OyTWIBHBIX TPYIIT JOJKHA 3aHU-
MaTh aKCUaJIbHYIO TO3UIIMIO, YTO KpaliHe HeBhIrogHo. M torma
LUK TIpUHUMaeT (GopMy TBUCT-KOHGpOpPMepa, B KOTOPOM 00e
mpem-OyTWIbHbIE TPYIIIbI MOIYT 3aHSATh 0O0Jiee BBITOAHBIE
«TICeBIOAKBATOPHANIBHBIC» TO3UINH (puc. 8.30).
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Puc. 8.30. [{uc-1,4-nu(mpem.OyTUT)LIMKIOTEKCAH  CYILECTBYET  INpEeuMyIe-
CTBEHHO B BUIE TBUCT-KOH(OpMEpPA, B KOTOPOM 00€ mpem-0yTuiib-
HbIE TPYIIBI 3aHUMAIOT 00JIee BBITOIHBIE «IICEBI0IKBATOPUATIBHBIC»
MO3ULIUU
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B aTOM Kypce Mbl HEOIHOKpPATHO OyaeM BCTpedyaThCsl C reTepo-
OUKINICCKUMM aHaJIoTaMM IIUKJIOTeKCaHa, ¢ IICCTUWICHHBIMUI
LIMKJIAMU, B KOTOPBIX OJWH WJIX ABa aTOMa YIJIepoaa 3aMeIIeHbI
KUCJIOPOJOM, Cepoit Mau a30ToM. K HUM OTHOCSITCS MUNEPUANH
u TeparuaponupaH, 1,4- u 1,3-guokcaHbl, a Takxe 1,3-au-
TUAHBI.

[MunepunuH MMPOKO MCIIOIB3YEeTCSI KaK OCHOBaHMUE, a KaK
BTOPUYHBIN aMWH OH TIPUMEHSICTCS UISI CUHTE3a CHAMWHOB U3
KeTOHOB. OH CyIIECTBYET, MOJIOOHO LIMKJIOTEKCaHy, B BUAE ABYX
KOH(pOPMEPOB B (popMe Kpeciia ¢ aKCHAIbHBIM M 3KBaTOPUAITb-
HBIM TIOJIOXKeHHMeM aToma Bomopona B rpymnmne NH. Bompoc
0 TOM, KaKOi MX 3TUX ABYX KOH(MOPMEPOB Oosiee CTaOUIIeH, BbI-
3bIBaJjl OOJIbIINE CIIOPhI, TOKA, HAKOHEL, OKOHYATEIbHO HEe ObI-
JIO YCTaHOBJICHO, UTO B Ta30Boit (ha3e Ha 0,72 KKayi/MoJb Ooiee
YCTOWUYMB 2KBaTOpUaibHbI KOH(opmep (puc. 8.31). B pactBo-
pax roJjioxxeHre KOH(OPMAllMOHHOTO paBHOBECHSI CWJIBHO 3a-
BUCHUT OT MOJSIPHOCTU cpenbl. [1pu 3TOM MOJsSIpHbIE pacTBOPU-
TeJIM CTAOMJIM3UPYIOT aKCHaIbHBIM KOH(bOpMED.

KoHbopMammoHHbII Tepexol B MUIIEPUINHE MOXET OCYy-
IIECTBIISITLCS ABYMS IyTSIMA — 3a CYCT MHBEPCUU aTOMa a30Ta
1 3a cYeT MHBepcuu 1ukiia. MHBepcus a3oTa MmpoTekaeT ¢ boJee
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AG° = —3,16 xkay/MoJb

8.4.4. 'eTepouMKINYECKHE AHAJIOTH HUKJIOreKCaHa

Puc. 8.31. KoHdopmalimoHHbIe paBHOBECHSI B MUIepUAMHE U N-METUIUIIEPU-
NIMHE
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HU3KUM OapbepoM 6,1 KKaji/MOJb, a MHBEPCUSI LIMKJIA UMEET
MPaKTUIECKU TOT Xe Oaphep, YTo 1 Oapbep B IUKIIOTEKCAHE, —
10,4 xxan/mMob. DKBaTOpUaIbHBIN KOH(popMep N-MeTUImuIe-
puauHa Ha 3,16 KKaj/Mojib cTabuiibHee akcuaabHoro. PazHuiia
B KOH(OPMAIIMOHHBIX SHEPTUSIX [IJI HETO OOJIbIIE, YeM IIJIST Me-
THIIUKIOreKcaHa (1,74 Kkaji/MoIb). OTOT (aKT HETPYIHO 00b-
SICHUTb. Mbl 3ameHunun naBe cBsi3u C—C B LMKJIOTreKcaHe
(1,54A) na 6Gomee koporkue csisi C—N B TuUmepHanHe
(1,47 A), mosTOMy B aKCHIBHOM KOH(OPMEpe YMEHBIIWINCH
pacCTOSTHUSI MEXIy aToOMaMM BOAOPOAA METWIbHON T'PYIIIbI
¥ IByMS aKcuadbHBIMU Bomopomamu rmpu C; u Cs. B pesynbrare
1,3-mmakcuaabHbIe BaH-IeP-BaalbCOBBI B3aMOICHCTBUSA B I~
TepUIMHE BO3POCIIH.

Tot ke apdexT nposiBasieTcs: B 2-MeTUINUNEpUanHe. 31ech
COKPATWJIOCh PACCTOSTHUE JIMIIb C OMHUM M3 aKCUAJIbHBIX BOIO-
pOIOB (s OTMETWJI €ro OBYCTOPOHHEH CHHENM CTpeiaKoil Ha
puc. 8.32), N0O3TOMY pa3HOCTb PHEPTUIl aKCUAJTBHOTO U 9KBATO-
pUaIbHOrO KOH(GOPMEPOB MO CpaBHEHMIO ¢ N-MeTHUJIITUTIePU-
JUHOM yYMEHbIIWIAach. A B MoJieKyjie 4-MeTUINUIIepUaHa 3a-
meHa cBs3eit C—C Ha cBsg3u C— N yxe MOUTH He OKa3bIBaeT
BJINSIHUS Ha PACCTOAHUS MEXAY METUIOM U aKCUAJIbHBIMU BO-
IOPOJAaMM, TTO3TOMY M Pa3HOCTh dHEPIWil IBYX KOH(MOpPMEpOB
JIOJKHA YMEHBIIUTBCS 0 HOPMAJTbHOTO 3HaUYeHUsI. Pe3ynbraTsl
aKcrnepuMeHTa (puc. 8.32) 5To MOATBEPKAAIOT.

Cssisu C—O (1,43 A) eme kopoue, yem csizu C— N, 1o-
5TOMY B aKCUalbHOM KoH(popmepe 2-MeTui-1,3-1mokcaHa
1,3-mrakcuanabHbIe BaH-ICP-BaabCOBHI B3aMMOICHCTBUS eIlle
OoJTbIlIe BEIpOCIH. B COOTBETCTBUM C 3TUM YBEIMYIIIACH U Pa3-
HOCTb 9Hepruit nByx KoHdopmMmepos (puc. 8.33a). A B akcHalIb-
HOM KOH(popmepe 4-meTui-1,3-gMoKcaHa HE BO3HUKAET
1,3-CH;—H-nepexpbiBanuii. IloaToMy pasHOCTb 3Hepruii
KOoH(bOopMepoB pe3ko mamaeT (puc. 8.336), 1 oHa OOyCIIOBIICHA,
10 BCEU BUAMMOCTHU, TEM, UYTO M3-3a MEHBIIIETO PACCTOSTHUS aK-
cuaabHOro Bogopona npu C, 10 akcuanbHBIX BOgoponoB npu C,
un Cg (2,05,& BMecto 2,45A B LIMKJIOTeKCaHe) BO3HUKAET 3TO
TOPCUOHHOE HampsikeHue (puc. 8.336).
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Puc. 8.32. PazHocTH 3HEpruii akCMaJbHOTO U 9KBaTOPUAJILHOIO KOH(OpMEPOB
B 2-METWI- U 4-MeTWITUIIEpUINHAX
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Puc. 8.33. KoHdopmaliMoHHbIe paBHOBECUSI B 3aMEILIEHHBIX 1,3-11OKcaHax



Puc. 8.34. 1,3-Autnan

Takum 00pa3oM, Ha OCHOBaHMM ITPOCTOTO aHAIN3a JAaHHBIX
10 TEOMETPUM MOXHO CHe/aTh BIIOJIHE pa3yMHBIE BBIBOIBI 00
M3MEHEHUSAX KOH(POPMALIMOHHBIX JSHEPIUA B MUITEPUINHAX
u 1,3-1MoKcaHax, HeCYIIUX METUJIBHBIC 3aMECTUTEIN B Pa3HBIX
MOJIOXKeHMSIX. S mymaro, 9To BaM OyIeT MHTEPECHO CaMOCTOSI-
TeJbHO HAWTU CTPYKTYpHbIE JaHHbIe M5 1,3-AuTHaHa U mpoa-
HaJIM3UPOBATh CUTYALMIO ¢ KOH(MOPMALIMOHHBIMUA PaBHOBECHSI-
MU B 3aMeIIeHHBIX 1,3-muTnanax (puc. 8.34).

8.4.5. IIukjorekceH M HUKJIOTEKCAHOH

LukiorekceH cyiecTByeT B KoOHbOpMalMM TIOJyKpecia
(puc. 8.35). AToMbl yriiepoaa 3 u 6 jiexxaT B IZIOCKOCTH JBOMHOM
CBSI3U, a 4 U 5 BBIXOIAT U3 Hee BBEPX M BHU3 COOTBETCTBEHHO.
Bapwep mHBepcUM MUWKIIA, TIO0 JaHHBIM HHU3KOTEMIIEpATypHOTO
AMP, coctasasier 5,3 kkan/mMojb. B 4-3aMellleHHbIX LIUKJIOTEeK-
CeHax 9KBaTOpHajIbHbIe KOH(POPMEphI CTAOUIbHEE aKCUAIbHbIX,
HO 3HAYeHUs] KOH(MOPMALIMOHHBIX SHEPIUil 3aMECTUTEIEH B 3a-
MEIIeHHBIX IMUKJIOTEKCeHaX MPUMEPHO B IBa pa3a HIDKE, 4eM
B MOHO3aMeIIleHHBIX [IUKJIOTEKCaHaX.

B nanpHeiieM B 3TOM Kypce ¢ KOH(popMaLusIMU TUIIA MOy~
KPECIIO MbI €111e BCTPETUMCS HE pas3.

IToao6HO LUKIIOreKCaHy HUKIOTeKCAHOH CYLIECTBYET B BUJIE
MPEeUMYILEeCTBEHHON KpeCIOBUAHOI KoHMopMauuu (puc. 8.36),
HO B 00JITacTH KapOOHWJIBHOM TPYIIIHI LIMKJI YIUIOmeH. bapbep
WHBEPCUU LIUKJIA B HEM ITO3TOMY CYILIECTBEHHO MEHbIIEe, YeM
B LIMKJIOTeKCaHe, M COCTaBJsIeT Bcero 4,0 kkan/Monb. PazHoCTH
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Puc. 8.35. LlukiorekceH cyiiecTByeT B KOH(GOpMalMK MojyKpecia
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Puc. 8.36. LlukiorekcaHoH 1 KoH(bOpPMAIlMOHHOE paBHOBECHE B 3-METHILIM-
KJIOTEKCAaHOHE

SHEPTUI aKCUAJIbHBIX U AKBAaTOPHAIBHBIX KOH(DOPMEPOB 3aMe-
IIEHHBIX IIUKJIOTeKCAHOHOB TaKXKe YMEHBIICHBI IT0 CPaBHEHUIO
C LUKJIOTeKCaHOBBIM PSIZIOM.

8.4.6. IlukorenTan ¥ MUKJIOOKTAH

B Hamy nporpamMmy He BXOIWT AeTajbHOE M3ydYeHUE KOHMOp-
MallMii IIUKJIOB CPETHEro pa3Mepa U MaKpOLMKJIIOB, a ITO3TOMY
s KpaTKO OCTAHOBJIIOCH JIMILb Ha CTPYKTypaxX LUKJIOrenTaHa
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¥ IMKJIOOKTaHa. He TpymHO moramatbcesl, 9YTO MOBEPXHOCTH TIO-
TEHUIMATbHBIX SHEPTUU [JIT 3TUX IUKJIAHOB OKAa3bIBAIOTCS
OYEHb CJIOKHBIMU, U Ha HUX CYLLIECTBYET OOJIbLIOE YMCIIO JIO-
KaJbHbIX MWHUMYMOB, COOTBETCTBYIOIIMX pPa3HBIM KOH(MOP-
MepaM.

HauGonee ycroituuBoii KoHdopMalyein UMKIOTrenTaHa
C,;H,,, 0 sKcrnepuMEHTAIIBHBIM JaHHBIM, SIBIsIeTCS (opma
CKpy4YeHHOTO0 Kpecia (meucm-kpecao, puc. 8.37a), B KoHpopMa-
LMY CUMMETPUYHOTO Kpecha (kpecao, puc. 8.376), KoTopasi je-
JKUT Ha 2,16 KKaj1/MOJIb BbILIE [10 9HEPTUH, BO3HUKAET HeOJIaro-
MPUSITHOE 3aCJIOHEHHE, KOTOPOE ST OTMETHII KPAaCHBIMM CTpEIKa-
mu. HebGombloe ckpyunBaHue ero yctpaHseT. KoHpopmaluu
meucm-n00ka (puc. 8.376) n aodka (puc. 8.372) eme MeHee
ycToiunBEl. HanboJiee TOYHBIN U3 CASTaHHBIX Ha CETOTHIIITHUIA
JIeHb KBAaHTOBO-XMMMUYECKUX pacyeToB (METOM CBSI3aHHBIX KJla-
ctepoB CCSD/6-31"*G**, ycioBus ra3oBoii ¢asbl) gaeT MEHb-
IIee 3HaYCHNE OTHOCUTEILHOU dHEPTNU KOHMOPMAIINU Kpecao

-
3aCJIOHEHHUE

TBUCT-Kpeciio (0 KKai/MoJib) Kkpecio (2,16 Kkay/MoJb)
a 0

""i'ﬂ.*:/( %t/
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TBUCT-JI0NKa (2,49 i;Ka.J'I/ MOJIb) nonka (3,02 kkaj/Mob)
8 e

Puc. 8.37. Kondopmanuu LukiorenTaHa 1 MX OTHOCUTENIbHbIE SHEPTUU
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Puc. 8.38. [IpeumyniectBeHHasi KoHpopMauus LMKIorenrarpueHa-1,3,5 —
«100Ka»

(0,9 kkanx/monb) M paBHBIE SHEPruud I KOHMOpMaIuii
meucm-a00ka 1 nodka (3,3 Kkai/Monb). Takoe cornacue MOXHO
MPU3HATH OYeHb XOPOIIUM.

[Tpu BBeieHNN B CEMUWIEHHBIN IIUKJI TBOWHBIX CBSI3eH OH
CTaHOBMTCS OoJjiee XeCcTKMM. B Hailrem Kypce MbI CKOPO BCTpe-
™Mcs ¢ 1,3,5-1uKIorenTaTpueHoM. DTOT YrJIeBOAOPOI UMEET
¥ TPUBMAIbHOE Ha3BaHMUE «TpommiauaeH». OH CYILIECTBYeT
B TPEMMYIIECTBEHHOW KOH(oOpMamu Joaka ¢ OapbepoM
WHBEPCUU OKOJIO 6 KKaji/MOJb. (puc. 8.38). 3amecTuteu B 1mo-
JIOXXeHUU 7 3aHUMAIOT TPEUMYIIECTBEHHO TICEBI0IKBATOPH-
ajbHOE TI0JIoKeHWe. B paBHOBECMM C HMMU COCYIIECTBYIOT
TaKXe HOpKapaodueHvl — VX «BANEHMHble U30MepPbl», BOZHUKAIO-
mue 3a cueT 3aMblkaHUs cBsI3u C,— Cg4, U TMOJOXEHUE ITUX
paBHOBeCHIt oTpenessieTcss mpuponoit 3amecturens R. Oty uH-
TEPECHYI0 TIEPEeTPYNITUPOBKY, OTHOCSIIYIOCS K TUITY 94eKmpo-
YUKAUHeCKUX peakyuil, Mbl TIOIPOOHO PaccCMOTpUM, Korja Oy-
JIeM U3y4daTh XMMUIO TTOJIMeHOB U TipaBuiia ByaBopna — Xogd-
MaHa.

Huknooktan CgH¢ cunTaercss OMHMM U3 CaMbIX CJIOX-
HBIX IIUKJIOAJIKAHOB TI0 CBOEMY KOH(MOPMAIIMOHHOMY COCTaBY.
Ha TIITID st1oii MoseKkyJbl MPUCYTCTBYET HE MeHee NecsATKa
MWHHUMYMOB, COOTBETCTBYIOIIMX pPa3IUYHBIM KOHMOpMepam
(puc. 8.39). Haubosnee crabuibHast KoHbOpMaIlus [IMKIOOKTa-
Ha CgH 4 — «kpecno-a00xa» (a), HO U B HEll CYILIECTBYIOT 3aMeT-



LIMKIIOOKTaH KpeCJi0 jJoaKa KpecyJ0 KpecCio JIoaKa JioaKa

Puc. 8.39. KoHdopMarmu nuKIOOKTaHa

HbIe HaMpsDKEHUST M3-3a TOTO, YTO COJIMDKEHHBIE aKCUalbHbIE
aTombl Bogopona rmpu C; u C; HaXomsITCsI B 3aCJIOHEHHOM T10JIO-
KeHUH.

OHU 0COOEGHHO XOpOIIO BUAHBI HAa MOIEISIX, ITOKa3aH-
HbIX Ha puc. 8.40. Takue mpaHnc-anuysapHsle B3aUMOACUCTBUS
WUTPaOT BaxKHYIO POJIb B XMMUU CPEIHMX LIMKJIOB U MaKpOIM-
KJIOB.

Bpewmst nexkuun uctekio. B Heli MHe ynanoch MO3HAKOMUTH
Bac JIMIIb C OCHOBaMU KOH(MOPMAIIMOHHOTO aHaim3a. MHorue
ACIIeKTHI 3TOI 00JIaCTH Jaxke He ObLIM YIIOMSHYTHL. S HrdJero He

-7
e

Puc. 8.40. CrepxxHeBast mozenb 1 moaenb Ctioapta — bpurieda koHbopmalmm
KpecJI0-JI0/IKa LIMKJIOOKTaHa (BUI CBEPXY)
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cKazaJl BaM O CTePCOXUMUM OMIMKINICCKUX U TTOTULINKINYC-
CKMX CHCTEM. 3a paMKaMM HAlIero pacCMOTPEHMUS] OCTAIUCh
SKCIIepUMeHTabHbIe METOABI (ra3oBasi dJeKTpoHOorpadus, MU-
KPOBOJIHOBasl CHEKTPOCKOMUs, crekTtpockonus SAMP u ap.),
C TIOMOIIBIO KOTOPBIX pellaloTcss KOH(MOPMaIlMOHHbIE 3adauM.
Haxkoner, u 310, moxaiyi, camoe IJIaBHOE, ITOKa s HUYero He
pacckaszal BaM O TOM, B KaKO#l CTEIeHW KOH(MOPMAIIMOHHBIC
pPaBHOBECHSI OTIPEIEISIIOT PEAKIIMOHHYIO CITOCOOHOCTh MOJIEKYJI.
Ho s Hameroch BOCTIOIHUTD 3TU MPOOEJIBbl B TOCIETYIOIIUX JIEK-
LISTX.
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9.1. BeeaeHue

B mipenpIaymmx JIEKIUSIX MbI TTO3HAKOMUJINCH ¢ OOJTBITAM YHC-
JIOM pa3IMYHbIX XMMUYECKUX peakiuit. Ternepb HaM HEOOXOIM-
MO CHCTEMAaTU3UPOBATh 3TU 3HAHMSI, IIPOBECTU KiIacCU(PUKAIIIIO
OPTaHMYECKNX PeaKIIMil 1 TOIBITAThCS BBISIBUTH OOIIINE 3aKOHO-
MEPHOCTH, KOTOPBIE OTPEIC/ISTIOT BO3MOXHOCTD UX ITPOTEKAHUS,
MX HaIlpaBJIeHUS U CKOPOCTU. DTO Ba’KHO HE TOJIbKO ¢ 00pa3oBa-
TeTbHON TOYKM 3peHus. COBpeMEHHOMY XMMUKY ITPUXOIUTCS
pelIaTh 3agadn OIBYX OCHOBHBIX THIOB. [lepBast, ¢ KOTOpPOIf MBI
BCTPEYAINCh YK€ HEOMHOKPATHO, — IIeJIEHANIpaBJIeHHOe Co3a-
HUE HOBBIX BEILIECTB U MaTepUaJIOB C 3apaHee 3aJaHHbIMU CBOM-
CTBaMM C MUHUMAJIBHBIMU 3aTpaTaMy MaTepHabHBIX CPEICTB,
SHEPTUM, BPEeMEHU M ¢ HAUMEHBIINM KOJIMYECTBOM ITOOOYHBIX
nponykroB. Ho He MeHee BakHa 1 ApyTast — pa3paboTKa HOBBIX
XUMUYECKUX MPOLECCOB, KOTOPhIE 00eCIIeunBaloT 3(P(PEeKTUBHOE
pellieHue nepBoii 3agaun. M B pellieHuu BTOPOM 3a1a4m XUMUKU
BCE 4Yallle HMCITOJIb3YIOT KOMIThIOTEPBL. A IJIT 3TOTO CBEACHUS
0 XMMHUYECKUX peaKINSIX IOJDKHBI OBITh IepeBedeHBI Ha (op-
MaJIbHO-JIOTUYECKUN SI3BIK, JOCTYIIHBIA KOMITBIOTEDY.

9.2. Knaccndpumkauma opraHMyeckux peakLmii

KriaccuduimpoBaTh opraHMYEeCKHE pPEeaKIUA MOXKHO ITO pa3-
HBIM Npu3HakaM. HaubGonee mpocToii moaxoa — paccMaTpuBaTh
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Q)
WX C TOUKU 3pEHUST TOTO, KaK1e U CKOJIBKO CBsI3ei pa3phIBaeTCs
1 o0pasyeTcsl B X0/ie XUMHUYecKoro mpoiiecca. [1o atomy mpu-
3HAKy MOXHO BBIIEJIUTh YETHIPE OCHOBHBIX KJjlacca: peaxuuu
npucoeduHenusl, peaxuyuu omuienienus (IAUMUHUPOBAHUS), PeaK-
yuu oomena (3ameuienus) i nepeepynnuUposKu. XoTsi CMbBICI 3TUX
TEPMUHOB HaM TMOHSTEH 0e3 0COOBIX Pa3bsICHEHUI, HO TIpUBe-
JIEM BCE K€ HECKOJIBKO IIPUMEPOB.

Peakyuu npucoedunenus. BOT nBa TUIMYHBIX NpUMepa —
MpUCOeIMHEHNE OPOMUCTOTO Bolopoia K ainkeHaM (9.1) u peak-
LIMsI TMEHOBOTO cuHTe3a (peakuust uibca — AJbaepa) MexXIy
IU3(OUPOM MaTOHOBOW KMCJIOTHI U LIMKJIONEHTaaueHoM (9.2).
J1Be MOJIEKYJIbI COSAMHSIIOTCS B OITHY:

H H B
= +H-Br—H—C C—H O
H/ \H
H H
:
CO,R @ H
+ — Rozc/‘\i/H —~ /7 \H
: CO,R
CO,R  |RO,C H COR
IEPEXOIHOE COCTOSTHUE 9.2)

Peaxuuu omwenaenua (daumunuposanus). TUNUUHBIA TpU-
Mep — Oeruapartalusl 3TaHoja IoA NecTBUeM KUCIOTHL (9.3).
Moutekyiia paciieruisieTCs Ha JIBe:

]I] Blr KaTanus H\ /H
H—C—C—H === Cc=C_ + H,0 (9.3)
q’ Sy
H H

Oco0bBIiT 1 OUeHb MHTEPECHBIN KJTACC peaKIIUii OTIIEeTUICHUS
COCTaBIISIIOT peaxuuu hpasmenmanuu, B KOTOPHIX MOJIEKyJIa pac-
LIETJIIeTCS Ha ABa WK Oosbliee 4yuciao pparMeHToB. OgHa u3
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HanboJiee M3yYeHHBIX peaklMii 3TOTO TUIMA — pacliellyieHue
1,2-mMoJIoB TIOA AeicTBHEM TeTpaarerara cBuHIA (9.4):

| | Pb(OAc), /¥ | Y
HO—C—C—O0OH — % HO— C—C—0— Pb(OAc);
|| ©4)

/
— O=C\ + Pb(OAc), + HOAc

Peaxyuu 3amewenus. TUNIMUHBIE IPUMEPBl — PATUKATIBLHOE
XJIOPUPOBAHUE AJIKAHOB, Hampumep MeTaHa (9.5), U 3JeKTpo-
(unbHOe HUTpOBaHKe H6eH3o7a (9.6):

H H

CBET

| |
H—(l:—H +Cl—C1 =% H—(li—Cl +H—Cl (9.5)

H H
NO,
H,S0,
+ HNO; + H,0 (9.6)
Ilepezpynnuposxu. TUNMYHBIN NpUMEp — HM30MEpU3aALUs

mepMuHaIbHo20 ajlkeHa B 0ojiee CTaOWMJIbHBINM MHTEPHATbHBIA
mpanc-u3omMep (9.7) mon Bo3neicTBUEM KMCIOTO KaTaln3aTropa.
K uuciy neperpyniudpoBOK OTHOCHUTCS TakxXe 3amMedaresib-
Hag nieperpynmnupoBka Koyrra (9.8), ¢ BappaHTOM KOTOPOI MBI
yKe BCTpeYaliCh, paCCMaTpPUBasl CTPOEHUE MOJIEKYJIbl OyIbBa-
JIeHa.

CH3CH2 H KaTtanus H3C H
\ KUCJIOTON /
/ \ / \
H H H CH,

oyTeH- 1 OyTeH-2
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H,C H,C

O =

s ~

W\
\
W\

H,C H,C

PazymMeeTcs, Kaxkablii U3 Bac caM MOXET IMPUBECTU 0OJIbLIOE
KOJIMYECTBO APYTUX PeaKIlii, KOTOPBIC, YIOBICTBOPSIS ChopMy-
JINPOBAaHHOMY MPOCTOMY KPUTEPUIO, OYAYT KApAUHAIBHO OTJIN-
4yaTbCsl OT MPUBEAEHHBIX 3[ECh MPUMEPOB 110 MHOTMM MpPU3HAa-
KaM — II0 TUIIaM MCXOOHBIX M1 KOHCYHbIX IIPOAYKTOB, ITI0 YCJIO-
BUAM, B KOTOPbIX OHM ITPOTCKAIOT, 1 ITO MEXaHU3MY.

9.3. MexanusM peakumm

Ilon TepMHHOM Mmexanuszm peaxyuu Mbl TIOHMMaeM IIOCJENOBa-
TEJIbHOCTb BCEX COOBITHIA, KOTOPbIE MPOUCXOASIT HA MOJIEKYJISIP-
HOM YPOBHE B XOJI€ TIPEBPAILECHUI UCXOAHBIX COIUHEHUI B IPO-
NyKTbl peakuuu. [Ipexne Bcero, BCIIOMUHAsI TO, UTO HaM YyXe
MU3BECTHO M3 Kypca OO0lLIei XMMUU, OTMETUM, UTO TaKOe MpeBpa-
ILIEHNUE MOXKET OCYLIECTBIISIThCS B OAHY WJIM HECKOJIBLKO MOCJIEN0-
BaTEJIbHBIX 3JIEMEHTAPHBIX CTAAWNMN, XUMUYECKUX peaKUii, KOTO-
pble He MOTYT OBITh ITPeICTaBICHbI 00Jiee MPOCTHIMU XMMUYECKU-
MM TpeBpallieHusIMU. B ajaeMeHTapHOI CcTaauu, Kak MpaBWUIIO,
pa3pbIBaeTCs UM 00pa3yeTcsl He 0oJiee OMHOM-IBYX CBSA3EH MeX-
Iy aToMaMu. MexaHu3M peakivy JOKeH BKIIIOUaTh NeTalbHOE
OIMCAHUE BCEX MTPOMEXYTOUHBIX CTAIUI U TTPOMEXYTOUYHBIX BE-
ILIECTB, MPUPO/Ibl B3AUMOJICHCTBUS pearupyroiimx 4acTUll, XxapaK-
Tepa pa3pblBa CBI3€U, UBMEHEHUSI SHEPTUM XMMUYECKOM CUCTE-
MbI Ha BCEM TYTH €€ Mepexoaa U3 UCXOAHOTO COCTOSIHUSI B KOHEY-
Hoe. llenb u3yyeHHUs] MexaHU3Ma peaKlMU — BO3MOXKHOCThb
VIOPAaBIIATh XOIOM peakIn, ee HampapleHHneM U 3(PheKTUBHO-
cThlo. B xonme syieMeHTapHOl peaklvu MpeonoseBaeTcsl TOJbKO
OJIVH TTOTeHIMAaIbHbIN 6apbep. CeyeHre MHoroMmepHoii [1I13 cu-
CTeMBI BIOJIb KOOPAMHATHI peaKIIny IToKa3aHo Ha puc. 9.1.

CyluecTBylOT U peakuuu, KoTopble NpoTekatoT 6e3 sHepreTudeckoro Gapbepa.
MpyMepoM MOXET Cry>uTb pekoMBUHaLWsA ABYX paaumKanbHbix Yactuy R + X* — RX,
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TIEPEXOOHOC
COCTOAHUE

/ '
UCXOIHOEC
BELIECCTBO

DHeprusi

MPOIYKTHI
peakiuu

KoopauHara peakumu

Puc. 9.1. TTpouib UBMEHEHUSI SHEPIUU CUCTEMbI B 2JIEMEHTAPHOI CTaauu pe-
AKIMH

KOTOpas MpoTeKaeT >K30TepMMyecku. B 3ToM cnyuvae ans otBoga BblaenstoLeincs
3HEeprumM HeobXOANMO CTONIKHOBEHWE C TPETbEM HacCTULEN UMK CO CTEHKOM peakLMoH-
HOro cocyAa.

B snmeMeHTapHOI cTaguy peakiliy MOTYT y4acTBOBAaTh OIHA,
IIBE WM MAaKCUMYM TPH MOJICKYJIBI. B MOHOMOJIEKYIISIPHOM TTIpO-
mecce M3 MOJIEKYJIbI ICXOMHOTO BelllecTBa 00pa3yeTcsl OOUH WU
HECKOJIBKO TIPOAyKTOB. K 4MCITy TaKMX peaKUuil IMprHAIIeKaT
MHOTHE BHYTPUMOJICKYJIIPHBIC TICPETPYIIIIMPOBKU, C KOTOPBIMHU
MBI YKe BcTpevyannch. HampuMep, B oqHy CTanuio MpoTeKaeT Ime-
perpynnupoBka Koyna (9.8), Ho neperpyrnnupoBka (9.7) K unc-
JIy MOHOMOJIEKYJISIDHBIX peakuuii He oTHocuTcs. CKOpocTh
MOHOMOJIEKYJIIPHOM peaKIX TIPSIMO TTPOITOPIIMOHATIbHA KOH-
LeHTpally NCXOmMHOTO BemecTBa A: V= —d[A]/dt = k,[A]. Kon-
CTaHTa CKOPOCTH k; UMEET pa3MEepPHOCTb ceK .

BumonekyasipHbBIe peaKlIMy — peakIuy, SJIeMEHTAPHBINA aKT
KOTOPBIX OCYIIECTBISICTCS TPU CTOJKHOBEHUU IBYX YaCTHIL
(omMHAKOBBIX WM pa3anyHbiX). K unciay Takux peakuuii mpu-
HaJUIeXXaT yXe 3HaKOMbIe HaM peaklUM HYKJIeO(hWJIbHOTO 3a-
MEILIEHUST TIPY HACBIIIIEHHOM aToMe yrjiepoja, KOTopbie 0003-
HavaroTcsa cUMBOJIOM Sy2. CKOpoCTh OMMOJIEKYJISIPHON peak-
WU OMpenessieTcsl TPOM3BEACHNEM KOHIICHTpAllMii 000X
koMnioHeHTOB V= —d[A]/dt = k,[A][B], a pa3smepHocTh k; —
mousib~! cex—!. TpuMoIeKyISIpHBIE peaKIIMU BCTPEYAIOTCS PEAKO,
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)

ITOCKOJIbKY BEPOSITHOCTh CTOJKHOBEHHUSI Cpa3y TpeX YacTHII
Maja.

BoJIBIIMHCTBO OpraHMYeCKUX PeaklMil BKIIIOYAET IBE WJIU
OosiblIee YKucio cTaauii. PazdepemM TUMMUYHYIO peakL1Io MTPUCO-
equHeHusT OpomucToro Bomopoaa K 3TuieHy (9.1). CedyeHue
mHoromepHoii TITID cucTeMbl BOOJb KOOPAMHATHI pPEAaKLIMU
B 3TOM cJlyyae UMeeT 0osiee CIoXHbIN Bua (puc. 9.2). Ha neppoii
CTaIUM, COMVIACHO OOIUEHPUHITOMY MEXaHU3MY, IPOUCXOMAUT
MPUCOEINHEHNE TIPOTOHA K MOJIEKYJie 3THJIEHa ¢ 00pa3oBaHUEM
MPOMEXYTOUHOM KOPOTKOXMBYIIEH 4acTUIlbl (MHTepMeauaTa).
DTO STWILHBINA KaTHoH. Ha BTOpOil cTamuy STWIBHBINA KaTUOH

H—Br
Br H
H",' ( ‘\\‘H 1 K/ ’ / 2 \ /
c=cC = —~ c—C,
H/ \H H / \ ‘H H \"H
H H
| KapOeHWEBBIil UOH |
IMepexonHoe WMHuTtepmenunar
coctossHue TS1  STUIBHBIN KaTUOH
IMepexonHoe
coctostHue TS1
________ AGyT
‘ AGF
=N
=
&
=
o\
H2C CH2 + HBr
T CH;CH,Br

KoopnuHara peakimu

Puc. 9.2. [pucoenunenre GpOMICTOTO BOIOPOAA K ITUJIEHY MPOTEKAaeT B NBE
rocJjefoBaTebHbIe CTaIUU
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pearupyeT ¢ aHMOHOM Opoma. DHEPrus aKTUBALIMKU 3TOTrO MpPO-
mecca AG% 3HaUMTEIPHO HUXKE, YeM SHEPTUST aKTUBAIIUY MePBOii
aneMeHTapHou ctanun AGY (AG% < AGY). Bropast cragust mpo-
TeKaeT 0YeHb OBICTPO, M CyMMapHasi CKOPOCTb Ipoliecca IoJI-
HOCTBIO OIIpeNeNsieTcsl CKOPOCThIO TEPBOM Oojiee MeEMIEHHOM
cranuu. Ha cxemax, IpeacTaBISIOIIMX MEXaHU3M peakiuu
(ypaBHeHuUe 9.5), KOPOTKOXUBYIIUI UHTEpMEIUAT OOBIYHO 3a-
KJTIOYAIOT B KBaJpaTHbIe CKOOKM.

Ilo onpedeaenuro HIOIIAK unmepmeduamom 6 xumuueckoi
PeaxKuuu A641emcsa KOpomKoyncueyuas wacmuua (amom, uoH, mo-
AeKyaa), Hve 6pemsi HCU3HU 3HAUUMEAbHO OAUHHee, YeM 6PeMsl MO~
Aekyaspuvix Koaebanuii. Humepmeouam o6pazyemcs Henocpeo-
CMBEHHO UAU KOCGEHHBIM NymeM U3 UCXOOHbIX éeuiecme u oatee
peazupyem c 00pazoeanuem HenocpeoCcmeeHHo Uil KOCEeHHbIM Nny-
mem npodyKmoe peaxuuu.

Kputepuii BpeMeHH XU3HU MO3BOJISIET OTIMYUTh UCTUHHBIA
WHTEpMeIUaT OT MEePEXOIHOTO COCTOSTHUS, BPeMsI KU3HU KOTO-
poro, 1o omnpeAesieHUIO, MEHbIIIe WU CPABHUMO CO BPeMEHEM
MoJIeKYIsIpHBIX Konebanuii. Mutepmenuaty Ha I1T1D cucrtembr
COOTBETCTBYET MHUHMMYM, IJIyOMHAa KOTOPOIO [IOJIKHA OBITh
0O0JIblile, YeM DHEPIUs HYJIEBBIX KosebaHUil. BpeMst XKu3HU vH-
TepMenuara OIpenessieTcs YCIOBUSAMU TPOBENCHUST peakllnu,
B IIEPBYIO 04epeb TeMIlepaTypoil. BoJbIIMHCTBO MHTEpMeIa-
TOB 00JIafaeT OYeHb BBICOKOIM PEaKIMOHHON CIIOCOOHOCTHIO,
a MOATOMY MX CTallMOHAPHbIE KOHLEHTPALUU B PeakLMOHHOM
cucrteMe o4eHb Mayibl. TeM He MeHee MX MOXKHO OOHAapyXWUTh
C MOMOIIBIO BBICOKOUYBCTBUTEIBHBIX CIIEKTPAJIbHBIX METOMOB,
a B CIIeLIMAIbHO MOJA00PaHHBIX YCIOBUSX, HAITPUMED MPU HU3-
KHX TeMIIepaTypax, X MHOIIA yaaeTcsl He TOJbKO OOHAPYXKUTh,
HO JaXe BbIAEIUTDb KaK YCTOMYMBLIE COeTUHEHMSI.

B xavyecTBe MHTEpMEINATOB B OPraHUYECKUX PEAKIIUSIX MO-
TYT BBICTYIIaTh YaCTUIIBI C HEUETHBIM YMCIIOM 3JIEKTPOHOB B Ba-
JICHTHOI 000JI0UKe — paauKaJjbl, HeUTpaJlbHbIe YACTUIIBI C CEK-
CTETOM 3JIEKTPOHOB B BaJICHTHOM 000JI0YKE — KapOeHbI U HU-
TPEHBI, IIOJIOXUTEIBHO 3apsKEHHbIE KapOeHMEBbIE MOHBI
(C STWIBHBIM KapOOKAaTHMOHOM MBI TOJIBKO 4YTO BCTPETWJINCH
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D

B peakuuu 9.5), Hecylne OTPULIATEIBHBIN 3apsn (mapy 3JjieK-
TPOHOB) KapOaHWOHBI, KAPOOHMEBBIE MOHBI C TPEXIIEHTPOBBIMU
JIByX2JIEKTPOHHBIMM CBSI3SIMU (MBI paHee BCTpEeYaIlCh C MIOHOM
MetoHuss CHZY), apuHbl, TakMe Kak AETrMApOOEH30JI, U IpyTrue
yactuibl. [1pocreifime npencTaBuTe M MHTEPMEIUATOB TIPe/i-
ctaBiieHbl Ha puc. 9.3. C HUMU U C HEKOTOPBIMU IPYTUMU UH-
TepMearaTaMy Mbl BCTPETUMCS B 3TOM Kypce B JaJIbHeHIIIeM He-
OJTHOKPATHO.

S N 9l

C., C: C C..
A NH / N A H
H \H H H H H \H
a 0 8 2
R—C=0O
AN
N:
0 e

Puc. 9.3. Tumnbl yacTull, BBICTYMAIONINX B KAYECTBE MHTEPMEIUATOB B OpTaHUYe-
CKUX peaklusix: (a) — MEeTWJIbHBIIM paaukai; (6) — MeTuiIeH (IpocTeii-
i KapOeH); (6) — METUJI-KaTUOH; () — MeTWJI-aHUOH; (d) — auui-
HUTpeH; () — nernuapodeH30.

B xone xumMuueckoli peakliMy pa3pblB U 0Opa30BaHUE XUMM-
YECKUX CBSI3€l MOTYT OCYILIECTBISITBCSI PAa3IMYHBIMU CIIOCO-
6amMu.

Tomoaumuueckuil paspoté CBSI3U TIPUBOAUT K pacramy MoJie-
KYJIbl Ha JIBE paluKalbHbIE YACTULIbI, KaXKAash U3 KOTOPBIX HECET
B BAJICHTHOM 0O00JIOYKE OOWH HECTApEeHHBINH 3JEKTPOH. DTOT
MPOIIECC TTPOUCXOAUT Ha TIEPBOM CTAIMK PEaKIINil paIuKaIbHO-
T'O XJIOpPUPOBAHUS U OPOMUPOBAHUS AJIKAHOB (puUc. 9.4), yxe u3-
BECTHOII HaM peaklLMU MeTajerncuu, oTkpbitoil 2K.b.A. dioma.
DTa cmadus uHuyuuposaHus WA cmadus 3apoicoenus uenu (a)
TpeOyeT 3aTpaT BSHEpPruu, paBHOW 3Hepruu cBsa3u Hal-Hal
(Hal = Cl, Br). Bcien 3a 3TuM aToMapHbIil TajgoreH (B HallleM
cllyyae — aToM XJIopa) aTaKyeT MOJIeKyJly ajikaHa (B HalleMm
ciyyae — metaH). Ha aToii cranum (6) obpasyercsi MoyieKkyna
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2
¢ Cl—c1 2. ocr-
A

e i
6 H—C—H +Cl;, = H—C- + H—CI
| e |
H H MPOIOJIKEHUE
IiI Il_I Lenu
¥\
6 H—C'/? Cl—Cl - H—C—C] + CI-—
| ~ |
H H
2 Peakuusi oOpbiBa Lenu
H H
| |
H_C + Cl - H_C_Cl CTOJIKHOBEHUE
H H €O CTEHKOM
Cl
(/\
Cl' + Cl- — CI—Cl H 5
~ | 5
o) T
H—Cl-((-l-\-Cl—H ~ H—C¢—C—H H
H H H H

Puc. 9.4. MexaHn3M LIEMTHOTO PaIUKATBLHOTO XJIOPUPOBAHMS METaHa

XJIOPMCTOTO BOJAOPOAA M BO3HMKAET HOBBIN MHTEPMEAMAT — Me-
TUJIBHBIA paauKaia, KOTOPBI OBICTPO pearnupyer C MOJEKY-
JSIPHBIM XJIODOM, B pe3yJbTaTe 4yero odpasyercsl XJopMmeTaH
¥ BO3HUKAET aTOMAapHBIN XJI0p (CTamMsl 8), KOTOPBIA pearupyet
C HOBOM MOJIEKYJION MeTaHa, MPONoJIkKas Lelb. 3BEHO Lenu —
COBOKYITHOCTb TOCJIEIOBATEIbHBIX PEAKIIUI TTPOTOIKEHUS 11e-
MM, U3 MHOTOKPATHBIX ITOBTOPEHUI KOTOPHIX CKJIAIbIBACTCS
npouecc. Cramuu (6) u (8) — 3TO cmaduu NpPoooaIHCceHUs Uen.
K obpuvisy yenu (e) BenyT peakliuy peKOMOMHAUMU IBYX paau-
KaJIbHBIX YaCTHUIl U CTOJKHOBEHUS JTIOOON M3 HUX CO CTEHKOM
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p€akKIIMOHHOI0 cocyaa. ueHHaH pagukKajJibHad pe€aKludg peaan-
3Y€TCA, €CJIM NPOAOJLKCHUEC LECNM OCYHICCTBIACTCA 6BICTp€e,
yeM 00pbIB. TaKOB MEXaHU3M LIEITHOTO CBOOOIHOPAANKAIBHOTO
raJlouAMPOBAHUSI aJIKAHOB, KOTOPHKII OoJiee AeTaabHO Mbl pa3oe-
peM B OJHOI M3 CIEeNYIOINX JIEKIINiA, MOCBIIIEHHBIX PeaKIIUsIM
aJIKaHOB.

LlenHas peakums sABnAeTcA pasBeTBNIEHHOM, €C/M B Hell CyLLLeCTByeT Takas cTajus,
B KOTOPOW OAVH PaavKan WM aToM reHepupyeT obpa3oBaHMe HECKOJbKMX aTOMOB
1 pazmkanoe. B pesyneTate npy 61aronpuATHLIX YCOBUAX B XOAE peakuuu HapactaeT
KOHLIEHTPALA aKTUBHBIX LIEHTPOB U, COOTBETCTBEHHO, YBENNHYMBAETCA CKOPOCTL peaK-
LmM. DTO 4acTO MPUBOAUT K BOCMTAMEHEHWIO UMW B3PbIBY. 32 OTKPbITUE LIEMHbIX peak-
LMit 1 u3yyeHne nx MexaHmsma Hukonait Hukonaesny CemeHos u Cupun XuHiensyz
6b1 HarpaxaeHbl Hobenesckoi npemueit no xummm B 1956 1.

3apoxIeHue ey B paIuKaJIbHBIX PEaKIMSIX MOXHO TaKxXKe
OCYIIECTBUTh, MCIIONb3ysd B KadyeCTBE MCTOYHUKA DPaauKaJoB
TEPMOJIN3 TMEPOKCUIOB, TaKUX KakK IU(TpeT-OyTHJI)IIEPOKCU
U Tepekuch oeHzouna (puc. 9.5). Kak Bbl moMHUTE (CM. JIeK-
uuio 4), sHeprus csazeit O— O B IepOKCUIAX COCTABIISIET BCETO
okoJyio 140 x/I>k/MoJb, TTOATOMY OHU JIETKO pacrafaloTcs Mpu
JIOCTATOYHO HU3KMX TeMmileparypax. Anudarnueckue a30coeIm-
HEHUS TIPY HarpeBaHUM WM IIPU O0JyYeHUU YIbTPadUroIeTOM
TaKXKe JIETKO pa3jiaraloTcst ¢ BblAEJICHUEM a30Ta U 00pa30BaHU-
eM CBOOOIHBIX pagukaiaoB. Hampumep, 2,2’-a30-0KMc-n300yTH-
pouutpun (AUBH), paznararomuiicss npu 60—100°C, vacrto
HCTIONIB3YeTCS B KaueCTBe MHUIIMATOPA PaavKaIbHOM ITOJTMMe-
pU3aLUN.

[To roMomMTHYECKOMY MEXaHU3MY 4Yepe3 IPOMEXyTOUHOE
0o0pa3oBaHUe PaaMKaJIOB MPOTEKAIOT MHOIME OMOXMMUYECKUE
peakiuu. BoT onrH 13 O4eHb BaXKHbBIX IIPOLIECCOB — OMOCUHTE3
MPOCTOIJIAHAWHOB U3 apaxua0HOBOI KucioThl (puc. 9.6). dep-
MEHT LMKJIOOKCUTeHa3a sIBjsieTcs reMornporernHoM. OH comep-
JKAT B aKTMBHOM ILIEHTpe HUTOXpOoM-450, KOTOpPBIN OTphIBAeT
aTOM BOIOPOA U3 aJUIMJILHOIO MOJ0XEHMS MOJIEKYJIbI apaXumIo-
HOBO# KUCIIOTHI (CTamusl a), TeHepUPYs YIIEPOIHBINA paguKall.
DTOT paguKall IPUCOSIUHSIET MOJIEKYILy KUCI0pOAa, B pe3yJib-
TaTe YeTo paguKaJbHBII IIEHTP BO3HUKAECT B HOBOM IOJIOXKEHNHT
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nu(Tper-0yTui) KHCIIOPOALIEHTPUPOBAHHBINI
TIEPOKCUT panukan

0
R\H/O\O)J\R — 21§\\”£8' —— 2R +2C0,
0

G

(0]
R = Ph, YIJIePOALEHTPUPOBAHHDBII
NepeKknch beH30mIa pagyKal
H;C CH; CH,
N X
"N C§
SN C
H,C CH, AN
N
2,2’-a30-61C-1300yTUPOHUTPIIT YIJIepOALUEHTPUPOBAHHBI
panukan;

Puc. 9.5. I/IHI/IHI/IMDOBaHHC LETIN B paAKaJbHBIX PEAKIIUAX MOXHO OCYIICCTBUTH
peakuusaMU TEPMOJIN3a U (I)OTOJII/IBa IIEPOKCUIOB U A30COEMHEHU

(cramus 6). [1ocne 3aMbIKaHUS TIATUYJICHHOTO 1IMKIIA (CTanusl 6)
M psaa TpaHchopManuii oopasyercs mpocrorianauH E2.
PanukanbHble peakiMy 4acTO WHUIIMUPYIOTCS TIEPEHOCOM
anekTpoHa. [IprumMepom MOXKeT CITyKUTh KJlaccCuuecKasi peakiust
BOCCTAaHOBJIEHUSI KETOHOB IO TByXaTOMHBIX CIIUPTOB (ITMHAKO-
HOB) aMaJIbraMUPOBaHHBIM MarHueMm (9.9), B KOTOpoii B Kaue-
CTBE UHTEPMEIMATOB 00Pa3yIOTCsl aHUOH-PATUKAIIbI Kemuabl:

0 (O (O
P D
H.C~ CH, H.C~ CH, H,C~ CH, MeOH)
: CH,
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~. .. _~ Uwuroxpom P-450
Fe

\ o
KHCJIOPOJIHBII pasnKai
o

YIJIEPOHbIA pajuKal

KUCJIOPOIHBI paaurKal

O' COZ H panuKaIbHOE
| MPUCOCINHEHNE
O-_
H
H "
. «— YIJICPOJIHbIiA pajIMKal

0

— |
—
6

HO (:)H

npocTornanaut E2

Puc. 9.6. buocunre3 npocrornanarHa E2 mporekaer yepes psifi paavKalbHbIX
cTagui
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[Mpu BoccTaHOBNEHUM Ge30dheHOHa HaTpUEM B MHEPTHBIX PaCTBOPUTENAX U UHEPT-
HO1 aTMoCcepe 06pasyeTca CUHUI PacTBOP AUPEHUIKETUNA, YCTONYMBOTO aHUOH-pa-
ZMKana, KOTOPbIA UCMONb3YIOT AJIA OYUCTKM PacTBOpUTENel OT CNeAoB KUCIOpoJa
u Boabl. [InA 3Toro pacTBOpUTENb, KOTOPbIM XPaHAT MOJ, aproHOM B BUAe pacTBopa
ANPEHUNKETUNA, OTFOHAIOT U3 3TOTO PacTBOPa MpU HEOGXOAMMOCTU HEMOCPEACTBEHHO
nepej 1Cnosib3oBaHNeM.

Yepe3 obOpazoBaHMe aHUWOH-PAIMKAIOB, KOTOPbIE MOXHO
JIErKO OOHApyKUTb U HcciaenoBath MetogoMm DIIP, mporekaior
peakidyM IOCTaAMIHOIO BOCCTAHOBIIEHUSI HUTPOCOCAMHEHUI
apoMaTUYECKOTO Psijia.

HexkoTtopble xuMu4ecKre peakliy MPOTEKAIOT Yepes3 CTaAuI0
00pa3oBaHUsI KaTUOH-paarKaaoB. K 4yuciy Takux peakiuii oT-
HOCSITCSI TPOLIECCHl Y-paJojin3a ajJKaHOB, a TaKXe peaknu
AHOJIHOTO OKMCJIEHUSI MHOIMX KJIACCOB OPraHUYECKUX COEIUHE-
Huit. C HUMU MBI TTO3HaKOMUMCcS no3xke. [Tpu obcyxaeHun pe-
aKLWi, TTPOTEKAOIINX 0 TOMOJUTHYECKOMY MEXaHU3My, HaM
MOHAA00STCS 3HAYEHUsI SHEPIUil CBSI3M, KOTOPbIE B X0 TaKUX
peakuuii pa3pbIBalOTCsI. XOTSI 9TU 3HAYEHUS MBI YKe 00CyXaanu
B JIGKIIUU 4, s 31eCh CHOBA MPUBOXY X B HECKOJIBKO IIPYTOi,
6oiee ymooHoit ¢popme (Tadauma 9.1) mj1ss HamoMUHAHUS.

Ta6mna 9.1. DHeprum HEKOTOPbIX XMMUYECKUX CBSI3Eid B OpraHude-
CKUX MOJIEKYJIaX

Ces3b K?l]::l/):'ll::l,b Ces3b x?[};t})::;?];
H—H 436 CH;—OH 380
H—F 570 |CH;— NI, 335
H—CI 432 C,Hs—H 420
H— Br 366 | CoHs—Cl 338
H—1 298 | C,Hs— Br 285
cl—cl 243 [CyHs—1 222
Br— Br 193 |C,H;—OH 380
I—I 151 (CH3),CH—H 401
CH;—H 438 |(CH3),CH—ClI 339
CH;—Cl 351 |(CHj),CH—Br 274
CH;— Br 293 |(CH3);C—H 390
CH;—1 234 |(CH3);C—Cl 330
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Ta6muma 9.1 (okoHyaHME)

DHeprus, OHeprus,
Cas3b T /MO Cas3b T /MO
(CH3);C—Br 263 HC=C—H 552
(CH3)3C—1 209 CH;—CHj 376
H,C=CH—CI 368 (CH3),CH—CHj 351
H,C=CHCH,—H 361 (CH3);C—CHj; 339
H,C=CHCH,—CI 289 H,C=CH—CHj 406
H2C=CH2 611
464
CH;
427
Cl
405
CH,—CHj
332
CH,—H
368
(0]
I 368
CH;C—H
CH,—CI
HO—H 498
293
HO—OH 213
CH3;0—H 437
Br CH3S—H 371
C,HsO0—H 436
337
(0]
322
CH;C—CH;
OH
CH;CH,0—CH 339
469 2 =
NH,—H 449
H—CN 518

Temepoaumuueckuil paspolé cés3u B XUMUYECKOW peaKkIUU
MPUBOIUT K OOPa30BAHUIO APl MPOTUBOIIOIOXHO 3apsKeH-
HBIX YaCTHUIl — KaTWMOHA M aHWoHa. K 4mcity rerepouTuiecKux
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peakinii OTHOCUTCS, HaIIpUMep, PeaKIus IMPUCOSTMHEHUS Ta-
JIOUTOBONOPONIOB K ajKeHaM (ypaBHeHue 9.1, puc. 9.2), a Takxke
MHOTHE JApPYTMe peaklMu, B KOTOPBIE BCTYIMAIOT MOJEKYJIbI
C CWIBHO TIOJIIPHBIMU U JIETKO TOJSIPU3YEMbIMU T€TEPOATOM -
HeIMU cBs3siMu C—X. Bce paccMoTpeHHBIE HAMU B TIPEIBIIY-
el JIKIUU KHCJIOTHO-OCHOBHBIE PABHOBECUSI OTHOCSITCS
MMEHHO K 3TOMY THUITY ITPOLIECCOB.

MpbI yxe 3HaeM, 4TO B COOTBETCTBUM C KOHLenuueu Jipronca
MOJISIPHBIE OPraHUYeCcKHUe MOJIEKYJIbI MOTYT BBICTYNAaTh B Kade-
CTBE 94exkmpoduios i Hykaeohuroe. Bece Hykaeopuabt siBISIIOTCS
ocHoBaHusIMU JIptonca. B ponn Hyki1eo(uaoB BEICTYAIOT aHU-
onnl (Cl7, Br, I, CN~ u ap.) u HelTpaJbHbIe MOJIEKYJIbI C He-
noaeaeHHbIMU 2JiekTpoHHbIMU Tlapamu (NH;, H,O, amunbl,
CITUPTHI, TUOJBI). Daexmpohuibt — 3TO KUCTOTHI JIbIoMca, SJIeK-
TPpOHOACHDULIMTHBIE COeAMHEHUS (KaTHMOHBI, KapOCHNEBBIE MO-
HBI, MOJICKYJIbI, MMEIOIIe HM3KOJIEXKAIyl0 He3aIlloJHEHHYIO
opOUTaJIb BO BHEIIHEN 3JIEKTPOHHOU 00ojouke). B3aumoneii-
CTBUSI MEXIy 3JeKTpoduiaMu M HyKJIeobWIaMU MOTYT OCY-
IIECTBIISITLCS TI0 pa3HBIM MeXaHM3MaM. Hampumep, peakunu
TAJIOMIHBIX AJIKWJIOB ¢ HYKJIeO(JIaMi MOTYT IIPOTEKATh 10 Me-
XaHU3MY MOHOMOJIEKYJISIPHOTO HYKJICOMWIHLHOTO 3aMEIeHMS
Sx1 yepes mpomexyTouHoe oOpa3oBaHME KapOEHUEBBIX WOHOB
(9.10) wiu Mo MexaHU3My OUMOJIEKYISIPHOTO HYKJIEO(PUIBHOTO
3amMerneHus Sy2 (9.11) B 3aBUCUMOCTH OT CTPYKTYPHI cyOcTpaTa,
HyKJIeoduIa, paCTBOPUTENA U APYTUX yciIoBuil. B mepBoM ciry-
yae Ha MEePBOM CTaguM MPOUCXOIUT reTepon3 cBsizu C—X u B
KavyecTBe MHTepMeaIrMaTa BO3HUKaeT KapoeHueBbIi MoH. Ctepeo-
XUMHWYECKHUI Pe3yNbTaT peaklmn — paleMusanys. Bo BTopom
ciaydae pa3pbiB ¢Bsi3u C— X IIPOMCXOOUT CUHXPOHHO ¢ 00pa3o-
BaHueM HOBoI cBs13u C— Nu uepe3 NoisipHOE MEPEeXOaHOe CO-
crosiHue. CTepeoXUMUYECKUl pe3ysibTaT peakliuy — obpaille-
HUe KoHpurypauuu (puc. 9.7).

[ToMuMoO peakumii, MPOTEKAMOIINX IT0 TOMOJIUTUYECCKOMY
¥ TeTePOJUTUICCKOMY MEXaHM3MaM, CYIICCTBYIOT eIle XUMU-
YeCKHUe TMPOLIECChl, B KOTOPBIX CUHXPOHHO pa3pbIBalOTCS U 00-
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CH3 : CH2 : CHZ/ \

3-xJ10p-3-MeTUIrenTaH
S-3HaHTHOMED

. (9.10)
Y
- H3C\ CH,CH,
$H3 - /™ CH,-CH,-CH
- I R— 3° 2" 2
HQ S /) amaciom !
C+ DHaHTUOMEPbI
I:
(le mnpam
e w H3C\ CH,CH,
C- CH, ol
| CH;-CH,-CH, s \
I
CH,
IMnockuit kapOGeHUEeBbIi
VIOH axupaJiIcH
H;C H;C CH;
\ + Br' - CI’ /
‘.?—Cl —_— Br---/C_---Cl — Br—C, 9.11)
H g HH uH
MePexXOnHOe

COCTOSITHUE

Puc. 9.7. Mexanusmbl HykJieopuiabHOro samenieHus Syl n Sy2

pasyloTcsl cpa3y HECKOJIbKO XMMUUYECKUX CBsI3eil. DTO nepuuu-
Kauueckue (cunxponnvie) peaxuyuu. K HIM OTHOCSTCS 21eKmpo-
YuKAuMecKue peaxuyuu — PEAKIUU LUKIU3AIUKM CUCTEMBbI
C NI-3JEKTPOHAMU B cUCTeMY C [(n — 2)m-3JaeKTpoHaMU +
+ 20-snmekTpoHaMu|, a Takke oOpaTHasl peakius — pa3pbiB
nukiia. [IppuMepamMn Takoi peakinu SBIISIIOTCSI PACKPBITAE LINK-
Jna mukinobyreHa (9.12) um 3amMbIkaHME IIMKJIA B TeKcaTpUEHE
(9.13).
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K mepunmukiImyeckuM OTHOCSATCS TaKKE peaKuyuu yuKionpu-
coedunenuss — TIPOLIECCHI MPUCOCIMHEHUS CUCTEMBI MJT-3JIeK-
TPOHOB K CHCTEME AMJT-2JIEKTPOHOB C OOpa3oBaHMEM HOBOIO
nukia. Takue peakuMy Ha3BIBAIOTCS peaKUMsIMU [m + n]-1H-
KJIonpucoeauHeHus1. IX mpoToTumnom sieisieTcs: peakuus JIuiib-
ca — Anbaepa (9.2) ([4 + 2]-uuKonpucoeIuHEHUE).

Tpetuit TUN MEPULIMKINYECKUX peaKUU — cuemamponnvle
nepezpynnupoéku — peakiliiu, B pe3yJbTaTe KOTOPBIX MPOMCXO-
IUAT MUTPALUS TT-CBSI3M, IPUHAIJICKALIEH OTHOM MM HECKOJb-
KAM COIPSCKEHHBIM CHCTeMaM, B HOBOE IIOJIOXKEHWE BHYTPHU
atoit cuctemnbl. Ileperpynnuposka Koyma (9.8) mpeacrasnsieT
coboii npumep [3,3]-curmatponHoro capura. O61ast Teopusi co-
TJIACOBAHHBIX PEAKLIMIA, MO3BOJISIOLIA MPEACKA3aTh UX SHEpre-
TUYECKYI0 OCYIIeCTBUMOCTh, pa3paboraHa jaypeatamu HoOe-
JieBckoii mpemuu Pobeprom Bynsopnom u Poanbiom XohmaHom
(rmpaBunia Bynsopna — Xodmana). C HUMU MBI I€TaJIbHO TTO3HA-
KOMHMMCSI, KOTAa OyIeM n3ydaTh XMMUIO TUEHOB U TTOJINEHOB.

YcTaHoBIeHNE MeXaHN3Ma XUMUIECKOM peaKIInu — MCKITIO-
YUTEJIbHO BaxkHasi M YacTO OYEHb CJIOXKHAas 3agava. 3Hasl ero,
MOXHO TIPOTHO3MPOBaTh, KaK OyIeT IPOTeKaTh IPOIecC MpHU
W3MEHEHUHU CTPYKTYPBI NCXOTHBIX BEIIECTB, PACTBOPUTEIIS U YC-
JIOBHI1, ¥ BEIOMPATh ONTUMAJIBHBIE YCIIOBHS B KaXKIOM KOHKPET-
HoM ciry4ae. [1pu pellieHnr 3Toi 3amau OIMparoTCs Ha JaHHBIS
XUMMYECKOM KMHETHKH, Ha PE3yJIbTAaThl CIIEKTPaIbHBIX MCCIIe-
JIOBaHWIA, KOTOPBIE JAlOT CBEICHMSI O BOSHMKAIOIINX B pEaKIINU
WHTepMearaTax, Ha pe3ylabTaThl U3YYCHUSI CTCPEOXUMUM IIPO-
1ecca M BAMSIHUSI Bapualldii CTPYKTYpbl PEareHTOB W CPEIbl,
a TaKKe Ha pe3ysIbTaThl KBAHTOBOXUMUYECKUX PacuyeToB. 3amMe-

A\

4




9.4. Tepmooduramuka u KuHemuxa

TAM, OTHAKO, YTO OXHO3HAYHO T0Ka3aTh MEXaHW3M peaKIINu
HeJlb3s. MOXHO Ha OCHOBaHWUM 3KCITEPUMEHTAIBHBIX JAaHHBIX
HaIeXKHO OTBEPrHYTh HEKOTOPBIE allbTepHAaTWBEL. Harpumep,
MOXKHO CTPOTO JIOKa3aTh, YTO B TAHHBIX YCIOBUSX B XOIE peak-
M HE TIPOMCXOIUT 00pa30BaHUs PATUKAIBHBIX YACTHUIL WM
KapOeHMeBbIX MOHOB. Ho abrepHaTWBEI Beerga ocrtaiorcs. Ta-
KM 00pa3oM, paccyxmasi 0 MeXaHU3Me XUMUIECKON peakIni,
HaJI0 UMETb B BUILY, YTO BCETa peUb UIET O Hauboee 6eposmHom
Mexanuzme, B paMKaX KOTOPOTO aleKBAaTHO OIIMCHIBAIOTCSI BCE
MU3BECTHBIE HA CETOIHSIIHUI IeHb 9KCITEPUMEHTATbHbIC (haKThI
U pe3yNbTaThl TEOPETUYECKOTo aHamm3a. [losBiieHre HOBBIX
TAHHBIX MOXKET MOTPeOOBaTh M3MEHEHUI MTPUHSITHIX TPEICTaB-
JICHUI, U4TO CJIy4aJioCh B UICTOPUM PAa3BUTHUS XUMHUUECKOU HAYKHU
HEONHOKpaTHO. MBI BepHEMCSI K PACCMOTPEHUIO 3TOI MpobIie-
MBI COBCEM CKOPO, KOorma OyaeM 00CYKIaTh MeXaHU3M PeaKIInii
HyKJIeopuabHoro 3amenieHust Syl. Kiaccuueckast cxema aToit
peakumu (cM. peaknuto (9.10) Ha puc. 9.7), ipu 6oJee aeTaTh-
HOM UCCJICIOBAaHUM OKa3ajlach HEIOJHOM. bblTo rokasaHo, yTo
B KaueCTBEe MHTEPMEAMATOB B TAKMX PEAKLMSIX MOTYT BBICTYIIATh
HE TOJIbKO KapOeHUeBble NOHBI, HO TaKXKe TeCHbIe U pa3lesieH-
HBIC pPacTBOPHUTEIEM MOHHBIC IMapbl. Ho 00 3TOM B meTaisx MBI
TTOTOBOPUM TTO3XKe.

9.4. TepMoanHaMMKa U KUHETUKA

MpbI yXe HEOAHOKPAaTHO MCIOJIb30BAIM TEPMOIMHAMUYECKUE
rapamMeTpbl 1 KUHETUYECKNE JaHHbIE MTPU OOCYXIECHUN TIPUPO-
JIbl XUMUYECKUX SIBJICHUN U MEXaHW3MOB peaklUil B Mpeablay-
IMX JICKIUSX. 3/1eCh JUIIb B TIOPSIIKE HATIOMUHAHUS ellle pas
BEpPHEMCSI K OCHOBHBIM TPE/ICTABICHUSIM.

Koncmauma paenosecusi oopamumoti xumuueckoil peakyuu K
CBsI3aHa C U3MEHEHWEM CBOOOHOW DHEPIUU Mpoliecca, SHTab-
[Keil U SHTpOMUeE cooTHOLIEHUsIMU (9.14):

AG°=—-RTInK

9.14)
AG° = AH° — TAS°
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B TepMommHaAMUKeE IIOCTYIMPYETCS, YTO MPH DOCTUKCHUHU
pPaBHOBECHSI B CIIOKHOM peaKIIMOHHOI CMeCH OHO OBICTPO yCTa-
HaBJIMBAeTCS Ha Kaxkmoil ctamun. Ecimm B crcTeMe BeIecTBo A B
IBYX TIApajUIeJIbHO TIPOTEKAIOIIMX pPeaKUMSIX IIpeBpaliacTcs
B riponykThl C 1 D, TO COOTHOIIIEHNE 3TUX MMPOAYKTOB B PaBHO-
BECHBIX YCJIOBUSIX (mepmoounamu1eckuil KoHmpoas) onpenessieT-
Cs pa3HOCTHIO CBOOOHBIX IHEPTUIA 3TUX ABYX MpolieccoB AAG®.
OmHako MOXHO cO3[aTh TaKWe YCJIOBHUs, KOTIa paBHOBECHE
yCTaHaBIMBAETCS MEUIEHHO, HATIPUMED, TIPOBOIST pEaKIIUIO TTPU
OTHOCHUTEJIbHO HU3KOW Temmeparype. B aTom ciydae mpoiiecc
MPENMYIIIeCTBEHHO TIPOTEKAaeT B CTOPOHY TOTO IMPOIYKTa, CBO-
OomHast SHEePrusl aKTUBAIMK TIpollecca, BEIyIero K KOTOpoMy,
HUXE Jae B TOM CiIydyae, eCJIM 3TOT MPOAYKT MeHee TePMOIH-
HaMUWYeCKU CTaOUJIeH (KuHemu4eckuil KOHmpoavp). DTa CUTyalus
ObL1a pazobpana B gekuuu 8 (cM. puc. 8.21). Ecnu peakiius, Be-
Iyliasi K MeHee TepMOAMHAMUYECKU CTaOWJIbHOMY MPOIYKTY,
obpaTuma, TO, MEHsIsI YCIOBUS peakliuu (MOBbIIIAsT TEMIIepaTy-
py), MOXXHO 3¢ (GEKTUBHO YIIPaBISITh HAllpaBJIeHUEM TIpoliecca.
DTOT IpYMeM B OPraHMYECKON XMMUM UCTIONb3YeTCs] OYEHb I~
poko. HakoHer, erie pa3 HalOMHIO, YTO CyMMapHasi CKOPOCTb
BCEU CJIOXXKHOW peaklUy ONpPENesieTCsl CKOPOCThIO €€ CaMOu
MemaeHHO ctamuu. C 3TUM SIBIEHHWEM MBI YX€ BCTPEYaINCh.
CKOpOCTh IIPUCOCAMHEHUSI OPOMUCTOIO BOIOPOIA K ITUJICHY
(cM. puc. 9.2) ompenensieTcs IepBO cTaguell — CKOPOCTHIO 00-
pazoBaHMSI KapOeHHeBoro moHa. O6pa3oBaHMe KapOEHUEBOTO
WOHA SIBJISIETCS] TUMUTHPYIOIIEH cTtanueit u B peakunu Sy1-3a-
meneHus (ypaBHeHue 9.10 Ha puc. 9.7).

9.5. [loMnHo-peakummn

JoMMHO-peaKIIX YITN KacKaJaHbIe peaKIIni — MOCIeI0BaTEIb-
HOCTHU OBICTPO CJIEAYIOLIMX APYT 3a IPYTOM BHYTPUMOJIEKYIISIP-
HBIX peakliuii, MPOTeKalIInX, KaK MPaBUIo, Yepe3 CepUI0 BbI-
COKOPEaKIIMOHHOCIIOCOOHBIX MHTepMeauaToB. B xome Takmx
MPOLIECCOB IOCIEeN0BaTEebHO 3aMbIKAETCSI HECKOJIbKO CBsI3eit
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CKBaJICH

JIAHOCTEPUH

HO

Puc. 9.8. [{uxinusaiusi cKBajeHa B JIJAHOCTEPUH

(06b1uHO cBs3eit C— C) 6e3 nobaBieHUsT JOTIOJIHUTEIBHBIX pea-
TEHTOB M KaTaJn3aTOPOB IIPU CTPOTOM PETHOXUMHUUECKOM U CTe-
peoxuMmIeckKoM KoHTpoJjie. OO 0mHOI 13 TAKUX 3aMeUYaTeTbHBIX
OMOXMMUYECKUX PeaKIUii — MUKIM3allUi TPUTEPIIeHA CKBaJIe-
Ha B JJaHOCTepuH (puc. 9.8) — s obeIman BaM pacckas3aThb B JIeK-
nuu 2. Ha 3ToM prCyHKe CMHMM U KPAaCHBIM LIBETOM ITOKA3aHBI
IIECTh M3OIIPECHOBBIX OJIOKOB, M3 KOTOPBIX COCTOMUT MOJIEKYsa
CKBaJIcHa, a TaK:Ke pa3MeIIIeHNEe 3TUX 0JJ0OKOB B MOJICKYJIE JTAHO-
CTepHrHa.

CHavaja cKBaJIeH IO IeiCTBUEM (hepMeHTa CKBaJICHIIIOK-
CUIa3bl IIPEBPAIACTCS B SIOKCHUI, KOTOPBIA Hajee Mom IeWi-
CTBMEM IIPYroro (hpepMeHTa OKCHUAOCKBaJICHIAHOCTEPUHIIMKIIA-
3bI IIpeBpaIaeTcs B JaHOCTepUH (puc. 9.9). B aToit toMuHo-pe-
aKklIMM, KOTopas HayMHAeTCsl ¢ MPUCOCAMHEHUS] MPOTOHA IO
HEIIONCJICHHOM 3JEKTPOHHOM Iape KUCJIOpPOHda SIOKCHUIHOIO
LIMKJIa, TPUBOISIIETO K BO3HUKHOBEHMIO KapOOKATMOHHOTO
WHTepMenuaTa, cpa3y 3aMbIKaeTCsl YeThIpe LIMKJIa M CO3daeTCs
BOCEMb CTEPEOreHHBIX IIEHTPOB! «lOMUHO-IIPOLIECCHI TIpel-
CTaBJISIIOT COOOM pa3neieHHbIe BO BpeMEHU TTpeBpalleHs, Ha-
TIOMWHAIOIIKE TTOBEACHNE CTOIKM CTOSIIINX KOCTSIIEK JOMUHO.
TlepBas onpOKHMIBIBaE€T BTOPYIO, Ta, B CBOIO OYepelb, OIMPOKU-
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Puc. 9.9. HpI/I LUKIU3alUM SIIOKCH A CKBAJICHA B IAHOCTEPUH Cpa3y 3aMbIKA€T-
CA YCTBhIPC LIMKIIa
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AbIBACT CJICAYIOIIYIO 1 T. ., TaK YTO B PE3YJIbTATC BCC KOCTALIKN
MMagaT» — TaK 00pa3sHO XapaKTEPU3YET MPOUCXOIALIEE IPO-
deccop JI. Turiie B omHOM U3 JIy4IINX MOHOTPpadUii, TOCBSIIICH-
HbIX p€aKIAM 3TOT'O THUIIA.

Khura Beiwna B pycckom nepesoge: Tutue J1., bpawe I, Fepuke K. JomuHo-

peaKuMn B OpraHM4eckoM cuHTese / mep. c aHrn.; nog ped. J1.W. Benenbkoro. M.,
2010.

CrpeMsch ToipaXxarthb KUBOW TTPUPOE, XUMUKKU pa3padboTa-
JIN OOJIbIIIOE KOJIUYECTBO OYeHb 3((EKTUBHBIX KaCKaIHBIX pe-
aKLWit. DTO HAIIpaBJIeHUE CTAJIO OMHUM M3 OCHOBHBIX M OBICTPO
pPa3BUBAIOIIMXCS B COBPEMEHHOM OpraHM4YecKoMm cuHTese. bie-
CTAIINEe CBIMUTHUPOBAJ U0 MUKIM3AINK CKBajeHa Impodeccop
JI>KOHCOH, UCIOJIb30BaB €€ B CUHTE3€ IPYroro crepouaa — mpo-
recrepoHa (puc. 9.10). B 3ToM cuHTEe3e B KayecTBE 3arOTOBKM
HCTIONIB3yeTCs MOJIMHEIIpeaebHEBIN TpeTnuHbii criupt (1). TTox
JIeicTBUEM TPUPTOPYKCYCHOM KUCIOTHI B AuxjioaTaHe mnpu (0°
OH JIETKO JAeTUAPATUPYETCS C 0Opa3oBaHUEM aJUTMILHOTO Kapoe-
HUEBOTIO MOHA (2), 3apsiA B KOTOPOM NEJOKaJIM30BaH. A 3aTeM
CJIENYIOT OJHA 3a IPYroil peakuuu MPUCOEAUHEHUSI HOBBIX Ka-
TUOHHBIX YaCTHII ITO KPATHBIM CBSI3sIM C 00pa30BHUEM TTOCIIEIO-
BaTeJIbHO TIEPBOro ILIECTUWIEHHOro mukia (3), BTOpPOro Iie-
CTUYJICHHOTO KA (4) 1, HaKOHeIl, IATHYJICHHOTO LINKJIA C 00-
pasoBaHueM KapOeHueBoro wuoHa (5), KOTOpBIi pearupyer
¢ MOJIeKyJIol Bombl. Tak B pe3ybTaTe JOMUHO-PEAKIINK 32 OMHY
MOCJIeOBATEIbHOCTh OBLIO TTOCTPOEHO YeThipe mukia! Jlaib-
HEHIMe MPOCThIe peaKlMy MO3BOJIUIN MOJYIUTh U3 COCAUHEe-
HUs (6) Hy>KHBII CTEPOUI.

MpekpacHan nges n BenukonenHas ee peannsaums! TeM, KTO cepbe3HO MHTepecy-

€TCA OPraHMYeckUM CUHTE30M, PeKOMEHAYIO MocMoTpeTb 3Ty paborty: Johnson W.S,,
Gravestock M.B., McCarry B.E. J. Am. Chem. Soc., 1971, 93, 2994—2996.

B xackamHoO#1 peakiimy B Ka4eCTBE BHICOKOPEAKIIMOHHOCTIO-
COOHBIX MHTEPMEINATOB MOTYT BEICTYIIaTh U CBOOOIHEIC pagui-
Kajabl. OHU CIIOCOOHBI MPUCOCAUHSTHCS MO KPaTHBIM CBSI3SIM,
Ha YeM U OCHOBaHa paavKaibHasl IOJIMMepr3alns aakeHoB. Ho
€CJIM UCIIOJIb30BaTh MOJUEH C HECKOJbKUMU IBOMHBIMU CBSI3SI-
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Puc. 9.10. KackanHblit cuHTe3 nporectepoHa no IxKoHCoHy
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Puc. 9.11. CBoGomHOpaTKaIbHAS TOMIUHO-PEAKIIUS

MU, TO TIPU MTPABUIILHOM BBIOOPE X B3AMMHOTO PACTIONIOXKEHUSI
MOXXHO OCYIIECTBUTb TOMMHO-pPEaKIMI0 paguKaibHOTO THUIIA.
IIpumep Takoit peakium mpuBeaeH Ha puc. 9.11. B xauectBe
WHUIIMATOPAa B HEW MCToJIb3oBaH 2,2’-a30-0MC-U300yTUPOHU-
tpun (AMUBH), o xoTopom $ yxxe roBopui. 4-bpomaonekatpu-
eHn-1,8,11 (7) npu nmeiictBunm Ha Hero AMBH obpasyer panu-
kai (8). Ero araka no aBoitHoit cBsizu Cy— C, TpOoTEKaEeT JIeTKO,
TaK Kak MPU 3TOM 00pa3yeTcsT HeHATIPSDKEHHBIN MATUYJICHHBIA
KII. Bo3HuKaronuii mpu 3ToM HOBBIN panukai (9) cHoBa cImo-
cobeH mukiam3oBaThesa. IIpm 3ToM 0oOpasyercs ellle ONWH TIsI-
TUWJIEHHBIN LUK U Bo3HUKaeT paaukan (10). Cpa3sy xe npouc-
XOIUT CJCIYyIoIIas IUKIN3aLs M BOSHUKAIOIIUI OUeHb aKTHUB-
BBl pagukan (11) oTpeIBaeT aToM BOZOpPOAA OT CIICLIMATBHO
J00aBJIEHHOTO B peaKIIMOHHYIO CMeCh JOHOpa BOIOpOIa, B Ka-
YeCTBE KOTOPOTO MCIIOJB3YeTCS TPUOYTUITepMAHUNATUAPU
(C,4Hy);GeH.

B coBpemeHHOIT 0030pHOIT TUTEpAType B O€3 Tpyna Haiiae-
T€ MHOTO JAPYTUX BHEYATISIOUIUX [TPUMEPOB TOMUHO-PEAKIIUH.
Bort eme oguH MpeKpacHBI MpuUMep — BapHUaHT KPOCC-COode-
taHusi CoHoraimmpa ¢ TOCIeIyIOLIUM KapOOHUJIMPOBAaHUEM
(puc. 9.12).
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Puc. 9.12. JloMuHO-peaKIvsi, THUITMUpyeMasl peakIfeil Kpocc-coueTaHust

9.6. Knuk-xnmusa

Hwkm3anmst cKBajieHa B JIAHOCTEPUH — OJIECTSIIINIA TTIPUMEp TO-
ro, Kak Mpupola <«OJHUM IIeTYKOM» («in one click») co3maeT
C KOJIMYECTBEHHBIM BBIXOIOM B OYEHb MSTKUX YCJIOBMSIX HOBYIO
CJIOKHEHIITYIO0 MOJICKYITy 0e3 BCIKHMX ITOOOYHBIX MMPOAYKTOB. Mc-
TOJIb30BaTh UMEHHO TaKWe PeaKIIUM IIJIsT TIOCTPOCHMS B Tabopa-
TOPUY HOBBIX CJIOXKHBIX CTPYKTYP ITyTeM COeITMHEHMST 00jiee Mel-
KHUX CTPOMTEJbHBIX OJJOKOB — MeuTa BCsIKoro xumuka. Hyxna
B TaKUX peaklMsIX CEromHs orpoMHa. B mepBylo odepenb oHU
TPEOYIOTCST TSI CO3MaHMUST HOBBIX BHICOKO3((MEKTUBHBIX JIeKap-
CTBEHHEIX TIperrapatoB. OO0 3TOM ST pacCKa3bIBaNl B MIPUIIOXKECHUN
1 k ek 1. YToObl cO30aTh, UCTIBITATh U TOBECTHU 0 KJIMHUYE-
CKOTO MCIOJIb30BAHUSI OTHO HOBOE JIEKapCTBO, TPUXOAUTCS CUH-
Te3upoBaTh ThicsiuM (!!!) CTPYKTYp-KaHIMIATOB. A TSI 3TOTO He-
00XOIMMO TIPOBOIWTH MACCOBBIN TapaylIeIbHBINA CHHTE3 0OJIb-
IINX CepUil COENUHEHWI C HampaBJICHHBIM BapbUPOBAaHHEM
CTPYKTYPHI, T. €. CO3[aBaTh 0OJIbIINE «KOMOMHATOPHbIE OMOIMO-
tekn». Jlaypear HobGeneBckoit npemun bappu Illapriiecc (oH
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nosyunst Hobenesckyio nipemuto o xumun 2001 T. «3a pabOThHI
M0 XMPaJIbHbIM KaTaTUTAYECKUM PEAKIIUSIM OKUCICHUS» U pa3-
nenwn ee ¢ YunbsamoMm Hoyncom u Puomku Hoitopu) BeIABUHYI
KOHIICTIIINIO, KOTOpasl TIoaydrmyia Ha3BaHMe «Kiamk-xumms»
(«Click-chemistry»). OH mocraBu cebe 11eJIblo 0TOOpaTh U3 BCe-
TO apceHajla CUHTETUYECKUX METOMIOB CYIIECTBYIOIIME U pa3pa-
OaThIBaTh HOBBIC PEaKIIUM, KOTOPHIC YIOBICTBOPSIIA OBI PSIAY
TpeboBaHuii. Takue «KIUK-peaKiun» TOJKHBI Ob/mb MOOYAbHbL-
MU, AMETb WUPOKYI0 001acmb npuUMeHeHuUs, TIPOTeKaThb ¢ 00pazosa-
Huem eOUHCMBEHH020 NPOOYKMA C 8bICOKUM 8bIX000M O€3 ONACHbBIX
NnOOOUHBIX NPOOYKMOE C 8bICOKOI cmepeocheyuduuHocmsio B gusu-
onoeuveckux ycaosusx. Ilpu aTOM KpaifHe XelaTebHO TakKe,
YTOOBI TIPOIECC MPOTEKAT B MPOCTBIX PEAKIIMOHHBIX YCIOBUSIX
C MCITOJIb30BaHUEM JOCTYITHBIX PeareHTOB 03 paCTBOPUTES WIIU
B 0€3BpEeIHOM pacTBOpUTEJIE (JIydlle BCEro B BOJE) W MO3BOJISLI
BBIICJIUTh YKMCTBIA TPOMYKT O€3 TMIPUMEHEHMST XpoMaTorpadun,
HaImpuMep IIyTeM MPOCTON KPUCTAIUM3ALMKU WIM TEPErOHKU.
DT KpUTEpUU, KOHETHO, SBIISIIOTCS BEChbMa JKECTKUMU U CYOb-
€KTUBHBIMU. BpsizT I MOKHO HAWTH peaKIInio, IJIT KOTOPOil OHN
BBITIOJIHSIIOTCS BCe U B MOJIHOM Mepe. Ho Bce ke 1ienas rpymnmna
TaKWX peaxiuii oblia oTodpaHa:

1) peakumsa Jlunbca — Anbaepa;

2) peakliMyd KapOOHWJIBHBIX COEIMHEHHUI C a30TcomepKa-
UMK HyKJIeoduIamMu (aMMHaMU, TUApa3uHAMU, THIpa-
3UIaMH, TUAPOKCIIAMIHOM);

3) HEKOTOpbIe peakiMU MPUCOSANHEHUS K TBOMHBIM yIjie-
POI-YIJIEPOIHBIM CBSI3SIM, HaTIPUMED, TUTUAPOKCUITUPO-
BaHUE;

4) peakuuy OUMOJSIPHOrO [3+2]-LUKIONPUCOECTNHEHNUS ;

5) peakuMu HampsDKEHHBIX MaJbIX IIMKIJIOB, HaIlpuMep
BMOKCHUIOB ¢ HYKJICO(MIaMH, ITPOTEKAOIINE C PACKPHI-
THEM IIMKJIA.

Wnest HeMemieHHO Oblla TTOIXBaueHa NECATKAMU YYEHBIX.
Bappu laprnneccy n Banepuio @okuny ynanoch pa3dpaboTaTh
HUCKIIIOUUTEIbHO MHTEPECHYIO HOBYIO PeaKIInIo, KOTopasi IMoYTH
WIEaJbHO YIOBJETBOPSIET BCEM KPUTEPUSAM «KIMK-PeaKIum».
DTO peakIns a3uI-aTKMHOBOTO [IUKJIOTIPUCOSTNHECHNS.
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Bappwu LLlapnnecc Banepuit ®okun
(poa. 28.04.1941) (poa. 1971)

DTa peakius OyIeT pacCMaTPUBAThLCS B JICKLIMU 110 aJIKUHAM
(nexumsa 15) B ciaemyiomeM Tome. 31eCh Ke OrpaHUuYyCh JIUIIb
KOpOTKO cripaBKoii. Peakiium ourossgpHoro [3+2]-uukionpu-
COCMMHEHUS TIPEACTABIISIOT cO00i B3anMmomnmeiicTre 1,3-aurio-
JIIPHBIX MOJIEKYJT C «TUTONISIpoUIaMu», IPUBOJISIIEE K TTOTy-
YEHMIO TISITUWICHHBIX TeTepOIMKIOB. BriepBhle Takylo peakiiio
Habmonan B 1960 r. Ponbd Xblo3reH, KOTOPBI U3ydaj B3aUMO-
JIeiicTBUe (PEHUIIIPONAapruaoBOro aupa ¢ 6eH3MIALEeTUICHOM

(9.15):

y
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s i 1,3-nunonspHoe
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B xauecTBe 1,3-muroneit MOTyT BBICTYIIATh pa3HOOOpa3HbBIe
YIJIOBBIC VTN JIMHEWHBIE OUTIONSIPHBIC MOJICKYJIBI (a3UIbI, OKCH-
IIbl HUTPWJIOB, HUTPOHBI, a30KCU-COCTMHEHUsI, OKCUIbI HUTPH-
JIOB ¥ 1Ip.). MHOTIMe U3 HUX 00JIamaroT OYeHb BEICOKOM peaKIIn-
OHHOI CITOCOOHOCTBIO, OHW HECTAOMJIBHBI M X TEHEPUPYIOT in
Sifu HETIOCPEACTBEHHO B peaklLIMOHHOM cpeae. Peakiiust mpote-
KaeT B BeChbMa KeCTKHUX YCIIOBHSIX (BBICOKAs TeMIlepaTypa, U He-
pPEruoceeKTUBHO, a TO3TOMY KPUTEPUSIM BKJIIOUEHUS B CIIMCOK
«KIJIMK-peakLuii» He ynosierBopsieT. @okun u llapriecc npen-
JIOXKWJIA MCIIOJIb30BaTh B HEWl B KaUECTBE KaTajau3aTOPOB COJIU
Menu u pyteHus. [1pu katanuse cosiMu Meau (ypaBHeHue 9.16)
peakiust ycKopsieTcsl npuonusurteabHo B 108 pa3 u mporekaer
C KOJMYECTBEHHBIMM BbixogaMu. OHa CTAaHOBUTCS HEYYBCTBU-
TeabHOUM K pH (4—12), TonepaHTHOI K pa3sTWYHBIM (DYHKIINO-
HaJIbHBIM TPYIIITaM M 00ecIIeunBaeT OecIpelleIeHTHRIM YPOBEHb
CEJICKTUBHOCTH 1 HAIEXKHOCTH B TeX CIyJasix, Korma HeoOXoau-
MO CO3[1aTh KOBAJIEHTHBIE CBSI3U MEXAY Pa3HOOOPa3HBIMU CTPO-
UTEJbHBIMU OnoKamu. IIpomyKT BeImesieTcsl MPOCThIM (hUJTb-
TPOBaHUEM WJIN 3KCTpaKIKeit 6e3 XxpoMarorpaduu.

0,252 monb- %CuSO,4 - 5H,0
5+ 10 monb % ackopbata HATpUsT

H,0/tBuOH (1:1), KoMH. TemI.
6-124ac

R_N3 + = R,

N (9.16)
R NN

R: ankun. CH,OBn
R’ R:Ph, CO,H

Ilepen aToit peakiueil cpady OTKPBLUIMCH IIUPOKUE BOZMOXK-
HOCTHM JUISI pa3HbIX NIpUMeHeHu. OQHO U3 IJIaBHBIX HaIlpaBie-
HU — Moau(UKAaIus IPUPOTHBIX COSTMHECHUI 1 (hapMaIleBTH-
YyecKuX IpernapaToB BBeAeHUEM crielU(UUecKux MeTok ((ayo-
PECLEHTHBIX, TTAPAMAarHUTHBIX U JIP.) — OCOOEHHO BaXXKHO ISt
OMOXMMUU U MeIULMHBI. Takue MeTKU MO3BOJISIOT CAeAUTh 3a
TeM, KaK U TIe JOKAJIU3yeTCs] MEUYeHOe COeNMHEHUEe B OpraHu3-
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Puc. 9.13. [IpousBonHble IMKIOOKTHHA, IPUMEHSIEMbIe B PEaKIIMU HeKaTalu-
TUYECKOTO [3+2]-LUKIONpPUCOEAMHEH NS C a3UIaMK
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Me, ¢ KaKOI CKOPOCTBHIO OHO HAKATUIMBAETCS B PA3IMUHBIX Opra-
Hax M ¢ KaKoii CKOPOCTbIO BBIBOAUTCS M3 opraHusma. Crparerus
BBEIEHUsSI METOK MpocTa. B OMOMOJEKYTy BBOISAT a3UAHYIO
rpymmy. OHa Maja 1o pa3Mepy, He TMoBepraeTcss MeTaboInu3My
¥ He pearupyeT ¢ QYHKIIMOHATBHBIMU TPYIIIaMU OMOMOJIEKYIL.
Hns ee BBenmeHUs pa3pabOTaHO HECKOJIBKO OE30TKA3HBIX METO-
IOB. MeTKy TPHUCOEIMHSIIOT C TOMOIIBIO JIMHKEpa K ajJKUHY,
a 3aTeM MPOBOMSIT a3UA-aJKMHOBOE LIMKJIOMPUCOEAUHEHE B Ka-
TAJIUTUYECKUX yCIoBUsX. OXHAKO MCIOJb30BaHUE B KauyecTBE
KaTaJm3aTopa CoJiei IBYXBaJICHTHOUM MeIM CyXKaeT 00JIacTh UC-
TOJIB30BaHUsS 3TOro BapuaHTa peaknuu. Coiau Meau o0JiagaioT
CHJIBHOI IIMTOTOKCUYHOCTBIO, a TIOATOMY HEIb3sl 0€3 OUUCTKU
OT HUX WCIIOJb30BaTh MEUYEHOe COeNMHEHUE I BBEACHUS
B KJIETOUHYIO KYJIBTYpPY WJIM OPraHU3M JJaOOpaTOPHOTO XUBOT-
HoOro. HekaTaqmTwyecKuii BapMaHT B3TOU <«KIIMK-PEaKIINN»
MPeUIOKMIIA TPYINa aMepUKAaHCKMX XMMUKOB U3 Kaludhopu-
HUIicKOro yHMBepcuTeTa B bepkiim nox pykosoacTtBoMm Kapo-
naiiH beprortm. J171st TOro YT00bI TOBBICUTH PEAKIIMOHHYIO CTI0-
COOHOCTh aJIKMHA B peakiuu [3+2]-uuKjIonpucoeIuHEeHUsl,
aMepHKaHCKHE NCCIIeI0BaTEe TN UCIIOIb30BaIN B KAUeCTBE aIKH-
Ha LUMKJIOOKTHUH. /la, MIMEHHO ero, TOT caMblil IpeaesibHO Ha-
MPSDKEHHBIA CaMblid MAIEHBKUI IO pa3Mepy LMKJIA LIUKI0AJ-
KWH, O CTPOEHUU KOTOPOTO 51 paccKa3bIBasl BaM B JieKiuu 2. Pe-
aKlMsl a3ugoB C 3aMElIeHHBIMU LUKIOOKTUHamu (9.17),
B KOTOpBIC MPUIIUIOCH BBECTU (DYHKIIMOHATBHBIC TPYIIIBI IS
IpUIaHUSI UM TUIPOPUILHOCTU (HECKOJBKO TAKUX CIIELIMATbHO
CUHTE3UPOBAHHBIX COENMHEHMIT MPUBeAeHbI Ha puc. 9.13), po-
TeKaeT OYeHb OBICTPO U KOJIMYECTBEHHO.

3akaHUYMBas KpaTKHil 0030p OPraHMICCKUX PEaKINi, s X0uy
ele pa3 MoMYepKHYTh, YTO, HECMOTPSI Ha OTPOMHOE pa3HO00Opa-
31€ YK€ OTKPBITBIX M NETaJbHO MCCIEIOBAaHHBIX IPOIIECCOB,
€XEeTroHO MOSIBJISIIOTCS BCE HOBbIE M HOBbIE peaKIIuM, MOMOJIHS-
[OIMe apceHajl CUHTETUYECKUX METONOB XMMMKa-OpraHWKa.
B aT0if 06;1acTH Beerma HailmyTCsl MHTEPECHBIC U OYeHb BasKHBIC
3a1a4M JUTSI THITJIMBOTO YMa M UCKYCHBIX PYK.
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