BBEJEHUE

§ 1. CocTosiHMe BellleCTB B IPUPO/IE

B OoJIbIIMHCTBE CITy4aeB Ka)J0€ BEIIECTBO MOKET B 3aBUCUMOCTH OT
BHEIIIHUX YCJIOBUM (TeMIIepaTypbl U JABJICHUS ), HAXOAUTHCS B razo00pas-
HOM, JKUJKOM WJIM TBEPJIOM arperaTHOM COCTOSIHUU. JTU COCTOSIHMS Xa-
PaKTEpU3YIOTCS ONpPEEAEHHBIM PACCTOSHUEM MEXy YaCcTHULIAMH BEIIECT-
Ba, PA3JIMYHBIM HX B3aMMOJIEHCTBHEM, UYTO MPUBOJIUT B PA3IUYHOU CTEIIE-
HU YIOPSAJOYEHHOCTH PACIIOJI0KEHUS YACTHII.

B razax MoJsiekyJibl IOYTH HE CBSI3aHbI CUJIAMU MPUTSKEHUS U IBUXKYTCS
CBOOOAHO, 3aloyiHAs BeCh 00BbeM. B KpucTamnmumueckux TBEPIBIX Telax
aTOMBI UJIM MOHBI. COBEPIIAIOT JIUIIL HEOOJbIITNE KOJIeOaH!s BOIU3U Y3II0B
KpUCTaUIMUECKOW pemeTku. CTpyKTypa TBEPABIX TEI XapaKTEPU3YeTCs
BBICOKON CTEMEHBIO YHMOPSIOYCHHOCTH - NATbHUM IMOPSAKOM B PacHoIo-
KEHUU 4YacTull. TeraoBoe NBUKEHUE YACTHUIl JKUJIKOCTU CKJIAJbIBACTCS U3
COBOKYITHOCTH MAJIbIX KOJIEOAHUI OKOJIO MOJIOKEHHUI paBHOBECHS U Iepe-
MEIIEHUsI CPEAHUX TMOJOKEeHUM dYacTull. JKUIKOCTH XapaKTepHU3yHTCs
OMMKHUM. TOPSAIKOM, T.€. MPABUIBHOCTBHIO B3aUMHOTO PACIIOJIOKECHHUS
OJIM3KUX aTOMOB, OBICTPO HCYE3AIONIEH MO Mepe WX YAAJICHUS JIPYr OT
apyra..

Kpome razoo0pa3Horo, »XKUAKOTO U TBEPIOTO COCTOSHUS BO3MOXKHO CY-
IIECTBOBAHUE BEIIECTBA B BUJIE MIa3Mbl. [11a3Moii Ha3bIBaeTCs MOHU3UPO-
BaHHBIN ra3 ¢ JOCTATOYHO BBICOKON KOHIIEHTPALMEN 3apsKEHHBIX YACTHULI.
B coctaB mia3Mbl BXOAST MOJOKUTEIBHBIE U OTPUIIATENIbHBIC UOHBI, CBO-
00HbIC PJIEKTPOHBI U HEUTPAIbHBIEC YACTHUIIHI (ATOMBI M1 MOJIEKYJIbI) B pa3-
JUYHBIX COCTOSIHUA BO30ykaeHus. [lma3ma oTimnyaercs OT CUCTEMBbI CBO-
OO0HO NBIXKYIIMXCSI 3apSKEHHBIX YaCTHUI[ CBOMCTBOM KBa3HMHEUTPAIbHO-
CTH: MOJIOKUTEJIbHBIE U OTPULIATEIIBLHBIE 3apsiibl COAEPKATCA B IUIa3Me B
OJIMHAKOBBIX KOJMYECTBAX.

B3anMopeiicTBue 3apsKEHHBIX YacTHI] IJIa3Mbl MOCPEICTBOM JaJIbHO-
JCHUCTBYIOIIUX KYJOHOBCKUX CHJI MPUBOJUT K Py Kaue€CTBEHHBIX OCO-
OCHHOCTEH MIa3Mbl, OTJIMYAIOUIUX €€ OT OOBIYHOTO Ta3a U JArOIIMX OCHO-
BaHME CUUTATh €€ 0COOBIM COCTOSIHMEM BellecTBa. K TakumM 0cOOEHHOCTIM
OTHOCUTCS, HAIpUMEp, CHJIbHOE B3aUMOJCHCTBUE IJIa3Mbl C BHEIIHUMU
ANEKTPUYECKUMU Y MArHUTHBIMU TOJISIMU.

[1na3ma MOXKET BO3HUKHYTh B PE3yJbTaTe TEPMUUYECKON MOHU3AIMY ra3a
pu BeICOKOM Temmnepatype (Boime 5000°) v pu 3IEKTPUUECKUX pa3psaax

B ra3ax. B mpupoaHbIX yCIOBUAX HEMOCPEACTBEHHO Y MOBEPXHOCTH 3EMIIH
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I1a3Ma - JIOBOJIbHO PEJIKOE siBJI€HUE (MOJIHUM, CEBEPHBIE CUsIHUSA). B Bepx-
HUX CJI0AX aTMOoc(epshl, B O0JbIIEH CTENEHU MOABEPralOIIUXCs BO3ACUCT-
BUI0O HMOHU3HUPYIONIMX areHTOB, MMOCTOSHHO NMPUCYTCTBYET cIab0 MOHU3U-
poBaHHas IuUla3Ma - MOHocdepa. B KocMHueckOM MpPOCTPaHCTBE IIa3Ma
SBIIIETCS HaumboJiee pacnpoCTpaHEHHBIM COCTOsiHMEM BemiecTBa. ColnHIle,
ropsiuue 3BE3/1bl, TYMAHHOCTU U MEK3BE3IHbIE 00J1aKa, UMEIOIUE BHICOKHE
TEMIEPATYPBI, COCTOAT U3 MOJHOCTHIO HOHU3UPOBAHHOM TUIa3Mbl. B nabo-
PATOPHBIX YCIOBUSX C IIIA3MOM IPUXOAUTCS UMETH JEJ0 B PA3IUYHOIO
poJa razoBbIX pa3psgax U B TOPSAYEM ILIAMEHHU.

§ 2. 'a3000pa3Hoe coCTOsIHME BellecTBA.
["a3 cocToUT U3 OJHO-, ABYX- UM MHOTOATOMHBIX MOJIEKYJI BEILIECTBA.
Mouekyiibl Ta3za JBUKYTCS CBOOOJHO 0 CTOJIKHOBEHHUS C JIPYTUMH MO-
JexyiamMu (WIM CO CTEHKaMHU COCYJa) M MPH OTCYTCTBUU BHEIIHUX IOJIEU
PaBHOMEPHO 3aIlOJIHAIOT BECh NMpEeAOCTaBICHHbIH UM 00beM. CocTosHuE
ra3a Mnpu MajblX IUIOTHOCTAX M CPaBHUTEIBHO BBICOKMX TEMIIEpaTypax
MOET ObITh BhIpakeHa ypaBHeHHEeM MeHieneeBa-Kiamneiipona:

pV =nRIT,

rie p — JaBJieHHE raza, V — 00beM rasa, B KOTOpOM HaXOAUTCS 7 TPaMMO-
JIEeKyJl BeulecTsa, 1 - teMmneparypa, R -.yHUBepcaiabHas ra3oBasi IIOCTOSH-
Hasl.

IIpn moHM>KEHUHM TeMIEepaTypbl U IMOBBILICHUH JABJICHUS YMEHBIIACTCS
CpeaHee pacCTOSTHUE MEXKY MOJIEKYJAaMU U YBEJIIMYMBAKOTCS CUJIbI B3aWM-
HOT'O NPUTSKEHUsT MOJEKyJ. Ilpupona 3Tux cuil, MOJyYHMBIIMX Ha3BaHUE
BaH/IEPBAJIbCOBBIX, paccMaTpuBaercsi B riaBe V. B 0OBIYHBIX yCIIOBHSX
MEKMOJIEKYJIIPHOE B3aUMOJCUCTBHE B Ta3e MO, U NPU PACCMOTPEHUU
XUMHUYECKUX CBOMCTB ra3000pa3HbIX MOJIEKYJ UM MOKHO MPEHEOPEUb.

B rnasax I, II, III u IV paccmarpuBaeTcs nmpupoga U CBOMCTBA XMUMHUYEC-
KON CBSI3W B T'a3000pa3HbIX MOJIEKYJIaX U CTPYKTypa MOJIEKY] B ra3oo0-
Pa3HOM COCTOSIHUU.



I'masal. KOBAJIEHTHASA CBA3b

§ 1. Ilpupoaa KOBaJeHTHOM CBS3H

[{eHTpanbHBIM BOIIPOCOM XHMMHH SIBISIETCS] BOIIPOC O XUMHUYECKOU CBSI3H.

XuMHueckasi CBsi3b — 3TO B3aMMOJICHCTBHE MEXIY aTOMaMH WJIU TPYII-
naMu aTOMOB, KOTOPO€ IMPHUBOJUT K 00pa30BaHUI0 XUMHUYECKOTO COEINHE-
Hua. OOpa3oBaHHEe XMMHYECKOW CBS3M COMPOBOXKIACTCS H3MEHEHUEM
AJIIEKTPOHHOT'O CTPOCHUS B3aUMOJICUCTBYIOIINX YaCTHII.

XyMHUYEcKasi CBSI3b OCYIIECTBIIIETCS 3a CYET HamOoJiee MOABUKHBIX
AJIEKTPOHOB aTOMa — BAJICHTHBIX 3JEKTPOHOB. Pa3inyaioT TpU OCHOBHBIX
(npenenpHBIX) TUIIA XUMUYECKOUN CBS3M: KOBAJEHTHYIO, HOHHYIO U METall-
mudeckyro. OHU OTIMYAIOTCS XapakTEpOM pacHpeiesieHUs BaJIeHTHBIX
AJIEKTPOHOB aTOMOB OKOJIO @TOMHBIX SIIED.

KoBasieHTHas1, HOHHAsi 1 METaJUIMYECKasi CBSI3U OCYIIECTBIISIFOTCS TOIBKO
B ONpEACNEHHBIX Klaccax coeauHeHuil. B momapisitonieM OONBITMHCTBE
CIIy4aeB MEXIAYaTOMHas CBSI3b SIBIISIETCSI CBSI3bIO IIPOMEKYTOUHOI'O THUIIA;
OJIHAKO MbI Ha3bIBa€M €€ MOHHOW WM KOBAJIEHTHOH, T. €. CBS3bIO TOTO TH-
na, KOTOPbI B JAHHOM COEAUHEHUU SIBJIIETCS IOMUHUPYIOUIUM.

[lepBasi Teopust koBajneHTHOU cBsi3u ObLIa co3mana JIproncom(CIHIA) B
1916 roxy. CornacHo 3TOW TEOpUMM KOBAJICHTHas(aTOMHAas) XUMHUYECKast
CBsI3b 00pa3zyeTcs Mpu COJMMKEHUU JIBYX aTOMOB B PE3yJIbTAaTe TOTO, YTO UX
BAJICHTHBIC 3JICKTPOHBI 00pa3yroT mapy. OOIryro s 000uX aTOMOB, JIBH-
KYIYIOCS B T0Jie 000UX SiIEp U CBSI3BIBAIOLIYIO aTOMBI B €AMHOE LIEJIOE.
JIBoliHAst CBSI3b B MOJIEKYJIE OCYIIECTBIISIETCS ABYMSI OOLIMMHU 3JIEKTPOH-
HBIMM NapaMH, TPOMHAS — TPEMS [TapaMu.

Teopus JIpronca moMoria CUCTEMAaTU3UPOBATH OIPOMHBINA 3KCIEPUMEH-
TAIBHBIN MaTEpPHUAJ;, OIMKCATEIIbHAS CTOPOHA €€ COXpPAHWIIA 3HAYECHHUE 10
CUX TIOp, HECMOTPSI Ha TO, YTO OHA OCHOBaHa Ha YUCTO (POPMAJIbHBIX IIPEI-
CTaBJICHUSIX.

[ToMHOCTBIO BBISICHUTH MPUPOJY XUMHUYECKOW CBSI3W MOKHO TOJIBKO Ha
OCHOBE KBaHTOBOMEXAHUYECKHUX MPEJCTABICHUN, B KOTOPHIX HAXOIAUT OT-
pakeHUe BOJIHOBAS IPUPOJIA AIEKTPOHA.

[IpuMeHeHre KBaHTOBOM MEXaHHWKH B XMMHH MPUBEJIO K CO3JAHUIO HO-
BOM HAyKU — KBAHTOBOW XHMHH, KOTOpPasi UCCIAEAYET MPUPOAY MEKATOM-

HOM CBA3M, JAET €€ KOJMYECTBEHHYIO XapaKTEPUCTHKY, BBIACHSET CTpOe-
HHUE MOJIEKYJl M HMX PEaKIMOHHYIO CIOCOOHOCTh. KBaHTOBass XWMHS WHC-
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NOJIB3YET MPEIACTABICHUS W METOJAbl KBAaHTOBOW MexaHUKHU. Kpurepuem
MIPABUJIBHOCTH MOJIYYEHHBIX PE3YJIbTATOB SBJISIOTCS ONBITHBIE IAHHBIE.
Hawano xBaHTOBOW XMMuH ObLIO TOJIOKeHO ['eitiepom u JloHmoHOM
(I'epmanus). Koropsie B 1927 r. pemnnu ypaBuenue llpenunrepa ans mo-
JIEKYJIBl BOJAOPOJA: OCYIIECTBUIIN PACUET IHEPTUU U MEXKIYHAPOIHOIO CO-
CTOSIHUSA IS 3TOUW NPOCTEUILIEU MOJIEKYJIBI B €€ YCTOMYMBOM COCTOSIHUMU.
[Tpu mpubnmkeHuu ABYX aTOMOB BOAOPOJA BO3HHUKAIOT 3JIEKTPOCTATH-
YECKUE CWIbI NMPUTSHKECHUS MEXAY SIPOM OJHOIO aroMa M JJIEKTPOHOM
IPYroro aroMa, a TaKKe B3aUMOJCHUCTBUE MEXIY JABYMs DJIEKTPOHAMHU U
Mexay aByMms sapamu. Pacuér I'eitiepa n JlIongona nokasan, 4To no Mepe
CONMMKEeHHs IByX aTOMOB BOJOPOJA, JEKTPOHBI KOTOPOIO XapaKTepu3y-
IOTCSI OJJMHAKOBBIM 3HAYEHUEM CIMHA (MX HA3bIBAIOT DJIEKTPOHAMHU C Ma-
paJICNIbHBIMU CIIMHAMHM), MEX]Iy aToMaMH MpeoOiadaroT CHUJIbl OTTAIKU-
BaHMsI, PHEPrUsl CHUCTEMbI BO3pacTaeT U 0Opa30BaHUE MOJICKYJbI B 3TOM
cily4ae HEBO3MOXKHO. Eciin ke 3JeKTpOoHbI ABYX aTOMOB BOAOpoJa 00ia-
JAI0T MPOTHUBOIIOJIOKHO HAMPABJICHHBIMUA CIIMHAMU (RJIEKTPOHBI C Mapaj-
JIIbHBIMU CIIMHAMU), TO CHayaia Npu COIMKEHUH aTOMOB IMpPeo0IafatoT
CUJIbI IPUTSKEHUSI, TPOUCXOUT 3HAYUTEIBHOE YMEHBIIEHUE SHEPTUN CHUC-
TE€MbI, @ TP JajJbHEWIIEM COJMKEHUM aTOMOB 3HEpPIUsl CUCTEMBI BHOBb
Bo3pactaert (puc. 1). MUHMMYM Ha NOTEHLIIMAIBHON KPUBOUM COOTBETCTBYET
PACCTOSIHUIO MEXKIY SpaMHd aTOMOB B MOJIEKYJE BOAOPOAA U YMEHBIIIEC-
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Puc.1 ConocraBnenue pacuéra mosiekyiabl Bogopoaa ['eiitinepom u Jlonmo-
HOM C DKCIEPUMCHTAIBHBIMU JAHHBIMU: |-3KCIIEpUMEHTANIbHAA KPU-
Basi; 2-pacuy€THasi KpuBas [JIsl DJICKTPOHOB C aHTUIAPAJUICIIbHBIMU

criuHamu; 3-pacu€THasl KpuBas JJi SJEKTPOHOB C MapauiebHBIMU
CIIMHAMU. 4




HUIO SHEPTrUU TMpU OOpa30BaHMU MOJIEKYJ M3 CBOOOJHBIX aTOMOB, T. €.
SHEPTUHM CBSI3H.

OOpa3oBaHue XMMHYECKOW CBSI3M OOYCIOBJICHO TE€M, YTO AJIEKTPOHBI C
MPOTUBOMOJIOKHBIMUA CIIMHAMU MOTYT HaXOJUTHCS B MPOCTPAHCTBE OKOJIO
oboux siaep. ITO MPUBOAUT K 3HAUMUTEIHHOMY YBEJIWYEHHUIO TJIOTHOCTH
AJIEKTPOHHOTO 00JIaKa B MPOCTPAHCTBE MEXKAY SAPAMHU U K «CTITHUBAHUIO
NOJIOKUTENBbHBIX siAep (puc.2). Takum o00pa3zom, KBAaHTOMEXAHUYECKHE
pacuéthl ['eliTinepa u JlongoHa manm TeopeTuyeckoe 0OOCHOBAHHUE MIPEI-
MOJIOKEHUIO JIbIouca 0 TOM, 4TO XMMHUYECKas CBsA3b 00YCIOBJICHa OOIIeH
ITapOU JIEKTPOHOB.

OO0pa3zoBaHue MOJICKYJIBI BOJOPOJa MOKHO pacCMaTpUBaTh KaK pe3yJib-
TaT MEPEKPhIBAaHUS OAHOSJIECKTPOHHBIX OpOUTaIeil ABYX aTOMOB BOAOPO/Ia
U o0pa3oBaHKME MOJEKYJSIPHOM JIBYXDJICKTPOHHON OpOUTAaIM, OKpYXKaro-
el J1Ba MOJIOKUTENBHO 3apsDKEHHBIX siipa. TOYHO Tak e oOpa3zoBaHue
XUMUYECKON CBA3U MEXKIY JIBYMS JIIOOBIMU aTOMaMU MOKHO NPEACTaBUTh
Kak 00pa30BaHUE MOJICKYJISIPHOM OpOUTANI U3 aTOMHBIX OpOUTasIeH.

OOpa3oBaHue MOJICKYJIIPHON OpOUTAIM HENb3s paccMaTpuBaTh Kak
MPOCTOE HAJIOKEHUE aTOMHBIX OpOUTaje BYX HM30JUPOBAHHBIX aTOMOB.
BeposTHOCTh HaXOXJIEHUSI AJIEKTPOHOB B MOJIEKYJIE MEXKIY siApamMu aTo-

o -r |-'|_-i"- -"'

Puc.2
Pacnpenenenne 311eKTpOHHON INIOTHOCTH IIPY B3aUMOJAEHCTBUU
JIBYX aTOMOB BOJOPO/Ia IIPH Pa3IMYHON B3aMMHOU OPHCHTAIMH
CIIUHOB DJIEKTPOHOB.

MOB CTaHOBUTCS OOJIbILIE CYMMBI BEPOSITHOCTEM HAXOXKACHHS UX B U30JIH-
POBaHHBIX aTOMax JUJIsl TeX e paccrosiHuit ot siapa. ([Ipu oOpazoBanuu
XUMUYECKON CBSA3U NEPEKPBIBAIOLIMECS aTOMHBIE OPOUTAIN KaK Obl BBITS-
TUBAIOTCSI HABCTPEUY NPYT Apyry). Uem Oosibllie MepeKphIBAIOTCS IBE CBSI-
3bIBAIOIIME OPOUTANU, TEM OOJIbIIIE KOHIIEHTPUPYETCS DJIEKTPOHHAS IJIOT-
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HOCTb MEXAY SIpaMH, BCIEACTBUE YEr0 YMEHBIIAECTCS B3AUMHOE OTTAJIKU-
BAHUE AJIEP U BO3PACTAKOT CHIIBI NMPUTSHKEHUS MEXAY DJIEKTPOHAMU WS-
paMH.

Heo6xoaumo noguepkHyTh, 4TO 0Opa30BaHME XMMHYECKOE CBSA3U BCETIa
COTIPOBOXKAAETCS BBIJICJICHUEM YHEPIUU, TaK KakK MpeObIBaHUE JBYX dJICK-
TPOHOB C NPOTHUBOMNOJIOKHBIMU CIIMHAMH B II0JIE JIBYX SJI€p SHEPTEeTUUECKU
0oJjiee BBHITOJTHO, YEM HAXOXICHHE KaKOro 3JEKTPOHA B TOJIE CBOETO /-
pa. KoBaneHTHas cBsi3b UMEET 1IeNbIN psifi ocoOeHHOCTeH. Bo-nepBbix, oHa
XapaKTepU3yeTCsl HACHIIAEMOCThIO: KaXKJIbIii aTOM MO>ET 0Opa30BHIBATh
TOJBKO ONPEAECICHHOE YHUCIIO KOBAJIEHTHBIX CBSI3€M C JPYTMMHM aTOMaMHu.
Bo-BTOpBIX, KOBaJIEHTHAs CBS3b XapaKTEPU3yETCs ONPENCIIEHHBIM HAIPAB-
JIEHUEM B ITPOCTPAHCTBE, B TPETHUX - MOJAPHOCTHIO.

OCHOBHBIMH KOJIMYECTBEHHBIMU XapPaKTEPUCTUKAMHU KOBAJIEHTHBIX CBSI-
3el B MOJIEKYJIax SIBJIIIOTCSl JUIMHBI CBSI3€M (PAcCTOSIHUSI MEXKIY sApaMu
aTOMOB), BAJICHTHBIE YTJbl (YIJIBI MEXAY HANpaBICHUSIMH CBA3EH), NH-
MTOJIbHBIE MOMEHTBI CBSI3€M, XapaKTEPU3YIOLIME UX MOJSIPHOCTh, U aHEPTHH
CBSI3€1, OIPEAEIAIOMINE UX IPOYHOCTb.

B Hacrosimee BpeMsi 3KCIEPUMEHTAIbHBIM IIYTEM YAAE€TCS YCTaHOBHUTH
IPOCTPAHCTBEHHOE IOJIO)KEHHE ATOMHBIX SiIEp B MOJIEKyJeE, ¢ OOJbIION
TOYHOCTBIO ONPEACIUTh PACCTOSAHUSA MEXAY SApaMU, IHUIOJbHBIE MOMEH-
Thl ¥ DHEPTHIO CBs3eil. Bce 3T mapaMeTpbl MOXKHO, B IPUHLUIIE, PACCUU-
TaTb TEOPETUYECKHU, pemas ypaBHeHue [lIpenunrepa. Ho takue Bbrumcie-
HUSI OYEHb CJOXKHBI, JaXe JUIl MOJIEKYJIbl BOAOPOJA, a Il APYTUX MOJe-
KyJ TOYHBIE PEHICHUS HEBO3MOXHBI, U MPUXOJUTCS NPUMEHATH MPUOIIN-
YKEHHbIC METOJbl BEIYMCIEHUA. B HacTosmee BpeMs AJisl pacyeTa napamer-
POB MOJIEKYJI IPUMEHSIOTCS TJIaBHBIM 00pa3oM ABa MPUOIMKEHHBIX METO-
na: Merol BajeHTHBIX cBszel (BC) m MeTon MoONeKyNSpHBIX OpOuTasen
(MO).

B MeTtone BaneHTHBIX CBsI3eM MpeAroyiaraeTcsi, 4To oOpa3oBaHUE MOJIE-
KyJbl MPOUCXOAUT HpHU COIMKEHUH aTOMOB, KOTOPbIE B3aUMOJEHCTBYIOT
IpYT C ApYroM. ATOMBI B MOJIEKYJIE B KAKON-TO CTEIIEHH COXPAHSIOT CBOKO
UHIVMBUAYAIBHOCTb. BalleHTHBIE JJIEKTPOHBI B MOJIEKYJIE OCTAKOTCS Ha
aTOMHBIX opOuTasx. OJHAKO HENb3sl C YBEPEHHOCThIO CKa3aTh, HA KaKOU
U3 JIBYX MEPEKPBIBAIOIINXCS aTOMHBIX OpOMTANE HAXOAUTCS 3JIEKTPOH
JAHHOT'O aTOMa, MOCKOJIBKY 3JIEKTPOHBI HEPA3JINYHMBI.

B Merone MonekysipHbIX opOuTaneil o0pa3oBaHUE MOJIEKYJIbI paccMart-
puBaeTcs Kak COJIMKEHUe Siep aTOMOB (WJIHU siiep BMECTE C BHYTPEHHUMH
ANEKTPOHHBIMU CJIOSIMHU), PAaCCUUTHIBAIOTCS BO3MOXHBIE MOJIEKYJISIPHBIE
OpOuTaNM U Ha HUX Pa3MEIIAIOTCs BAJICHTHBIE AJIEKTPOHBI.

Meton BC Gonee Onu30K K OOBIYHON XMMHYECKOW KapTUHE 0Opa3oBa-
HUSL MOJIEKYJIbl, UIMEET OOJBIIYI0 HArJIAJHOCTh C XUMUYECKON TOUKH 3pe-
Husa. Ucropudecku oH Obul pazpabotaH nepBbiM. C €ro moMomib0 MOKHO
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OOBSICHATh 00pa30BaHUE U CTPYKTYpPYy OOJBIIMHCTBA HEOPTAHUYECKUX MO-
JeKys 1 HOHOB. Ho CBOMCTBa HEKOTOPHIX XMMHYECKHUX YACTHII (HAPUMED,
MOJICKYJIBI KACIOpoAa. HEKOTOPhIX KOMIUIEKCHBIX HOHOB U OPraHUYeCKHX
MOJIEKYJI) TOpa3o Mpolie 00bSICHAIOTCS ¢ Touku 3penust meroga MO. Ilo-
ATOMY B HACTOsIIEee BpeMs HaXOHsAT MpHMEHeHue oba meroma. Hecmotps
HAa VX aHAIATUYECKOE pa3iaudne, OONBIINHCTBO MX BHIBOJIOB COTJIACYIOTCS
MEXITy COOOM.

§ 2. DHeprus cBs3H.

DHeprus CBSI3U - 3TO Ta SHEPrHUsl, KOTOpas BblAENIsAETCS Ipu 00pa3oBa-
HUU CBSI3U MEXKIY JIBYMsI CBOOOJHBIMH aTOMaMH B T'a3000pa3HOM COCTOSI-
HUU. DHEpPrusi CBSI3M XapaKTepU3yeT MPOYHOCTHh CBA3U. OHa 3aBUCHUT OT
CTENEHU TMEpPEKPhIBaHUS AaTOMHBIX OpOWTajed Mpu 00pa30BaHUU CBSI3U:
yeMm OoJbllle NMepEeKpbIBaHUE, TEM IPOUYHEE CBA3b. CTENEHb MEepEeKpPhIBAHUS
opOuTaneii, B CBOIO ouepeib, OMpeaeNsaeTcss ux pazMepamu, Gopmoi u
B3aHUMHOM OpUEHTALEM.

OHeprusi CBsI3U MOKET OBbITh OMNpeleSieHa CIEKTPOCKOMHYECKUM HIIN
TEPMOXUMHUUYECKUM MeTOJ0M. EE€ BhIpaxkaroT OObIYHO B 3JEKTPOHBOJIBTAX
Ha CBSI3b WM OTHOCAT K TpaMMoJIeKyie (T.e. K 6,02*10% cBsi3saM) U BbIpa-
KAIOT B KWIOKAJIOPUSIX WIN KHIOIKOYJISIX.

JI71s1 AByXaTOMHBIX MOJIEKYJI SHEPTHsI CBSI3M BO BEJIMUKMHE PAaBHA aHEPTUU
JIUCCOLMAIIMU MOJIEKYJIbI, T.€. SHEPTUU, HEOOXOAUMOM JIJIsl pa3pbiBa CBSI3H.
JI1s MHOTOATOMHBIX MOJIEKYJ C OJuHaKoBbIM Tumom cBsizeit (H,O, NHj,
CH,, AICl;, CO; u ap.) pa3nuyaroT 2HEPTUI0 pa3pbiBa OAHOM U3 ITHX CBS-
3ei "cpenHiow' TepMOJUHAMUYECKYIO dHEPruto cBs3u. [locienHsisa paBHa
YaCTHOMY OT JEJIEHMS MOJHON aHepruu o0pa3oBaHUsS MOJIEKYJIBI U3 aTo-
MOB (WJIM pacrajia €e Ha aTOMbl) Ha YKCIIO BAJICHTHBIX CBsi3ed. Hampumep,
Opy  JUCCOLMAlMM  MOJEKYJIbl BOABI Ha aTombl pacxoxyercs 220
KKayi/mMonb. B monekyne Bonbl nBe cBsizu O - H paBHOLIEHHBI, TOATOMY
cpeansisa sHeprus cBszu O - H paBHa

220
Eon= - =110 KKaj1/MOJIb.

DHeprusi NociIe0BaTENbHOTO OTPbIBA KaXJA0r0 aroMa BOAOPOJia OTJIU-
YaeTcsl OT CPEAHE PHEPTUU CBS3U: JUIsl OTPhIBA MEPBOr0 aToMa HEOOXOaU-
MO 3aTpaTtuTh 118 KKan/Momb, 17 oTpbiBa BToporo - 102 kkan/mons. [lo-
CIEeAHSS BEIMYMHA XapaKTEPU3yeT MPOUYHOCTh paankana OH.

B monekyne Boabl pa3pblB OJHOM CBSI3M 00yCIIaBIMBAeT ociabieHue
apyrou cBa3u. OQHAKO pa3pbIB CBSI3M MOYKET BbI3BATh U YIPOUYHEHUE JIPY-
IO CBSI3M, TOTZA DHEPI'UsS IOCIJIEI0BATENBHOTO OTPHIBA aTOMOB YBEINYH-
BaeTca. Hanmpumep, mocienoBaTesbHbIM OTPBIB aTOMOB XJIOPA OT MOJIEKY-



el AICI; Tpebyer 3atpathl 91,95 u 119 kkan/monb. Bo3moxkubl u Gosee
CJIOXHBIE ciydau. Tak, mpu JUCCOIMAIIMU MOJIEKYJIBI METaHa Ha aTOMBbI

CHy=C+4H

norjomaercs 394 kkan/monb. Cpennsis aneprus csizu C — H paBna 394/4
= 99 kKaja/MOJb. DHEPTHUsl K€, HE0OX0oaAuMast JIJIs MMOCIEI0BATEILHOTO OT-
pBIBa aTOMOB BoJIopoja, paBHa 102,88,124 u 80 kkan/momnb. Cpeansis
apuMeTHyYecKasi BEJIMYMHA SHEPTUH MOCIEI0BATEIbHOIO OTPhIBA AaTOMOB
COBMNAJAaET co cpenHeit sueprueit ceszu C — H:

Eey = 102+88+124+80 _ 99 KKAL/MOLLE
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HecoBnajenue sHepruy pa3pbiBa JaHHOE CBSI3U U CPEIHEH SHEPTUH CBS3H
00yCJIOBJIGHO TE€M, YTO TPH TOCIEIOBATSIIBHOM Pa3phbIBE CBSA3CH MPOUCXO-
JTUT U3MCHCHHUE 3JICKTPOHHON M SICpPHOM KOH(PUTYpAIlMM YacTHIIBI, B pe-
3yJbTaTE YEro M3MEHSCTCS SHEPTHs B3aUMOJCHCTBUS BXOJAIIUX B €€ CO-
CTaB aTOMOB. DHEPrUsl MOCIEA0BATESILHOTO OTPHIBA ATOMOB M3BECTHA JIJIS
HEMHOTHUX MOJICKYJI. B iuteparype 0ObIYHO JAFOTCS CPETHUE IHEPTUH CBSI-
3eil. DHEprus CBSI3U UMEET MOPSJIOK JIECATKOB, & HHOTJIA U COTCH KHIJIOKa-
nopwutii (Tabi.1).

Tabnuua 1.

Cpennue 3HaueHus dHepruu csizeit npu 25°C (KKaa/Moib)

H O F Cl Br I S N P C Si

H 104
O 110 59

F 135 46 38

Cl 103 50 73 58

Br 88 - 63 52 46

I 71 - 67 50 48 36

S 8 61 71 66 51 - 38

N 93 64 66 48 - - - 75

P 41 55 109 76 65 51 55 50 48

C 99 9 116 79 66 57 62 70 68 72

Si 70 8 129 8 69 51 54 - 55 69 38
Li 58 - - 119 105 79

Na 48 - 130 99 89 72

Mg 47 - 75 63

Ca 39 74 68




DHeprusi XUMUYECKOM CBS3M aTOMOB B MOJIEKYJIaX MEHSIETCS B IITMPOKHX
npenenax. Tak, sHepTrus cBs3u aTOMOB B MoJsiekyax Rb, u Cs, exBa npe-
BhImraet 10 Kkaji/mMoib, a B HanboJiee MPOYHBIX JTBYXaTOMHBIX MOJIEKYJIaxX
N, u CO ona cocrasisgeT 226 M 256 KKaj1/MOJIb COOTBETCTBEHHO.



I'aasall. METOJI BAJIEHTHBIX CBA3EM

§ 1. OcHoBHBIE 10J10kKeHUsA MeToxa BC

Hauano pa3BuTusi MeTO/1a BAJICHTHBIX_CBA3EH (€r0 Ha3bIBAIOT TAKKE Me-
TOJOM OJJIGKTPOHHBIX Tap) Obwio mosioxkeHo ['eitiiepom u JloHTOHOM.
Bonbiioe 3nauenue uist ero pa3Butusi uMmenu padotsl Cneiirepa u [lonun-
ra (CIIA). OcHOBHBIE MOJOKEHUS ITOT0 METO/Aa MOTYT OBITh CHOPMYJIH-
POBaHBI CIAETYIONIUM 00Pa30M.

1. OpauHapHYI0 XUMHYECKYIO CBSI3b 00Pa3yIoT JIBa AJIEKTPOHA C TPOTH-
BOIOJIOKHBIMH CIIMHAMM, TIpUHAIekKame a1syMm atomam. [Ipu oOpazoBa-
HUU CBS3U MPOUCXOJUT MEPEKPhIBAHUE aTOMHBIX OpOMTaliell BaJeHTHBIX
AJIEKTPOHOB. Mexy aToMaMu BO3HUKAET 30HA CO 3HAUYUTEIBHON 3JICK-
TPOHHOW IUIOTHOCTBIO. DTO MPUBOJIUT K YMEHBIICHHUIO MOTCHIIMAIBHON
aHEPTUU CUCTEMBI.

2. CBs3b pacriosnaraeTcsi B TOM HalpaBJICHHH, B KOTOPOM BO3MOKHOCTh
NEePEKPBIBAaHUS aTOMHBIX OPOUTAJICH DJIEKTPOHOB, 0OPa3yIOIINX CBS3b, SIB-
JsIeTCsl HauOOJIbIIIEH.

3. U3 aByX aroMHBIX opbutasneil 6ojiee MPOUYHYIO CBS3b C JIPYTUM aTo-
MaM# 00pa3yeT Ta opOuTallb, KOTOpasi CUIbHEe TEPEKPhIBACTCS ¢ OpOUTa-
JIBI0 BTOPOTO aToMa.

C nmomompio Metosia BC MOXXHO OOBSICHUTH HACHIIIIAEMOCTh KOBAJICHT-
HOM CBsI3M, BaJCHTHBIC BO3MOKHOCTH 3JIEMEHTOB, T€OMETPUUYECKYIO (Op-
My U HEKOTOpBIC APYrUe CBOMCTBA MHOTMX HEOPTaHMYECKUX MOJICKYJ U
TBEPIBIX TEJ C KOBAJICHTHBIMU CBSI3SIMH.

I. HACBIIIAEMOCTH KOBAJIEHTHOM CBS3H1

§ 1. KBanToBOMeExXaHUYeCKasi (CIMHOBASI) T€OPHsi BAJICHTHOCTH

HpI/I COJIMOKEHUH ABYX aTOMOB, HMCHOINX HCCIIAPCHHBIC JJICKTPOHLI C
IIPOTHUBOIIOJIO)KHBIMHA CIIMHAMH, MCXKAY aTOMaMH O6p33y€TCH XUMHUYCCKad
cBs3b. Eciim B aToMe MMeeTCsl HeCKOJIbKO HCCIIAPpCHHBIX 3JICKTPOHOB, TO
9TOT aTOM MOXKCT O6paBOBaTB XUMHNYCCKUC CBA3M C HCCKOJbKHMMMH APYI'H-
MH aTOMaMH, UMCIOIIIMMH TOKC HCCIIAPCHHBIC J3JICKTPOHEI. HOG)TOMy B CO-
OTBCTCTBHUH C TCOpPI@fI FeﬁTﬂepa 151 HOH,Z[OHa BAaJICHTHOCTB JJICMCHTA OII-
PCACIACTCA YUCIIOM HECCIIAPCHHLBIX 3JICKTPOHOB, UMCIOIIMUXCA B €I'0 aTOMC.

ATOMBI BOAOpOoaa M IICIIOYHBLIX MCTAJUIOB COACPKAT OAWH HCCIIApPpCH-
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HBIN QJICKTPOH, OHU OAHOBAJICHTHEI. KI/ICHOpO,Z[ H CCpa, UMCIOIIUC 10 JIBa
HCCIIAPCHHBIX JJICKTPOHA B OCHOBHOM COCTOSAHHMH, IBYXBAJICHTHBI U T. .

(puc.3).
Is 2s 2Ap 3s ,%p o 3}1 -
H||| Lill] Na| |

HelTF Be||t L
B [} A4
C [ si |44
NUHLHLHLH P
o [H[H][HI[H] s ][4
P (][

Ne[H[H[H[4]  ar [42]{41][41][4

Puc.3. Cxemsl pacnpeeneHus 3JIeKTPOHOB BHEITHETO CIIOS
aTOMOB DJIEMEHTOB MaJIbIX TIEPHUOIOB MO OPOUTAIISIM

Ho B psiie ciiy4aeB BaJICHTHOCTH 3JIEMEHTA OKa3bIBACTCS OOJIBbIIE YHCIIA
HECIaPEHHBIX 3JICKTPOHOB B OCHOBHOM COCTOSIHUM aToma. Hampumep, ce-
pa B KHCIIOPOJHBIX COCIUHEHUSIX MPOSBISET BAJCHTHOCTh 4 U 6, a XJIop
MOXXET OBITh HE TOJIBKO OJHOBAJCHTHBIM, HO TpEX-, IISTH- U CCMHUBa-
JICHTHBIM. DTO CBSI3aHO C BO30YKJICHHUEM aTOMOB, T.€. C MIEPEXOAOM DJICK-
TPOHOB B 00JICe BBICOKOE IHEPIeTHUECKOE COCTOsIHUE. Eciu ouH U3 cra-
PEHHBIX JICKTPOHOB B Pe3yJIbTaTe BO30YKICHHS MEPEHACT C IBYXBAJICHT-
HOW OpOWTAJIM Ha BaKaHTHYIO (ITyCTYI0) OPOMTAJb, TO YMCIIO HECTapeH-
HBIX JJICKTPOHOB B aTOME YBEIWYHUTCS Ha JBa U BaJCHTHOCTh aTOMa yBe-
JIMYUTCS Ha JIBS CTUHUIIBL.

Bo30yxieHne 3JIeKTPOHOB M3 DHEPTETHUUYECKOTO COCTOSHHUS C OJIHUM
TJIABHBIM KBAHTOBBIM YHCJIOM 71 B COCTOSIHHE C JPYTMM KBaHTOBBIM YHC-
JaoMm (n+1) TpeOyeT OOMNBINON 3aTpaThl YHEPTHUU, OCOOCHHO JII HU3KUX

3HaueHud n. Hanpumep, B ciyyae aToma reiaus nepexon dJIeKTpoHa ¢ [s-
1



opbutanu Ha 2s-opOutans (Bo3OyxkaeHue /s — 2s ) Tpedyer okojio 456
kkay/T-atoM. [loaTOMy Takue mepexojpl BEChMa MaJOBEPOSTHBI MPU XU-
MUYECKHUX MPOIIeccax.

Bo30y:xieHust u3 s- B p- COCTOSIHME WJIM U3 p- B d-COCTOSIHHE B Ipejie-
JaxX OJHOTO W TOTO K€ DHEPTeTHUYECKOTO YPOBHS (TIPU OJHOW U TOM Ke
3HaYEHUH 71) MPOUCXOMAT CO 3HAUUTEIHHO MEHBIICH 3aTPAaTON SHEPTUU U
UMEIOT MECTO B T€X CITydasx, KOT/la SHEPTUs BO30YKIEHUST OKyHaeTcst 00-
pa3oBaHMEM XUMHUYECKUX cBszeil. Hampumep, mist Bo3OyxaeHus: aroma
oepmus 2s—2p Tpebyercs 62 kkan/r-atoM. B B030y»XaeHHOM aTtome
Oepuiuins Be™* nuMeercs 1Ba HECIAPEHHBIX 3JIEKTPOHA, CJIEI0BATENbHO, OH
MOKET 00pa3oBaTh B XUMHUYECKUX CBS3U, [IPUUEM 3aTpara SHEPruu Ha
BO30yX/IeHHEe aromMa OepusUIMsl MEHbINE, YeM BBIJEICHUE SHEPTUU IpU
oOpazoBanuu cBsizei. [loaToMy Oepusuinii He SIBISIETCS MHEPTHBIM HJie-
MEHTOM KaK TeJIi, a JIETKO 00pa3yeT XMMHUYECKUE COCAMHEHUS, B KOTO-
PBIX OH JBYXBaJICHTEH. DJIEKTPOHBI aTOMa OEpHILIHS, BXOISILIETO B COCTaB
KaKOW-THOO0 MOJIEKYJIbI, HAXO/SATCS B MHBIX SHEPTCTUUYECKUX COCTOSTHHUSX,
4eM B HEBO30Y>K/IEHHOM aToMe.

TodHO Tak ke OOBICHAETCS TO OOCTOSATEIBLCTBO, YTO HamOoJiee Xapak-
TEPHBIM BAJICHTHBIM COCTOSIHUEM OOpa SIBJISICTCS HE OJJHO-, a TPEXBAJICHT-
HOE, YIJIepO/ia HE IBYX-, & YEThIpeXBajIeHTHOE (puc.4).

2p 2p
2s 2s A

dl —

HL B !
UL — i

HopwmanbHbie Bo30yxnéHnbie
COCTOSIHUSA COCTOSIHUS

Puc.4. Cxembl BO30YXKIEHUS aTOMOB OEpHILIHS,
oopa, yriepoaa

B aromax a3ota, kuciaopona u propa Bo30yKJIE€HHE TAKOTO POJIa HEBO3-
MOXHO. PacrapuBanue 3J€KTPOHOB B 3THUX aroMax TpeOyeT OOoJbIIOoN 3a-
TpaThl YHEPTUH, TAK KAK CBSI3aHO C MEPEXOAOM 3JIEKTPOHA CO BTOPOIO Ha
TpPEeTUil dHepreTudeckuii ypoBeHb. [loaTomy wyamie Bcero azoT oOpasyer
TP KOBAJICHTHBIX CBSI3U, KUCIOPOJ — JIBE, (GTOP — OJHY.

DJIEMEHTBI TPETHETO MEPHUOJIa HATPUM, MArHUM, AIFOMUHUA U KPEMHUI
CIIOCOOHBI MPOSIBIIATH TY K€ BAJICHTHOCTb, YTO U UX AHAJIOTU U3 BTOPOTO
nepuosa.
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Cl

i e

Ho BaneHTHBIE BO3MOXKHOCTH (pocopa, cepsl U Xiopa OobIlIe, UYEM CO-
OTBETCTBEHHO a30Ta, KUCIOPoJa, U pTopa. IT0 OOBACHIETCS TEM, YTO, BO-
nepBbIX, B aTomax (ocdopa, cepsl W XJOpa HE 3aMOJIHEHBI MATh 3d-
opOuTaneil; BO-BTOPBIX, pa3HUIIA YHEPTUU 3p- U 4s-opOUTaneil MEHbIIIE,
yeMm 2p- u 3s-opoutaneid. [1oaToMy 351eMEeHTBI TPEThETo Mepruoaa ropasio
Jerye, 4eM BTOPOTO, MEPEXOJAT B BO3OYXKIECHHOE COCTOSHHE C yBEIUYe-
HUEM 4YMCJIA HECHApPEHHBIX AJIEKTPOHOB, T.€. C MNOSBJICHUEM HOBBIX Ba-
JICHTHOCTEH (puc.5)

3 3p 3d 3p 3d

MR A E: =L

/\
—ff—
—-
——
——
——
——

L

i 31 M L LHLH L[

Puc.5. Cxembl BO30ykeHus aToMOB (hocdopa,
Cepbl, XJ0pa

HN3MmeHeHne BaJIECHTHOCTH MPOUCXOJNUT Cpa3y Ha JBE €AUHUIIBI, IPUYEM
JUISl CEpbl XapaKTEpHbI YETHBIE BaJE€HTHOCTH, a 1 (ocdopa u xjaopa —
HCYETHBIC.

To4HO TakuM ke 00pa3z3oM MOXKHO MPEACKa3aTh BO3MOXKHBIE BaJCHTHO-
CTH VISl § U p-DJIIEMEHTOB OOJIBIIINX MEPUOJIO0B, IPUUEM ITH MPEACKAZAHUS
COIJIACYIOTCSI C ONBITHBIMU JaHHBIMU. OHAKO MOMBITKU MPEJACKa3aTh Ba-
JIEHTHOCTHU d-3JIEMEHTOB HE BCEra YCIEIIHBI.
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§ 2. /IoHOpPHO-aKIIeNTOPHbIA MEXaHU3M 00pPa30BaAHUS
KOBAJICHTHOM CBSA3M.

CymiectByeT OOJBIIOE KOJTMYECTBO HEOPTAaHMYECKUX COCTUHEHUH, B
MOJIEKYJIaX WJIM MOHAX KOTOPBIX YHMCIO CBsI3ed OOJIbIIE, YeM IMO3BOJISET
W3JI0’KEHHAS BBIIIE TEOPUS BAJICHTHOCTH.

Ecnu BaneHTHBIA 3JEKTPOHHBIM YpPOBEHb aToMma 3arojiHeH Oojee, yeM
HaIOJIOBMHY, TO B COOTBETCTBUM C MpUHLUNOM [laynu 4yacTh aTOUHBIX Op-
OuTasiell 3aHsATa MapaMH SJEKTPOHOB C AHTHUIIAPAJUICIbHBIMU CIUHAMHU.
OTH 3AEKTPOHHBIE MMAPbl HE TPUHUMAIOT Y4acTHs B 00pa30BaHUU XUMHYE-
CKHUX CBSI3€H, KOTOpbIE BO3HUKAIOT MPHU B3aUMOJCHCTBUU HECHAPEHHBIX
AJIEKTPOHOB, W IOSTOMY HAa3bIBAIOTCA HEMOJCIEHHBIMU AJIEKTPOHHBIMU
napamu.

Ecau BaneHTHbBI ypOBEHb aToMa 3aloJjiHeHa 0oJiee, YeM HaIlOJOBHUHY,
TO JJaXe MPU MAaKCUMaJIbHO BO3MOXXHOM YHUCJIE HECTIAPEHHBIX AJIEKTPOHOB
qacTh opOuTasiel Ha HEM OCTAaETCsl HE3aHATON. OT0 BakKaHTHBIC OpOUTAIN
Ha BakanTHON opOuTanu 3MEKTPOHBI MOTYT MOSBUTCSI IIPU BO30YKIECHUU
aToMa, a TaK)Ke MPU B3aUMOJICHCTBUM €T0 C JPYTUM aTOMOM.

ATOMBI B MOHBI, 00J1aJIaI011I1€ HETIOJAEIEHHBIMU 3JIEKTPOHHBIMU TTapaMH,
MMEIOT TEHJEHIIUIO MCIOJIb30BaTh UX JUISl CBA3U C JIPYTMMHU YAaCTHUIAMU.
OHU HA3bIBAIOTCSA JIOHOPAMU AJIEKTPOHHBIX Map. ATOMBI, Y KOTOPBIX €CTh
BaKaHTHbIE OpOWTAIM Ha BAJCHTHOM ypPOBHE, UMEIOT TCHICHIIMIO 3aIO0Ji-
HATH UX 3a CUET HEMOICIEHHBIX 3JIEKTPOHHBIX Bap JOHOPOB. Takue aToMbl
HA3bIBAIOTCS AKIIENTOPaMU AJIEKTPOHHBIX Map.

KoBasieHTHast CBSI3b MOKET BOSHUKHYTH TP MEPEKPHIBAHUN OPOUTAIIH C
HETIOJICJICHHOM Mapoy (IBYXAJIEKTPOHHON OpOMTaIN) JOHOPA ¢ BaJ€HTHOU
opOutanplo  akmenropa. I[Ipoucxomut Tak Ha3pIBaeMoO€ JOHOPHO-
aKILIEITOPHOE B3aUMOJICHCTBUE: YPHEPTETUUECKU BBITOHBIN MEPEX0/] mapbl
AJICKTPOHOB JIOHOPA Ha YPOBEHBb OOIIMK Kak JJIs IOHOpA, TaK WU JUIA aK-
nenrtopa. OOpasyercs moJsipHasi KOBAJICHTHASI CBS3b C MOJOXKHUTEIbHBIM
3¢ (HEKTUBHBIM 3apsJIOM y JIOHOPA U C OTPULIATEILHBIM Y aKIENTopa.

JloHopamu B OOJIBIIIMHCTBE CITy4aeB SIBJISIIOTCS aTOMBI a30Ta, KUCIOpOa,
¢drTopa, xjopa. AKIIENTOpAaMHU YacTO CJIy»aT aTOMbl d-3JIEMEHTOB, 00Jia-
JAIOIME BAKAHTHBIMU d-OpOUTAISIMU Ha MIPEATNIOCIEIHEM YPOBHE.

AKIIEITOpaMHU MOTYT OBITh M TAaKHE€ aTOMBI Y KOTOPHIX B OCHOBHOM CO-
CTOSTHUU HET BaKaHTHBIX OpOUTasIel Ha BaJICHTHOM yPOBHE, HO OHU MOTYT
MOSIBUTHCA B pe3yJibTare Bo30yxaeHus. Bo3OyxaeHue atoma MOXET BbI-
paxaThCsi HE TOJIbKO B pacHapvBaHUU SJEKTPOHOB C MEPEXOJOM OJIHOTO
U3 HUX Ha COCEIHMI MOTypOBEHb, HO U B CIIAPUBAHUM BJIEKTPOHOB, HAXO-
JSIIAXCA HA Pa3HbIX OPOUTAISIX OAHOTO M TOTO € MOIYypOBHA. 3aTpara
HHEPTUU Ha CIIAPUBAHKE HJIIEKTPOHOB JOHKHA KOMIIEHCHUPOBATHCS TMIPH I1e-
PEKpbIBaHUY MOSBUBILIEHCS BaKAHTHOW OPOUTAIM C OpOUTAIIBIO JOHOPA.

B ornauune ot 0ObIYHOrO. (MM OOMEHHOT0) MeXaHu3Ma 00pa3oBaHUS
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KOBAJICHTHOM CBSI3M 32 CYET MEPEKPBIBAHUS ABYX OJHOAJIEKTPOHHBIX Op-
ouTaneil coeMHSAIONIMXCS aTOMOB, MEXaHU3M 00pa30BaHUs CBSI3U 3a CUET
IBYX3JIEKTPOHHOM OpOMTANIM JOHOpPAa M BaKaHTHOW OpOMTANIM akKUenTopa
HA3bIBAETCSI JOHOPHO-aKIeNTOpHbIM. MHOT/Ia U CBsI3b, OOpPa30BaHHYIO B
pe3yibTaTe TOHOPHO-aKLENTOPHOIO B3aWUMOJECHCTBHSI, HA3bIBAIOT JOHOP-
HO-aKIENTOPHOU (MJIM KOOPAUHATUBHOMN ).

[Ipotiecchl 0Opa3zoBaHus KOBAJIEHTHOM CBA3M MEXKIy aTomMamMu A u B o
OOBIYHOMY W JOHOPHO-AaKIIENTOPHOMY MEXaHHM3MYy MOKHO H300pa3uTh
TaK:

A+ .B=A:B;

A +:B =A:B

JIOHOPHO-aKIENTOPHBIE CBSI3U BO3HUKAIOT OOBIYHO YK€ IOCIE TOTO,
KaK aTOM-JOHOP HCIOJIb30Ball [ 0Opa30BaHUs CBSI3€M CBOM OJHODJICK-
TPOHHBIE OpOUTAIU. DTO OOBSCHSAETCS TEM, UTO MPU 00pa30BaHUs OOIINX
ANIEKTPOHHBIX MAp ANEKTPOOTPUIATEIBHOCTh JOHOPA YMEHBIIAETCS U OH
Jerye OTAAaeT HeMoACICHHYIO apy Ha 00pa3oBaHue €€ OJHOM CBSI3H.

BakaHTHbIE aTOMHbBIE OpOMTaIM a MOJIEKYJE, XapaKTEPHU3YyIOLIUECs
HU3KOM SHEPTrueu, UMEIOT CWIbHYIO TEHICHIMIO 3alOIHAThCA MYyTEM 00-
pa3oBaHUs JTOHOPHO-AKILETITOPHOM CBS3U. DTUM OOBICHSETCS CKIIOHHOCTh
HEKOTOPBIX BEUIECTB K MOJMMEPHU3ALNH MPU MEPEX0/ie U3 Tra3000pa3HOro
B KOHJCHCUPOBAHHOE cOCTOssHME (Ta1aBa V). JIOHOpHO-aKIENTOPHOE B3au-
MOJICMICTBHUE WIPAcT OYECHb OOJIBIIYI0 POJb U HpU OOpPa30BAHUM KOM-
MJIeKCHBIX coenuHenuit (rnaBa VI). OnHako OHO UMEET MECTO U B HEKOTO-
PBIX TIPOCTBIX MOJIEKyJax. Bo3pbMéM Takou npumep. M3BecTHO, 4TO 3HEDP-
I'vsl TUCCOLIMALUM MOJIEKYJbl XJiopa Ha aTombl (58 kkan/monb) Oosblie,
yeM MoJieKyJiel propa (38 kkan/moinb). s 00bsicHeHus: 3Toro (akrta He-
00X0JIMMO BCIIOMHUTH, YTO HA BAJIEHTHOM YpPOBHE aToMa (hTopa ecTh TPH
HEMO/ICJIEHHBIX Mapbl U OJJUH HECHApEeHHbIN 3JIEKTPoH (puc.3). B moineky-
ne F'; Bce BaJIeHTHbIE OpOUTaIH 3al0JHEHBI; BAKAHTHBIX OpOUTasel HeT:

ee o0

e E
Ha BaneHTHOM ypOBHE atoma XJiopa, KpOME TPEX HENMOACHEHHBIX Iap U
OJIHOTO HECMAPEHHOTO JIEKTPOHA, €CTh BaKaHTHbIE 3d-opOutanu (puc.3).
OTO MO3BOJSET NPEANOJIOKNUTh, YTO OJIHA W3 HEMOAENIEHHBIX AJIEKTPOH-
HBIX IIap OJHOr0 aroMa XJIOpa 3a CYET JIOHOPHO-AaKLENTOPHOIO B3aMMO-
NEUCTBUS MEPEXOJIUT B YAaCTHMUHOE OOJajaHue K apyromy aromy. llpu
TOM JIOJKHA BO3HUKHYTH JJIEKTPUYECKAsi aCUMMETPHUS B MOJIEKYJe, HO

3TO SKCIIEPUMEHTAILHO He 0OHapykeHo. CiemoBaTenbHO, JOJIKEH OCy-
HIECTBUTHCA TaKOM K€ Mepexo/ HEMOAENEHHOMN Maphl APyroro aromMa Xjo-
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pa Ha BaKaHTHYIO OpOHTaib MepBOro atroma. Takum oOpa3oMm, Hapsay C
OCHOBHOM CBSI3bI0 BO3HUKAET JIBE JOMOJHUTEIbHBIE CBA3M, 0003HAUYCHHbIE
CTpEJIKAMMU:

Cl & Cl

Kaxaplii aToM XJI0pa sSIBJIICTCS OJTHOBPEMEHHO U JIOHOPOM M aKIIETITOPOM
ANEKTPOHHOM Tapkl (puc.6).

3s 3p 3d

L ]
BEREREENN

3d 3p 3s

Puc.6. Cxema oOpa3oBaHUsI MOJIEKYJIBI XJI0pa

II. HANPABJEHHOCTH KOBAJIEHTHAX CBSI3EN
N I'EOMETPUYECKASA ®OPMA MOJIEKYJL.

§ 1. HanpaBJjieHHOCTh KOBAJIEHTHBIX CBsI3€eH

[IpocTpancTBeHHasi HANIPABIEHHOCTD SIBJSIETCS OJTHOM U3 XapaKTEePHBIX
0COOEHHOCTEHN KOBaJECHTHBIX CBsi3el. HampaBneHnue cBs3u JOIKHO ObITh
TaKUM, 4TOOBI OpOUTAIIN CBA3BIBAIOLIUX JIEKTPOHOB MPU JIAHHOM pac-
CTOSIHUM MEXY SApaMu aTOMOB I€PEKPHIBAJIUCh B MAKCUMAIbHO BO3MOX-
HOU CTEIICHM.

ATOMBI C BaJICHTHBIM S-3JIEKTPOHOM MOTYT 00pa30BbIBaTh OJMHAKOBO
MPOYHBIE CBS3M (S-S CBA3M) B JIIOOOM HAINpPABIICHUH, TAK KaK S-OpOUTAIIN
obnanaroT chepruueckoil CHMMETpHUEH.

Ecnu B 00pazoBaHuy CBSI3M Y4aCTBYIOT p-OpOUTAIN, TO HAMOOJIBIIIEE MX
HNEepEeKpPbhIBAaHUE TIPOUCXOINUT B TOM CIIy4ae, KOI/1a UX OCH PacIiOOKEHbI Ha
oaHOM MuHUH. [103TOMY CBsI3H, 0Opa30BaHHBIE S- U P-AJIEKTPOHAMU (S-p
CBSA3M) WIH JBYMS p-3JIEKTPOHAMU (p-p CBA3M), & TAKXKE CBA3U C YUACTUEM
d -3JIEKTPOHOB SIBJSICTCS OPUCHTUPOBAHHBIMU: UX HANPaBJICHHUE, KaK Mpa-
BUJIO, COBMAJIAET C HANPaBJICHUEM MAaKCUMAJIbHON MPOTSHKEHHOCTH OpOU-
Taneid. CBs3M, HAIPaBJICHUE KOTOPBIX COBMAJAET C HAITPABICHUEM OCEMN

opOuTaiel CBA3BIBAIOIINX JICKTPOHOB MOJYYMIN Ha3BaHUE O- CBA3EH

(puc.7).
[Ipo4yHOCTH -5, S-p U p-p CBA3EU pa3IUYHA.

Tpu p-opbutanu aroMa HarpaBieHbl BAOJIb TPEX MPOCTPAHCTBEHHBIX
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oceil opauHaT (puc.8), MEKTPOHHAS TUIOTHOCTh CKOHLIEHTPUPOBAHA B 3THX
HarpaBieHusAX. PaquanbHble e 4acTu s U p-opOuTaieil OJHOro U TOTO K€
HHEPreTUYECKOro YPOBHS OTJIMYarOTCs Majo. [loatomy p-opOurtanu qaHHo-
ro aToMa MEPEKPBIBAIOTCS C OPOUTAISIMU APYroro aToMa CUJIbHEE, YEM S-
opOuTanb TOrO K€ YPOBHS; S-p CBSI3b U p-p CBSI3b COOTBETCTBEHHO B 1,7
pasa u B 3 pa3a IpoyHee, 4YeM S-S CBS3b.

O-CBs3U MCXKAY OAHOBAJICHTHBIMH aTOMAaMH MOI'YT OBITH PacCIIOI0KCHBI

B IPOCTPAHCTBE B JIF0OOM HampasieHuu. Ho O-cBsi3u NByX-, TpEX- U MHO-
ro- BaJICHTHBIX aTOMOB HalpaBJIEHbI MOJI ONPEIEeIEHHBIMU YIJIAMU IPYT K
IpYry, TaK Kak BaJ€HTHBIE p- U d- OpOUTaNM OmpeneraeHHbIM 00pa3zoM
OpPUEHTUPOBAHBI B POCTPAHCTBE.

Vb1, 00pa3oBaHHbBIE B MOJIEKYJIaX XUMUYECKUX COCAUHEHUN JIMHUSIMU
COCJIMHSAIONIMMHU LEHTPHl ATOMOB B HAMNPABJICHUM JCUCTBYIOIIMX MEX]Y
HUMHU CHJI XMMHYECKOW CBSI3M, Ha3bIBAIOTCS BAJICHTHBIMM yriamu. Ba-
JICHTHBIC YTJIbI B MOJIEKYJIE€ MOTYT OBITh OMpPEAENICHbI SKCIEPUMEHTAIBHO.
Jliis onpeniesieHus! UX 3HAUEHUN HCIIOJIb3YIOT METOBI AJIEKTpOHOrpaduye-
CKOTO M PEHTreHOrpauyecKoro aHajiau3a, a Tak e MU3MEpPEHUsl JUMOJb-
HBIX MOMEHTOB.

Ecnu aTom mMeeT Ba BaJIEHTHBIX 3JIGKTPOHA HA JIBYX p-opOuTaisax (a
OCH TIEPHEHIUKYJIISIPHBI), TO BAJICHTHBIA yTOJI MEXIY CBS3SIMH 3TOTO aTo-
Ma C IByMsl OJIHOBAJICHTHBIMU aTOMaMU JIOJKEH OBITh MPSMbBIM WIIN OJTU3-
KUM K npsimomy (puc.9). Tak, npu oOpazoBanuu moJiekyn H.,S, H,Se, H,Te
MPOUCXOAUT MEPEKPHIBAHUE JIBYX p-OpOUTaJIEH IIEHTPAIILHOT'O aTOMa C
S-OpOUTAISIMH JIBYX aTOMOB BOJIOPO/IA. 7
HccnegoBanusi moKas3bIBalOT, YTO MEPEUHC- i
JICHHBIE MOJIEKYJIBI UIMEIOT YTJIOBYIO CTPYK-
Typy; BJEHTHBI Yroyl paBeH COOTBETCT-
BeHHO 92°, 91° u 89°.

B monekynax PH;, AsH; u SbH; B 06pa-
30BaHUU TPEX XUMHUYECKHX CBS3€H yyacT-
BYIOT 10 TpH p- opbutaiu atoma docdopa,
MBIIIBSKA U CYPbMBI U
s -opOuTtaiy aToMOB BoJopona. Tak Kak

Puc.9
TpH p- Op6I/ITaHH HeHTpaHBHorO .aTOMa Cxema TICPEKPBIBAHUSA aTOMHBIX
PAacCIOJIOKEHBI B IIPOCTPAHCTBE B TPEX B3A-  opGuraneii npu oGpasoBanum
MMHO-IIEPIICHAUKYIAPHBIX HAIIPABICHUSAX, moxexytst HoS

NICPEYUCIICHHBIC MOJICKYJIbI UMEIOT MUpaMHIaibHyl0 Gopmy. B BepmmHe
TPEYTOJIbHOM MUPAMHJIBI PACTIONOXKEH aToM (Gocdopa, MBIIIbSIKA HIIA CYPh-
MBI, & B yIJlaX OCHOBAHHS - aTOMBI BOJI0p0Jia. BajeHTHBIE yIiIbl COOTBETCT-
BeHHO paBHBI 93°, 92° u 91° (puc.10).
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§2 I'uOpuam3anusi BaJeHTHbIX OPOUTAJIEI.

MHorue aToMbl 00pa3yrOT XUMUYECKHUE CBSI-
34 3a CUET JJIEKTPOHOB, HAXOIALIUXCI N0
oOpa3oBaHUs CBSI3€M B Pa3IMYHBIX JHEpre-
TUYECKUX COCTOsSHMSIX. Hampumep, Bo30ykK-
NEHHBIC aTOMBI OepuiuHs, Oopa W yriaepoja
UMEIOT HECTMapeHHBIE p-3JEKTPOHBI (pucC.4).
Kazanoce OBI, YTO CBSA3M B COEIUHEHMIX
Cxenia Hepei;f;';fﬂm rrommnx | ABYXBAJICHTHOTO Ooepuius, TPEXBAJICHTHO-
opOuTaneit mpu oOpazoBaHUH ro 60pa u I-IGTIaIpéXBaHCHTHOFO yriaepoaa
monexynet PH; JOJDKHBL. OBITH HEPABHOILIEHHBIMH TakK Kak

CBsI3b, B 00pa30BaHUU
KOTOPOH y4acTBYET S-OpOUTAIIb, SIBISETCS MEHEE MPOYHOM, YeEM CBSI3b, 00-
pa3oBaHHas MPHU y4yacThH p-opOutain. OJHaKO CBSI3M B TAKUX MOJIEKYJIaXx,
kak BeCl,, BF;, CHy u T. 1., OKa3bIBalOTCs OJIMHAKOBLIMU TIO JTMHE, PaB-
HOIEHHBIMU IO PHEPTUU U CUMMETPUYHO PACIOJIOKEHHBIMU B MPOCTPaH-

CTBE.

Teopernueckoe o6ocHOBaHME ATOrO (hakTa OBLIO TpeaiokeHo CreilTe-
pom u Ilomuarom. OHU MOKa3aiu, 4TO MPU Pacu€Te M MCTOIKOBAHUU XU-
MHUYECKOHN CBSI3U HECKOJIBKO Pa3IMUHBIX BaJICHTHBIX OpOUTANIe aToMa, HE
OYCHb CHJIBHO Pa3IMYAIOIIUXCS TI0 SHEPTHUH, MOKHO 3aMEHUTh TEM ke KO-
JUYECTBOM OJIMHAKOBBLIX OpOUTaliell, Ha3bIBAEMbIX THOPUIAHBIMH. BoOJHO -
Basg (yHKUUS THUOPUAHOW OpOUTANIU TO-
JydaeTcss MyTEM CJOXKEHHUS BOJHOBBIX
GbyHKIMN paccMaTpUBaeMbIX 3JIEKTPOHOB,
MOMHO>KEHHBIX Ha HEKOTOpbId Ko3(hPu-
1ieHt. [IpuHITO TOBOPHUTH, YTO B BO30Y-
KIAEHHBIX aToMax Oepwuus, Oopa W yr-
Jepoga B MOMEHT oOpa3oBaHHUs CBs3ei
MIPOMCXOJIUT MEPECTPOIika BaJEHTHBIX Op-
outaneil, 1 B 00pa3oBaHUM CBS3EH ydacT-
BYIOT S- U p-OpOHUTAIIN HE B «YHCTOM», a B
HEKOTOPOM CMEIIaHHOM WIJIM THOPHIHOM
cocrossHun. IlepBoHauanbHass Gopma s- u
p-opOuTtaneil u3MeHsieTcsi, U 00pazyercs

Puc.11
T'nOpnanas aToMHas OpOHTAIE opOHUTaIM HOBOW OJMHAKOBOW (HOPMBI

(puc.11) — npoucxoaaT rudpuaN3aIUs
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BAJICHTHBIX OpOUTAIEH.

Ha puc.12 cxematnuecku nokaszana gopMa 1 pacroaoKeHUE YUCTHIX S-
U p-opOuTaniell U ruOpuIHBIX opOuTaneit atoma 6epusums. U3 pucynka
BUJIHO, YTO B3aMMHOE MEPEKPbIBAHKE
opbuTanei B pe3yipTaTe rudpuan3a-
MM CTajJO0 MEHbBIIE U YBEIUYUIACH
BEPOSITHOCTh HAXOXKJIECHHS DJIEKTPO- e 12
HOB Ha IPOTHBOMOJIO)KHBIX OT AApa N3menenne GopMbl aTOMHBIX opOHTameit
aToMa CTOPOHAX, /1€ UX B3aHUMO/JIEH - npu sp-ruGpransanum
CTBHUE JIPYT C IPYTrOM MUHUMAaIbHO. [ MuOpuaHas opOuTaIb CUIHHO BBITSHY-
Ta B OJIHY CTOPOHY OT siapa. DTo o0ycClIaBIuBaeT ropa3fo 0ojiee CUIbHOE
NepeKphIBaHUE THOPUAHBIX OpOUTANICH C OPOUTANIAMU JPYTUX aTOMOB MPHU
00pa30BaHMM XMMHUYECKHX CBSI3€d, YEM IEPEKPbIBAHUE YUCTBIX §- U p-
opOuTanei, 1 MPUBOJIUT K 00pa3oBaHMIO Oojiee MPOUYHBIX CBs3el. ['ubpu-
au3anusi TpedyeT HEKOTOPO# 3aTpaThl YHEPTUH; OJHAKO 3a CUET 00pa3oBa-
HUs 0oJiee MPOYHBIX CBS3EH MPHU yyacTUU THOPUAHBIX OpOUTANIel ToTyda-
€TCSl BBIMTPHIII SHEPIUU, KOTOPBII NPEBBIILIAET 3aTpary €€ Ha THOpUAN3a-
UIO.

B cBs3u ¢ Tem, yTO yuacTue B 00pa3OBaHUU CBs3eH T'MOPUAHBIX OpOU-
Tajedl MPUBOAUT K MOHMKEHUIO 3HEPruu 00pa30BaBUICHCS MOJEKYJbI, B
ruOpUIU3ali MOTYT MPUHUMATh Y4acTUE HE TOJBKO OAHODJIECKTPOHHBIE,
HO U JIBYX?JICKTPOHHBIE OpOUTAJH, T. €. HEMOACIEHHBIEC FJIEKTPOHHBIC I1a-
PBI MOTYT MEPEXOIUTh HA TUOPUIHBIE OPOUTAIIH.

['uOpuauzanusi conpoBOXKIAAETCS 00pa30BAaHUEM MOJIEKYJIbI C BBICOKO-
CUMMETPUYHBIM PACIIPEACIICHUEM JIEKTPOHHOM MIIOTHOCTH.

Heo0xo1uMOoCTh B MCIIOJI30BAHUU TTOHSATHUSL O THOPHUIU3AIMHA BOZHUKA-
€T KaXIblil pa3, Korja HECKOJIbKO CBS3€d 00pa3yrOTCsl JIEKTPOHAMH, KO-
TOpbIE B aTOME€ NPHUHAJIEKAT PA3TUYHBIM MOJYPOBHSIM, HE OUYEHb OTJIH-
YaloUMMCA 10 dHEepPruu. biiM30CTh 3JEKTPOHOB MO YHEPTUU SIBISETCS TEP-
BbIM YCJIOBHEM, HEOOXOAMMBIM JJid rHOpuaAn3auuu opoutaiei. Bropbim
YCJIOBHEM SIBIIIETCS 1OCTATOYHAS IUIOTHOCTh OpOUTaseli; TpEThUM - OCTa-
TOYHOE MEePEeKpbIBaHHE 00pa3yOIIUXCcs TMOpUAHBIX opOuTaneil ¢ opouTa-
JSIMU IPYTUX aTOMOB.

§ 3. 'uOpuauszaums s- u p-opouTaen

['ubpuauzanus oJTHOM S- U OJTHOM p-OpOUTaU HA3BIBAETCS Sp- THOPU-
au3anueit. Ocu sp- TMOpUTHBIX OpOUTAIEH PACIIONOKEHBI Ha OJTHOM JIH-
HUH, IO3TOMY JIBE CBSI3U, OOpa30BaHHBIE aTOMOM 3a CUET Sp- OpOUTaNICH,
TOYKE€ PACTIOJIOKEHBI HA OJHOM JIMHUM — MOJIEKYJIA SIBJIACTCS JINHEMHOU.

Sp- TUOpUIM3ALIKS IPOUCXOIUT pU 00pa30BaHUU CBsI3e aToma Oe-
PWILINS, IMHKA, KAMUs, PTYTU U Jp. C OTHOBAJICHTHBIMU aTOMaMu. JKC-
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NEPUMEHTAIBHO OINPEIETIEHO, YTO MOJIEKYJIbI TAJIMIOB MEPEUYUCICHHBIX Me-
TaJUIOB SIBJISIIOTCS IMHEWHBIMU U 00€ CBSI3U LIEHTPAIBHOTO aTOMa C aToMa-
MU rajoreHa UMeT OJIMHAKOBYIO JIJIMHY.

[ ubpuan3aLHy OJHOM S- U ABYX p-opOuTaneii (sp’-ruOprmn3amys)
OCYIIECTBIISICTCS, HAI[PUMED, B aTOME OEPHILTUS U IPUBOAUT K 00Opa3oBa-
HUIO TPEX THOPUAHBIX OpOUTANIEH, OCH KOTOPBIX PACIIONIOXKEHBI B OJTHON
iockoctu o yriaoM 120°(puc.13). Takoe pacrnionoxkeHune opouTaiei co-
OTBETCTBYET MUHHUMAJIbHOMY
B3aUMOJICMCTBUIO JJIEKTPOHOB.
Tpu cBs3u, 00pa3oBaHHbIC
aTOMOM 3a CU€T sz_
ruOpUIHBIX opOuTanei, pac-
[10JIaraloTCs B OJHOMU IIJIOCKO-
CTH, U BaJICHTHBIE YIJIbI CO-

Puc.13 ctaBisroT 120°(MoneKyIbI ra-
W3menenue (bogMLI ATOMHBIX opOuTaeit JINJIOB 60pa, 60pHOfI KHUCJIOTEI
TIpH sp” -THOPHUIN3AIAN
up.)

KoMOHHAIWMS OIHOI 5- 1 TPEX p-opOuTaIeil IPUBOIHT K Sp’- THOPUIU-
3aluu, B pe3yJIbTaTe KOTOPOW 00pa3yercs YeThipe THOPUIHBIX OpOUTAIIH,
CUMMETPUYHO HAMNPABJIEHHBIE B POCTPAHCTBE K BEPIIUHE TETPAIPA U3
ero neHTpa nox yrioM 109°28’ (puc.14). Onu HaXoaATCSI HA MAKCUMAJIBHO

sp? sp% s spd

Puc.14

N3menenne GopMbl aTOMHBIX OpOHTameit
IIpH Sp° -rHOPUAH3ALIAN

BO3MOKHOM PACCTOSIHHM JIPYT OT JIpyTa, TaK 4TO B3aMMOJICHCTBHE DJICK-
TPOHOB MUHUMAJIBHO. TeTpa’ipuueckoe pacroIoKeHUE CBA3CH XapaKTep-
HO IS MHOTHX COSIMHEHUH yTiiepoaa, KpeMHus u ap. (puc.15).
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dopma sp-, sp’- 1 sp’- THOPHI-
HBIX opOuTanei CTaHOBUTCS OoJiee
BBITSIHYTOH 110 MEpE YBEITHUCHUSI
qucIa p-opOuTaneu, NpUuHUMAIOIINX
y4acTHe B THOPHIU3AINH.

§ 4. I'nOpuamn3anms ¢ yyacruem
d-opOuTtajei

VY aTOMOB 3JIEMEHTOB TPETHETO U
OOJBIINX MEPUOJO0B BaTCHTHBIMU
MOryT OBITh HE TOJIBKO $- 1 p-,HOH Cxema repeKpbIBaHusI AaTOMHBIX
d->JIEKTPOHBI. DTO PACIIUPSET BO3- opburaseii B Mostekyne CH,
MOKHOCTHU Pa3JIMYHbIX TUIIOB THOPUAN3ALINH, A CIEI0BATEIBHO, U T€OMET-
pudeckux GopM MOJIEKYJI U HOHOB.

d-opOuTanu MOTyT MPUHUMATH y4acThue THUOPHUAU3ALMH TOJIBKO B TOM
Clly4ae, €Clid OHU XapaKTEPU3yIOTCs MPUOIM3UTEIBLHO TEMH K€ pa3Mepa-
MU, 4TO U S- U p- BAJICHTHbIE OpOUTAIN. DTO YCIOBUE Yallle BCEro yAOBIIe-
TBOPSIETCS MPHU HUCIOJIb30BAHUU I 00pa3oBaHUs CBs3ed d-opOuTtaiei
IpEeoCiIeaHEero (BHYTPEHHET0) JIEKTPOHHOTO CII0SI U §- U p- opouTaneit
BHEIITHETO cJ1o4, T.€. (n-1)d-opOutaneit u ns u sp-opoutaneit. [ ubpuanza-
Usl C Y4aCTUEM BHYTPEHHHUX d-opOuTtaneil (BHYTPEHHsSISI TMOpHUAM3AIKs)
OCYILECTBIISIETCA B aTOMAaX, C HEAOCTPOCHHBIM (71-/)d-IOypOBHEM, T.€. B
aTomMax d-3meMeHTOB. Tak, Ipu 00pa30BaHUU CBS3CH d-dJIEMEHTAMU YET-
BEpPTOro Meproja B TMOpUIM3ALMN MOTYT IPUHUMATh ydactue 3d- , 4s- u
4p -opOuTany.

Puc.15

B o06pa3oBanuu O-cBsizeil MOTYT NMPUHUMATH y4acTHE U d-OpOWTaIn
BHEIITHETO 3JIEKTPOHHOTO cJios (nd-opoutanu). [Ipu atom ocyiecTBisieTcs
BHEUIHsS THOpuan3anus. B aToMax p -371eMEHTOB MOXKET OCYIIECTBISITHCS
TOJILKO BHEITHSSI THOPUIA3AIIHSL.

Baemnue d-opOutanu xapakTepu3yroTcsi 6ojiee BBICOKON SHEpruei, OHu
CIIMIIKOM BeNMUKUA U TU(DPy3HBI, 4TOOBI MEPEKPHIBATHCA B JOCTATOYHOM
CTETIEHH C BaJCHTHBIMU OpOUTAISIMU JAPYyrux aroMoB. OIHAKO KOMIIAKT-
HOCTb d -OpOHTaNIell CHJIBHO 3aBUCUT OT MOPSIAKOBOIO HOMEpA M CTENEHU
okucieHus atoMa. Eciu aToM B MOJEKyJie OKPY>KEH CHIIBHO 3JIEKTPOOT-
pUIIATENIbHBIMU aToMaMK (HampumMep, aToM cepbl B MoJsiekyie SFs win
aToM HMoja B MoJiekyJie /F; ), TO MOCieIHuEe OTTSATUBAIOT OT EHTPAIHLHOTO
aToMa OOIIME AJIEKTPOHHBIC Mapbl. ITO BHI3BIBAET 3HAUYUTEIHHOE YBEIU-
geHre 3(QQPEeKTUBHOTO 3apsiaa siapa IEHTPAIHLHOTO aToMa W MPUBOIUT K
CKaTUIO d-opOuTtaniell BHelHero ciiosi. OHU CTAaHOBSITCS CPAaBHUMBIMHU I10
pasMmepam c s- u p-opoutansimu. Tak, pacu€Tbl Jal0OT OCHOBAHUE MOJAraTh,
9TO Ha aToMe cepbl B SF CyMIECTBYET 3apsii OKOJIO +2; 3TO U TO3BOJISET
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d-opOuTanaM cepbl MIPUHUMATH y4acTHE B 00pa3oBaHUU cBs3el. B otin-
yue ot SFs Monekyna HgS cylecTBoBaTh HE MOXKET, TaK KaK aTOMBI BO-
J0poJa HE CIIOCOOHBI OTTAHYTh OT CEpPbI ANEKTPOHHYIO IJIOTHOCTh. TOYHO
TaK K€ MOXHO OOBSCHUTH, moueMy cyiiectByer PCls, Ho ue HsP; IF7, HO
He M7l 1 T. 1., T. €. IOYEMY MAKCUMAJbHYIO BaJ€HTHOCTb 3JIEMEHTHI MTPO-
SBJIIIOT UMEHHO B COEIMHEHHUSX C HamOoJiee 3IIEKTPOOTPHULIATEIbHBIMU
napTHEpaMu — PTOPOM, KUCIOPOJIOM, XJIOPOM.
['uOpuauzanus ¢ yyactuem d- opoutaneit HaOIoAaeTcs JOBOJIBHO Yac-
TO y aTOMOB TSDKEIBIX p-3JIEMEHTOB M OCOOEHHO B KOMIUIEKCaxX d-
anemeHToB. Hanbonee BaXXKHBIMU SBISIOTCS CJEIYIOUINE BUIbI THOPHUIM-
3allM C y4acTUEeM d-opOuTasen.
sp3 &, OKTadipudecKas Tuopuan3aius. B Hell yuacTBYIOT o/iHa S-, TPH
p- ¥ 11Be d-opbutanu, a uMeHHO d,” u d,’.,°. Pa3aruyaroT BHyTPEHHIOO
(n-1)d’nsnp’- u BHemHIOW nsnp’nd’- ruGpunmsanuio. lllecTs SKBUBa-
JICHTHBIX TUOPUHBIX OPOUTANIEH pacmoiaratoTcs TaK, YTO OCH X HaIPaB-
JIEHBI OT LEHTpa K BepUIMHaM okTa’zapa (puc.16).
dsp’, mnockas KBajpaTHas
rudpuausanus. B pesynbrare

yTJilaM KBaJipaTa B IJIOCKOCTH X).
dsp3 , TPUroHajbHasi Ounupa-
mMuganbHas Tudpuauzanus. [Ipu

' e N KOMOMHHUPOBAHMUS NS, NPy, NPy A
1 =
B ..., .., " N 2 2 ~

| L : (n-1) d,".,” opburanei nomy4aer-

{ . .ﬁ‘ Ly |

- %‘E Fin | sl HA0Op SKBUBAJIEHTHBIX T'0-
R e B N o

P f};ﬂ;ﬁ* | pUIHBIX OpOUTaNIEl, OCH KOTO-

i e -'.'.'.'-“:':\.. !

l.-q S i N PBIX HaIIPaBIIEHBI OT LICHTPA K

\\ ! L ‘-Hﬁi L

Puc.16 § KOMOMHHPOBaHHH S-, TPEX p- U
PacrionioxeHne aTOMHBIX OpOuTae 2 N
npu sp°d*-ruGpuan3am dz —Op6I/ITaJ'I€I/I 06pa3yeTc;1 HEOK-

BHUBAJICHTHBIA HA0Op MATH THO -
PUIHBIX OpOUTaseil, OCH KOTOPBIX HAIIPABJICHBI OT LIEHTPA K BEPILIMHAM
TPUTOHATBHOM nupamMuabl. Cpeau HUX pa3inyaroT JBE SKBUBAJICHTHBIC aK-
CUaJbHbIe OPOUTANI U TPU SKBUBAJICHTHBIE YKBATOPHAIbHBIE OpOUTATIU
(puc.17).

[TonsiTrie 0 ruOpUIM3ALMKA OYEHb YaCTO UCIIONB3YETCS PU OMMCAHUU
BOJIHOBBIX (DYHKIIMH 3JIEKTPOHOB, yYaCTBYIOUINX B 00pa30BaHUU CBS3EH.
['uOpuauzanys oObSICHIET HallpaBJICHHUE CBSI3€H, a CIe10BaTENbHO, CTPYK-
TYpy MOJIEKYJIbI.

CocTosiHHE aTOMa, BXOJIAIIETO B COCTAB MOJIEKYJIbI, HA3bIBACTCS Ba-
JICHTHBIM cocTosiHueM. [lepexo/1 aToMa U3 OCHOBHOTO B BaJICHTHOE CO-

CTOAHHUC 4aCTO CBA3aH C B036Y)K,Z[6HI/IGM aToMa U C I‘I/I6pI/IIII/IBaIII/ICI\/’I Ba-
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JIEHTHBIX opOuTaneit. Ecnu ydyecTs k
TOMY K€, YTO B3aUMOJECHCTBUE 3JIEK-
TPOHOB B CBOOOJTHOM aTOM€ OTJIMYAET-
Csl OT B3aUMOJECHCTBUSA UX B MOJIEKYJIE,
TO CTaHET OYEBUJIHBIM, UTO BaJIEHTHOE
COCTOSIHME aTOMa HE COBIAJAET HU C
OCHOBHBIM, HU C OJTHUM U3 BO30YXK/IEH-
HBIX COCTOSTHUI CBOOOIHOTO aTOMaA.

§ 5. KpaTtHble cBSA3M

CBsi3b MEXKy AByMsI aTOMaMH B
MOJIEKYJIE, OCYILIECTBIIsIEMasl OJTHOM Ma-
pOU 3JIEKTPOHOB, HA3BIBAETCSI OPAU-
HapHOM WJIM IPOCTOU CBSA3BIO. [IBOM- Pric.17
HEBIE ¥ TPOMHBIE CBS3H, T. €. CBA3H, 00- PaC“oggﬁ‘fggf_:;g“p‘;;;;’ngaﬂeﬁ
pa30BaHHbIE JBYMSI WJIM TPEMSI AJIEK-
TPOHHBIMU [MApaMH, HA3bIBAKOTCA KpaTHbIMU. Kaxkias kpaTHas CBS3b CO-

CTOUT U3 CBSI3EH JIBYX THIIOB: O- U TT-CBSI3CH.

O-CBsI3b 00pa3yeTcsl NpU NEPEKPbIBAHUN OPOUTANIEH, OCU KOTOPBIX
COBMAJIAIOT C JIMHUEW, COEIMHSIONIEH sS1pa aTOMOB, M OKa3bIBa€TCS Haubo-

JICC I'IpO‘-IHOﬁ. HOC—)TOMy OpAHWHAPHBIC CBA3H IIOYTH BCECT/IA SBJIIOTCS O-

cBsa3sMU. B 00pazoBanuu O- CBSI3M MOTYT MPUHUMATH YYaCTHUE JIFOObIE
YHCTHIC WM THOPHUIHBIE OPOUTAIIH.

Tt-CBs3b 00pa3zyeTcs Mpu NepeKpbIBAHUU OpOUTAJICH, OCU KOTOPHIX HE
COBMAJAIOT C JIMHUEH, COSTUHSIONICH siipa aTOMOB, a MEPIEHIUKYISIPHBI K

Hell. OOBIYHO B 00pa30BaHUM TI-CBSI3€H YUaCTBYIOT p- WIIH d-OpOUTAIIH.
T0-CBSI3U OCYILECTBIISIFOTCS] B COCIMHEHUSX C KPATHBIMU CBA3SIMU.
JIBOMHAsA CBA3b MEXY ATOMAMHU COCTOUT U3 OJIHOW O- U OJTHOM TT-CBSI3H;

Puc.18. Cxema o6pasosanus TU-cesaseit
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TPOMHAas CBSA3b — U3 OJHOU O-
U IBYX Tt-cBsA3el. Hanpumep, B
MOJIEKYJIE a30Ta N=N aTtoMBbl
CBsI3aHbI OTHOM O- U ABYMs TU-
CBSI3SIMU, KOTOPBIE OCYLIECTB-
JIAOTCA 3a CYET MEPEKPBIBAHUSA
Dy, Py~ U p.-opOuTaeil kaxno-

T
I ro atoma a3ota (puc.19).
H T ":;’ KparHbie CBSI3U SIBIISIOTCS
') Vi - N 0oJiee MPOYHBIMH, YEM IPO-
: ar | CTBIE, HO JABOIHAs CBSI3b B 00-
e . | IIIeM HE TOYHA B JIBa pa3a u
Puc 19 TpOIHas HE TOYHA B TPH pa3a

MpoYHee MpocToit (Tabi.2).
O- u TU-cBs131 B MOJIEKyJTIe a30Ta

Tabmwma 2.

DHeprus HEKOTOPBIX MPOCTHIX M KPATHBIX CBS3EH (KKaj/MOJIb)

C 83 C—-N 70 C-0 82 N-N 38
C 148 C=N 147 C=0 169 N=N 100
C 194 C=N 210 C=0 256 N=N 226

C
C
C

[ToBbIlIIeHNE KPATHOCTHU CBSI3U MPUBOJAUT K YMEHBIICHUIO MEXYSICP-
HOTO pacCTOsSIHUS B MoJieKyJie. Tak, paccTossHue MEXy aTOMaMH yrnepoza
B mosiekynax H;C — CH;, H,C = CH,, HC = CH cocrasnser 1,54 A, 1,35A

0
ul,20A.

AToMHBIE d-OopOuTaNKM MpW O0Opa3oBaHWUU TI-CBSI3EH TMEPEKPHIBAIOTCS B
OoJbIIIeH CTENeHH, YeM p-opoOuTtanu. [loaTomy aTom, eciii 3TO BO3MOXKHO,

B IIEPBYIO O4epelb sl 00pa3oBaHUs T-CBsI3el UCIIONB3YET d -OpOUTaIu.

[Ipu GonbIIOM pamuyce aTOMOB OOKOBOE MEPEKPBIBAHUE p- U d- OpOH-
Tajeu, T.e. oOpazoBaHue T-CBS3€H, 3aTpyAHUTENBHO. [l0aTOMY NBOIHBIE U
TPOUHBIE CBSI3U 00Pa3yIOTCA Yallle BCETO MEXIy aTOMaMH 3JIEMEHTOB BTO-
pOro M TPETHETO MEPUOOB.

Yucnao O-cBs3eld B MOJIeKyJie (MM MOHE) MEXIY IEHTPaIbHBIM H TIe-
pudepuiinpIMu aTromMaMu (WU TpyNIiaMyd aTOMOB) ONpeNENsieT KOOpAUHa-
[IMOHHOE YUCIIO IIEHTPAJIIbHOIO aromMa. B Tex ciyuasx, Korja ¢ LeHTpalb-
HbIM aTOMOM B MOJIEKYJIE COE€IMHEHBI aTOMbI OJHOBAJIEHTHOTO 3JEMEHTa
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(W11 3JIEMEHTOB), KOOPJAMHALMOHHOE YHUCIO IIEHTPAJIBHOIO aToMa COBIIA-
JaeT C €ro BaJEHTHOCTHbIO. Eciam e LeHTpanbHbI aTOM KOOPIUHUPYET
BOKpPYT ce0s aTOMbI ABYX- WJIA TPEX MHOTOBAJIEHTHBIX 3JIEMEHTOB, TO KO-
OpJIMHALIMOHHOE YUCJIO MEHBIIIE BAJICHTHOCTH atroMa. Hampumep, atom ue-

THIPEXBAJICHTHOTO yriepoaa B mosiekyie CH, oOpa3yeT ueTbipe O-CBs3H, a
B Mosiekysie O = C = O tonbko aBe. KoopanHaimoHHoe 4yncio yriepoaa B
ATUX COCUHEHUAX PABHO COOTBETCTBEHHO YETHIPEM U JBYM.

§ 6. L'eomeTpuueckas popma MoJIEeKY.JI.
MoJieKyJibl ¢ OPANHAPHBIMYU CBA3AMHU.

Onpenenenue GopMbl MOJIEKYJIbl - 3TO MPEAMET CTEPEOXUMUU — HAYKH
O MPOCTPAHCTBEHHOM CTPOEHHMHM MOJIEKYJ. [l KaXaou yCTOMYMBOU MO-
JIEKYJIbI CYIIECTBYET TAKOE B3aUMHOE PACIOJIOKEHHE €€ aTOMOB, KOTOPOE
OTBEYA€T MUHUMYMY MOTE€HUUAJIBHON 3HEPrUU. DT0 paCIOIIOKEHUE aTO-
MOB, OIpejelsioniee pa3mMepbl U (GOpMy MOJIEKYJIbI, 3aBUCUT OT 4YHCIIA
AJIEKTPOHOB, YYacCTBYIOIIHUX, B OOpa30BaHMM XMMHYECKUX CBSI3€M, U OT
PaCIOJIOKEHUSI BAJIGHTHBIX OpOUTaliel B mpocTpaHcTBe. [ onpeneneHus
CTPYKTYpPBI MOJIEKYJIbl MJIM UOHA HEOOXOAMMO YCTAaHOBUTH JIJIMHY CBA3EH
(MeXIysiIepHbIE PACCTOSIHUS) U BAJICHTHBIC YIJIbI (YIJIBI MEXIY JIMHUSIMU
cBs31). OCHOBHBIMU 3KCHEPUMEHTAIbHBIMM METOAAMHU HCCIEAOBAHUS
CTPYKTYPbI MOJIEKYJI SIBJIIFOTCSI CIIEKTPOCKOIIUS, PEHTI€HO- U 3JEKTPOHO-
rpadusi.

B3anmHas opueHTanus aToMOB B MPOCTPAHCTBE ONPEEISAECTCS HAIPaB-
JICHHEeM O-CBsI3eH, a TaKkKe OpOuTalel C HEeMmoAeNEHHBIMU AIIEKTPOHHBIMU
napaMM Ha BaJCHTHOM YpPOBHE. T-CBSI3M, B MEPBOM NPUOIMIKEHUHU, HE
BJIUSIIOT HA BAJIEHTHbIE yIuibl. OIHAKO OHU BJIUSIOT HA JJIMHY CBA3H, YKO-
pauuBas €€.

qDOpMBI IIPOCTBIX MOJICKYJI U HOHOB MOJKHO IIPCACKA3aTbh UCXOAA U3 TO-
ro, 4TO JJICKTPOHHBLIC IIAPbl HAa BAJICHTHBIX OPUTAJIAX CTPEMATCS PACIIOI0-
JKUTHCA KaK MOKHO JAJIBIIC APYT OT Apyra.

PaccmoTrpuM cHavana mpocTeiime cirydan - CTPYKTypy MOJIEKYJ THIIA
AB,, B KOTOPBIX IIEHTPAIbHBIA aTOM A CBS3aH OPJAMHAPHBIMHA KOBAJICHT-
HBIMHU CBSI3SIMU C HECKOJIBKUMH aTOMaMHU OJHOTO M TOTO K€ DJIEMEHTa,
npu4€éM BCE BAJICHTHbIE OpOUTAIN aToMa A MCHOJIB3YIOTCS 1Jisi 00pa3oBa-
HUS CBs3eil. MaKkcHMaibHOE YHCIO OpJAMHAPHBIX KOBAJICHTHBIX CBSI3EH,
00pa30BaHHBIX JIIOOBIM §- U P-3JIEMEHTOM MO OOMEHHOMY MEXaHHU3MY,
pPaBHO CEMH, TaK KaK 3TO MAaKCHMAaJIBHOE YHCIIO AJIEKTPOHOB HA BHEIITHEM
YpOBHE XHMHYECKH PEAKIIMOHHOCTIOCOOHOTO atoma. (Bocemb u AeBSTH
3IIEKTPOHHBIX MAp MOTYT MOSIBUTHCS HAa BAJIEGHTHOM YPOBHE TOJBKO y aTo-
MOB HEKOTOPBIX d-3JIEMEHTOB, TPUUEM YacTh CBSI3eH 0Opa3yroTCs IO JI0-
HOPHO-aKIENTOPHOMY MeXxaHu3my). [103ToMy MBI pacCMOTPUM BO3MOXK-
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HBIE CTPYKTYPBI MOJIEKYI AB,, TAe n mensiercs ot 1 1o 7.

JIByxatoMHble MOJieKyJbl AB MOryT OBITH TOJIBKO JTUHEWHBIMHU. Jl7st
TOYHOIO MX ONHMEAHUS JOCTATOYHO 3HATH JUIMHY CBSI3H, KOTOPas OOBIYHO
cocrasisieT 1-3 A.

TpexToMHbIe MOJIEKyIbl AB, B 3aBUCUMOCTH OT 3JIEKTPOHHON KOHUTY-
palyy [HEHTPATBHOTO aTOMa B BAJEHTHOM COCTOSIHUM MOTYT UMETh YIJIO-
BY10 ()OpMY C aTOMOM B BEpIIUHE WM JIMHEUHYIO (hOpMY.

O-CBSI3U B MOJIEKYJIaX YrioBoi OpMbI 00pa3yroTcs C y4aCTHEM JBYX p-
opouTtaneit atoma 4 (H,S, H,Se, H,Te v np.). JIns TOUHOTO ONMUCAHUS ITUX
MOJIEKYJT HAJ0 3HATh JIJIMHY CBSI3U U BAJICHTHBINA YTOJL.

Ecnu B 0Opa3zoBanuu O-CBsi3el MPUHUMAIOT Y4acTHE Sp-TUHOPUIHBIE Op-
outanu aToMa A, TO MOJIEKYJIa UMEET JUHENHHYI0 popMy (MOJIEKyJIa Talln-
OB Oepuiuivs, IIMHKA, KaJIMUs, PTYTU U Ap.). s xapakrepucTtuka Takux
MOJIEKYJI JOCTATOYHO 3HATh JJIMHY CBSI3U.

Jlist ueTblpéxaToMHbIX MoJiekysl AB; HamOolnee pacnpocTpaHEHBI JBE

CTPYKTYpBL:
1) TpeyrosbHas nupamuga ¢ atToMoM A B BepuiuHe. [ TouHOro omnu-

CaHUs CTPYKTYPBI TAKOH MOJIEKYJIbI HEOOXOIMMO 3HATh PACCTOSTHUE MEXK-

Ny siApaMH aTOMOB U YTOJI IIPY BEPIUIMHE WJIU BBICOTY MUPAMUJIbI. O-CBSI3U
B TaKMX MOJIEKyJaX dYallle BCero oOpaszyroTcs MyTEM MEepeKphIBaHUS TPEX
p-opbutaneit atroma A ¢ opOuTansaMu atoMoB B (Monekynsl PH;, AsH;,
SbH;). BaneHTHBIHN yroJyl B HUX OJIU30K K MIPSAMOMY.

2) Ilnockuii paBHOCTOPOHHUN TPEYTrOJIBHUK C aTOMOM A B ILIEHTpE.
EnuHcTBEeHHAs XapaKTepUCTUKA TAKOM MOJIEKYJIbI - JJIMHA CBA3H, TaK Kak
BaJICHTHBIN yroJl u3BecTeH U paBeH 120°. B oOpa3oBaHuu O-cBsizeil npu-
HHMAIOT y4acTue sp’-rubpuinble opoutamu atoma A. IlpuMepamu sBis-
IOTCSI MOJICKYJIbI TalTUI0B 00pa ¥ OOPHOM KUCIIOTHI.

CtpykTypa MOJEKyd U UOHOB AB, OTBeuaeT B OOJIBIIMHCTBE CIy4acB
dbopme mpaBmIBHOTO TeTpadapa ¢ atromoM 4 B nentpe (CH, CCl, BF,
NH,", SiH, u ap.). i TOYHOro omnuvcaHus 4YacTUIlbl JOCTATOYHO 3HATH
JUTMHY CBSI3U (BaJICHTHBIM yroi paBeH 109°28"). B oOpa3zoBanuu cBs3eit
NPHHUMAET ydacTHe sp> -rTHOpHAHbIE OpOHTAIN aToMa A.

Hekotopsie mMoiekynbl U UOHBI TUMAa AB,, rAe A — aToM d-3IeMeHTa,

uMeroT opMy TIJIOCKOTO KBajpaTa ¢ aToMoM A B 1ieHTpe. B oOpazoBanuu
CBA3€H B 3TMX YaCTHIAX NPHHUMAIOT Y4acTHe dsp’-THOPHIHbIE OpOUTaIH
atoma A. Takyio cTpykTypy umerot, Hanpumep, [Pt(NH;),CL], [PdCL]>,
[Cu(NH3),]*, [Pt(NH3),]*" u ap. Monekyisl u HoHbl THIIa AB;5 BCTpeda-
I0TCSl CpaBHUTENBHO peniko. 10 PFs, PCls u SbCls. Ouu numeror gopmy
TPUTOHANBHOMH GUITMPAMHJIBI, UTO COOTBETCTBYET Sp°d- THOPUIN3ALMH Op-

27



ourtaneil neHTpaabHOro aToma. Takue MOJIEKYJIbl MOTYT OBITh OXapakTe-
PHU30BaHbI JUIMHAMU CBS3EH.

Momnekyibl 1 MOHBI TUTIA ABs UMerT (GopMy MPaBUIBHOIO OKTa’Apa C
atomoM A B ueHtpe (SFg, SeFs, TeFs, PFy SnCl62', SiF62' u ap.). B o6pa-
30BaHUHU CBA3CH YYaCTBYIOT sp’d’-opOuTann aToMa. s XapakTepHCTHKH
MOJIEKYJIbI HEOOXOIUMO 3HATh IJIMHY CBSI3U; BaJCHTHBIN yroi paseH 90°.

EnuHCTBEHHBIM TPUMEPOM MOJIEKYJIbl AB; siBisieTcst [F; ¢ 4eThIpHa/I-
aThIO 3JEKTPOHAMHU HA BAJEHTHBIX opoOutansx. Ilomaraercs, yto cemb
CBA3BIBAIONIMX OpOUTANEH HOda OTHOCATCA K OJHOMY H3 THIIOB sp d -
ruOpuHbIX opOutanei (4f — opOuTanu TOXKE MOTYT UrpaTh HEKOTOPYIO
poib B rubpuansanii). Bo3MOXHBI pa3HbIe THITBI CUMMETPUH sp d° - THO-
PUAHBIX OpOuTalied B 3aBUCUMOCTH OT TOTO Kakue TpU d-OopOuTanu u
nosib3ytorcs. Hanbonee cuMMeTpUYHOM: CTPYKTYpOH JTOJIKHA OBITH IMEH-
TaroHajibHasi Ounupamuuja. OHa ACHUCTBUTEIBLHO pEaTU3yeTcs B Clydae
[F’;, KaK B Ta3000pa3HOM, TaK U B TBEPJIOM COCTOSHUU.

Hapsiny ¢ pacCMOTpEHHBIMHU, TUIIAMHM YacTHUL] BCTPEYAIOTCS MOJIEKYJIbI-
Tuna AB,.c HENmoJIeNEHHBIMU JJIEKTPOHHBIMU IapaMU Ha BAJIEHTHOM
ypoBHE aToMa A. B kauecTBE MPUMEPOB PACCMOTPUM CTPYKTYPY MOJIEKYJI
NHg, HZO, TeCl4, Cng u IF5

Mornekyna ammuaka umeetr (popMy TPEyroJbHOW MUpPaMUABI C ATOMOM
azota B BepmmHe. Eciim Obl B 0Opa3oBaHum cBsizedt N - H ydacTBOBaiu
YHCThIE p-OpOUTAIM aTOMa a30Ta, TO BaJCHTHBIE YIJIbI ObUTH Obl OJIM3KU K
npssMoMy (kak B mosekynax PH;, AsH; v SbH;3). OnHaKo yCTaHOBJEHO,
YTO BAJICHTHBIE YIUVIBI B MOJIEKyJ€ ammuaka paBHbel 107°; oHM ropasno
OJIMKE K TETPa’ApUUYECKOMY, YEM K MPSAMOMY. DTO J1a€T OCHOBAHME TOJIa-
rath, 4YTO Ipu 00pa30BaHUU MOJIEKYJIbl NH; IPOUCXOAUT THOPUIAN3AIUS C
y4acTHEM TpPEX OIHOSJEKTPOHHBIX p- 17
opOuTaneil u IByX3JIEKTPOHHON S- Op- -
OuTanu atoma a3oTa:

p
URIEEE

[TosTomy Tpu cBsizu N - H 06pa3oBaHbI
3a CuéT TPEX Sp -THOPHAHHBIX OPOUTA-
neil. UerBépras rulpuaHas opOUTAIb

.. o o Puc.20
3aHsTad HCIOACIICHHON 3JICKTPOHHOU CXeMa MepeKphIBaHMs ATOMHBIX
HapOfI (pI/IC20) opOuTaseii B MOJIEKyJle aMMHaKa

HeOoib11oe OTKIIOHEHHE BAJICHTHOTO yrja OT TCTPA3ApPpUICCKOI'0 MOK-
HO OOBSICHUTH OTTAJIKMBAHHEM CBs3bIBAIOIINX 0p6HTaHeﬁ oT Op6I/ITaHI/I C
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HEMO/EJIEHHON Napoi 3JIEKTPOHOB. (AHAJIOTMYHYIO CTPYKTYpPY UMEET MO-
nekyna NF;, BaleHTHBIN yTroj B KOTOpoit paBeH 102°).

Pe3koe paznuumne BeTMUYMHBI BAJIEHTHOrO yria B Mojekyinax NF; ¢ on-
HOU cTtopoHbl PH; AsH; v SbH; ¢ apyroil cTopoHbl (COOTBETCTBEHHO
107° u 93°, 92° u 91°), oObBsICHsIETCS TEM, YTO MPHU MEPEXOJE OT a30Ta K
docdopy, MBILIBIKY U CypbMe pa3Mepbl aTOMOB YBEJIWYMBAIOTCA. JTO
NPUBOJUT K YMEHBIICHHUIO 3JIEKTPOHHOM IMJIOTHOCTU BAJICHTHBIX OpOUTa-
J€eil U, CIeA0BaTeNbHO, K MEHBILIEMY B3aUMOJECHCTBUIO BAaJEHTHBIX 3JIEK-
TpoHOB. [loaTOMy yuactue opOUTAIM C HEMOACIEHHOW 3JEKTPOHHON Ta-
PO sp’-rHOPUIM3AINS 3HAUNTENIHHO YMEHbIIAETCS. MOXKHO CYMTATH, YTO
CBs13U B Mosiekynax PH;, AsH; w SbH; 00pa3oBaHbl YUCTHIMHU p- OpOUTa-
JSIMU LEHTPAJIbHBIX aTOMOB.

[IpumepoMm yIJIOBOM MOJIEKYJIbI, .00pa30BaHHON C ydYacTHEM sp3 -
ruOpUIHBIX OpOUTANIEH ABIIAETCS MOJIEKYJa BOJBL.. Y CTaHOBJIEHO, YTO Ba-
JICHTHBIN yroJ B MoJiekyie H>O pasen 105°. Eciu 661 B 00pa3oBaHuy CBsI-
3eil MpUHUMAJU y4acTHe YUCThIE p- OpOMTaNIM aToMa KHCJIOpOJa, TO Ba-
JICHTHBIN yToJa JOJIKEH ObITh NpsMbIM. [loaTOMY cuuTaror, 4To mnpu odpa-
30BaHUM CBSI3eil IPOMCXOJUT Sp° -rHOPHIU3aIHs OpOHUTasIeil aToMa KHCIIO-
polla, B KOTOPOW YYacTBYIOT JBE OAHORJEKTPOHHBIE M OAHA JBYX3JIEK-
TPOHHAsI p- OpOUTAIH, a TAKXKE JIBYXJIEKTPOHHAS S-OPOUTAIIb:

JIBe TuOpuaHBIE OpOUTATM O0pa3ylOT CBSI3M C aTOMaMHU BOJOpPOJa, a JIBE
JIp. 3aHATHI HETIOJIEIEHHBIMU 3JIEKTPOHHBIMU TTapamu(puc.21).

(B monekynax H,S, H>Se, H,Te, B oT-
JUYUU OT MOJIEKYJbl H>0 BaleHTHBIN
yroia 6;1m30K k 90°; cBs3u 00pa3oBaHbI
3a CYET YHUCTBHIX p-opOUTaAEeN IIEH-
TPaJbHOTO aToOMa, TaK Kak MO Mepe
YBEIIMUEHUS pa3MepPOB BAJICHTHBIX Op-
outaneit ruOpuau3aIus UX CTaHOBUT-
Cs HEBBITOTHOM ).

Monekynbsl OF, u Cl,O ananoruu-
HBI 110 CTPYKTYpPE MOJIEKYJi€ BO/JIbI; Ba-
JIEHTHBIA YTOJI paBE€H COOTBETCTBEHHO
103° u 109,5°. CBsa3u O-F n CI-O 006-
pa3oBaHbl C y4YacTHEM p-THOPHIHBIX

Puc.21 6 o 6
CxeMa TepeKphIBaHHUS aTOMHBIX OpOHUTAJICH KUCJIOPOJa 1 2p -OpouTaIn

opOuTaneil B MONEKyIy BOIBI dbTopa wim Ip-opOuUTaN XJI0pa.
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Monnekyna xmopuaa temnypa TeCl, nmeet popMy HENPaBUIBLHOTO TET-
parapa. Ilpu e€ oObpa3zoBaHUU MPOUCXOIUT BO3OYKICHUE aTOMa TEJIypa U
Sp’-rHOPHAM3AIMS C YYaCTHEM OHON HEeMoeIEHHOI Mapoii SIeKTPOHOB:

S p
Te g4t 4i++  — -

Ty

spjd

['uOpunHbie OpOUTANIM HANIPABJICHBI K yIJlaM TPUTOHAJIBLHOW OUIHPAMUJIBL.
YeTbIpe U3 HUX Y4aCTBYIOT B 0Opa30BaHUM CBs3EH, MsATas 3aHATA HETOJE-
JEHHOM ITapou

"~
Te—C(lI
cr |

@)

Monnekyna ¢ropuna xmopuaa FCl; umeer T-o0paznyto gpopmy. I[lpu e€ 06-
pa30BaHUU NPOUCXOAMUT BO30OYKIECHHE aTOMa XJopa M OCYIIECTBISETCS
sp’d-rubpuaM3aIys ¢ y4acTHeM ABYX HEMOEIEHHbIX Hap:

S P d
N

sp3d

[TocnenHue 3aHUMAIOT JBE M3 TPEX DKBATOPUAIBHBIX OPOHWTAICH TPUTO-
HaJIbHOW OUTTHPAMUJIBI:

F

<
/CIF

F

Moinexyna IF; umeer dopMmy mpsmoyroinbHoii mupamuasl. Hlects sp’d’-
rUOpUIHBIX OpOuTanei
s

P d
IS4+ 4

sp3d2
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B OTOM MOJIEKYJIE HANPABJIEHBI K YIjaM OKTaj’Jpa, ISTh U3 HUX yYaCTBYIO
B 00pa3oBaHUs CBA3EH, 1I€CTasl 3aHSATA HEMOACIEHHON Mapoid,

.
\
I F
F

F

Eciu ¢ neHTpanbHbiM aTOMOM A CBSI3aHBI HE OJIMHAKOBBIC, a Pa3jIvd-
HBIC aTOMBI, TO MPABUJILHBIC CTPYKTYPHI 00JIee MM MEHEE MCKaXaroTcs 1
WX OIUCAHKE YCIIOXKHACTCS: JITTMHBI CBS3CH M BaJICHTHBIC YIJIbl B MOJICKYJIC
CTAHOBSATCS HE pPaBHBIMHU ApyT Jnpyry. OCHOBHBIC THITBI IPOCTPAHCTBCH-
HOW KOH(MUTYpaIUU MPOCTSHUIITUX MOJICKYJI U MOHOB TIPUBEJICHBI B Ta0JIH-
e 3.

§ 7. MoJiekyJibl ¢ KDATHBIMHU CBA3SIMH

MOXXHO CUHMTaTh, YTO CTEPEOXUMHUYECKOE CTPOCHUE MOJIEKYJ, COAep-
KaIUX KpaTHbIC CBSI3H, ONPEIEACTCS TOJbKO YMCIOM O-CBSI3€H U HEMO-

NENEHHBIX DJEKTPOHHBIX Map. T-CBA3M, B TIEPBOM NPUOIUKEHUU, HE
BJIUSIIOT HA BAJICHTHBIE YTJIbI.

PaccmoTpruM HECKOJIBKO TPUMEPOB.

Monekyna CO, nuHeliHa. YeTbIpeXBaJEHTHBIA aTOM yIJIEpOJa HUMEET
YEThIPE HECMAPEHHBIX JIEKTPOHA Ha 2s- U 2p-opoutansax. KoopauHaimon-
HOE€ YHUCJIO YIJIepo/ia PaBHO ABYM, CJI€I0BaTEIbHO, aTOM yTriepoaa oopasy-

eT 1Be O- U JiBe TI-CBsA3U. byaem cuurtare, 4To U3 TpEX p -opOuTanei

B 00pa3oBaHUU O- CBSI3U YYAaCTBYET p,-OpOUTaIb, B 00pa30BaHUM ABYX TT-
cBs3eil p,- U p.-opoutanu. [Ipu oOpazoBaHuU CBA3EH MPOUCXOIUT SP.-

rubpuauzanusi 1 00e O- -CBSA3M PACMOJararoTcsi Ha OJHOM MPSIMOM, YTO
00yClaBIUBaeT JIMHEHHYIO CTPYKTypy Mosekynsl CO,. Torma nBoitHas
CBsI3b aTOMa yIJjiepojaa .S DyDyD: C OJIHUM U3 aTOMOB
PN
SPx»
KHCJIOposia OyIeT COCTOSATh U3 O- U Tly-CBA3€H, a CO BTOPLIM U3 C- U TT,-
cBszelt (puc.22).

AHAJIOTUYHYIO CTPYKTYypy UMEIT MoJiekysbl CS; u COS. Ho ecnu
Mosekyasl CO; u CS; ABASIOTCS CHMMETPUYHBIMU (JIJTMHBI CBS3EH OJIMHA-
KOBbI), To Mosiekyida COS HecummerpuuHa (cBsizb C=(0 Kopode, 4eM
cBsa3b C=S.

Sp -TUOpUan3anMsl U JIMHEWMHOE pacIoyiokeHue O-CBSI3el UMEIT Me-
CTO B MOJIEKYJIaX BCEX COEIMHEHUN YIJIepojaa ¢ KOOPAMHAIMOHHBIM YKMC-
JOM, paBHbIM JAByM. JIuHelHON ABIsSIETCS, HANpUMeEp, MOJIEKyJia
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Puc. 22
CxeMa nepeKphIBaHHs aTOMHBIX OpOuTanen
B Mouiekyse CO,

O=C=C=C=0, B KOTOpOH BCce TpU aToma yriepojaa o0pa3yrT O-CBsI3U
3a CUET sp —TUOPUIHBIX OpOUTATIEH.

Monekyna auneruiiena H-C=C-H Toxe nunelina. B oOpazoBanuu O--
ces3eir C-C u C-H ydacTBy1oT sp,-opOUTaIn aToMoOB yIjiepojia, KOTOphIe
O0yCJIOBJIUBAIOT CTPYKTYPY MOJIEKYJbl. 3a CYET IEPEKPBIBAHUS py-

opOuTa-JIel aTOMOB yriieposia 00pasyercs Ty-CBs3b, 32 CUET p.-opOuTaIen
- Tt,~CBaA3b (puc.23).

Puc. 22
Cxema nepeKphIBaHUs
ATOMHBIX OpOHTaNel B MO-
nekyne C,H,
a — oOpasoBaHue G- CBs3CH
0 - oOpa3oBaHume - CBA3CH
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Monekysbsl TpOU3BOIHBIX aneTrwieHa, HanpuMep, C/-C=C-Cl, a Takxke
MOJIEKYJIbl CUHWIBHOU KUCTOThI H-C=N u nquunana N=C-C=N Toxe Ju-
HEHWHBI.

Monexyna C,H,; PaccMoTpeHHe pa3InyHbIX BO3MOXHBIX BAPUAHTOB 00-
paszoBanus cBs3eit B Mojekyne H,C = CH, moka3bIiBaeT, YTO HanOOIbIIIEe
NepeKphIBaHUE OpOUTANICH, a CIeA0BaTeIbHO, MOJIEKYJIa C HaWMEHbIICH
SHEpPruer BO3HMKAET B TOM Ciydae, Korja oOpasyercs Tpu sz -
TUOPUHBIX OpOUTAIM aToMa Yriepoja, a TPEThbs p -OopOUTaIb OCTAETCS
yucToi. Ecu B ruOpuays3anuu ydacTBYIOT S-, py-, U p, —OpOMTaNH, TO
OCH TUOPHUIHBIX OpOUTANICH pacmoiaraloTcsi B INIOCKOCTH Xy (puc.24). sp2 -

Puc.24
CxeMa nepekpbIBaHUsI aTOMHBIX opOutaneit B Monekyie CoH,.

a)- oOpa3zoBaHue O-CBA3EH, 6)- 00pazoBaHue TT-CBSI3U
TUOpUIHBIE OPOUTANIA UCIIONB3YIOTCS KaXK/IbIM aTOMOM yTJiepojia i 00-

pazoBaHusa TpE€x O-cBsazer (nBe cBsizu C-H u oana C-C ) B TJIOCKOH MoO-
nekyne stuiieHa. Ocu p, -opOuTaneit 000uX aToMOB yTriepoja MepreHIu-
KYJISIPHBI K TUIOCKOCTH MOJICKYJIBI; MIEPEKPBIBAsCH, 3T OpOUTaIn oOpasy-

I0T TU-CBSI3b, MAKCUMaJbHasl AJIEKTPOHHASI MJIOTHOCTh KOTOPOM pacrosio-
YK€HA BBILIE U HUXKE IUIOCKOCTH Xxy. [Inockas CTpyKTypa MONEKYJIbl ITUIIE-
HA ¥ BEJIMYMHA BAJICHTHBIX YIJIOB, COOTBETCTBYIONINE sp° ~-THOPUIN3ALINH,
MOATBEPKIAEHBI IKCIIEPUMEHTAIIBHO.

sp’-THOPUN3aIMs, KOTOpas OINpEJENseT HANpaBieHHe XUMHUUYECKHX
CBSI3€l B ATWIICHE, UMEET MECTO B JAPYTMX MOJIEKYJIax, 1€ KOOPAUHALH-
OHHOE YMCJIO aTOMa YIJepoja paBHO TPEM, HAIPUMEDP, B MOJIEKYyIax
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0

H s Cl
—c=o H—C_ Cc=o0
H O—H Cl
(hopMabIeru MypaBbHHAs KHCIOTa OKCOXJIOPH]I yIJIepoa
F H;C Cr— .
—c=o —Cc=o0 o 8
F H;C
okcodropu areToH THOXJIOPHU]T YTJIepoa
yriiepoaa

[Tpu oOpazoBanuu Monekyisl keteHa H,C=C=O nepBblii aTOM yTIIepo-
1@ 06pasyer TpH O-CBS3H (sp’-rHOpUAM3aLs), BTOPOil — aBe O-CBA3HU (sp-
rubpuan3zanus). Mosnekyna sisisiercs iocko, ZHCH=123°

H
>r:C:0
H

[1nockoii siBasieTcst U MoJiekya ajiena, ZHCH=117°

H—_ H
—c—c—c_
H H
PaccMoTpuM CTPYKTYpy MOJIEKYJ HEKOTOPBIX COEIMHEHHUM Cepbl U
docdopa.
Monekyna SO, umeer yriaoByio ¢opMmy. BajneHTHBINH yroa cocraBiser

120°. B 4eThIpEXBaJICHTHOM aTOME CEPbl BAJICHTHBIE AJIEKTPOHBI pacipe-
JIeJICHBI TI0 OPOUTAJISIM CIICTYIOIINM 00pa3oM:

p
53% RS

spG T

KoopaunnannonHoe uncio cepbl B SO, paBHO IBYM, aTOM CEpbl 00pa-

3yer JBe O- U JBe T-cBs3u. Ilpu oGpa3oBaHuy G-CBA3EH MPOMCXOIUT Sp -
rudpuIM3aIys, B KOTOPO y4acTBYIOT ABE OAHOSJIEKTPOHHBIE p -OpOUTAIIN
M JIBYX3JIEKTPOHHAs s-opoutanb. Ocu rHOPUIHBIX sp’-opOuTaneil pacro-
JIOKEHBI B OAHOM TuiocKocTH mox yriioMm 180°. JIBe W3 HUX y4acTBYIOT B

oOpa3oBaHUM O-CBSI3€H, TPEThs 3aHsSITa HEMOACIEHHOW mapon. B o6pazo-
BaHUU TI-CBSI3€M y4acTBYET OJIHA p- M OJIHA d-OpOHUTaIh aTOMa CEpPHI.
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Mornekyna SO; umeer (popMmy IIOCKOTO TPEYroJbHUKA. ATOM CEphbI

oOpa3yeT LeCTh KOBAJICHTHBIX CBSI3€d: Tpu O- U Tpu T-cBsi3u. lllectusa-
JIEHTHBINA aTOM CEpbl UMEET LIECTh HECIIAPEHHBIX IEKTPOHOB:

S p d
svesd+-fer 2
sp, o

[Ipu oGpa3zoBaHuu O-CBS3EH MPOUCXOIUT sz-FI/I6pI/II[I/I3aI_II/I$I, 4yTO U
OIpeAeIIsieT TEOMETPUUECKYIO (DOPMY MOJIEKYJIbL:

O

S
/ \
o~ o

B o6pazoBanuu Tt-cBsizeil y4acTByeT OJ[HA p- U JIBE€ d-OpOUTAIIH.
Monekyna POCI; nstuBaneHTHOTO Qocdopa MMeeT MmiITh HECHapeH-
HBIX 3JIEKTPOHOB:

KoopaunanronHoe uncio pochopa B OKCOXJIOpHUIE PABHO YETBIPEM. Mo-

JeKyJla UMEET TeTPaj’IpuuecKyto cTpykTypy. ClieoBarenbHo, YeTblpe O-
CBSA3H 00Pa3yloTCs 3a CUET sp -THOPHUIHBIX OpOUTasIeil. d-opouTany aToMa

dbocdopa 0b6pa3yeT TT-CBSI3b C AaTOMOM KHCIIOPO/Ia:
i
P—CI
c\
Cl

Monekyna SO,Cl; Toxxe XapakTepu3yeTcsl TeTpa’aApuyueckor (OpMOH.
N3 mectn BaJICHTHBIX
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e

sp3,

opOHTalIell aTOMa Cepbl YEThIPE Sp° -THOPHIHBIX OPOUTAIM YYACTBYIOT B

oOpa3oBaHUM G-CBfA3EH, a IBe d-opOuTaiu - B 00pa3oBaHUM . T-CBA3EH C

aTOMaMH KHCJIOPOJa:
0

S—Cl

a N\,

B Ta6n.4 npuBeneHbl MpUMEpPbl T€OMETPUUECKON (HOPMBI MPOCTEUIINX
MOJIEKYJI, COJIEPKALNX KPATHBIE CBS3H.

Tabauna 4
['eomeTpuueckas Gopma MOJICKYJI C KPATHBIMU CBS3SIMH

Yucno Ywmcno He- ['eomerpuueckas

o- NO/IeNIEH- dbopma [Ipumepsr
CBsi3eM  HBIX Map MOJIEKYJIBI
2 0 JIunennas O—C—0, H—C=—= N
3 0 0 0 0
[Tnockuii | | H
TPEYTOJILHUK S C C
o~ Soa a o H
? 1 5 ji
YrnoBas PN AN
0 7S O O - Cl
vl | i
TeTpaBZ[p - S\\i Cl - P\i Cl
Cl 0 Cl o
3 1 TpeyroJibHas _ §—Cl
nupamua 0 \Cl

§ 8. OTKJIOHEeHNs OT NIPABWIbHOI reoMeTpudeckoii Gopmbl
OTKJIOHEHUS MOJIEKYJI OT MPaBWIBHOW TI'€OMETPUYECKOW (DOPMBI, T.€.
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W3MEHEHMS BAJICHTHBIX YIJIOB U JIJIMH CBSI3€H, MOTYT OBITh OOYCJIOBJICHBI
HECKOJbKUMU TPUUYNHAMMU.

Bo-niepBbIX, OTKIIOHEHUS BO3MOKHBI, €CJIM C LEHTPAIBHBIM aTOMOM
CBSI3aHbl Pa3JIMYHbIE aTOMbI WM Tpymibl atomoB. Hanpumep, yrist HCH
B mousiekynax CH;F, CH;Cl, CH;Br u CH;l Gonbiie TeTpa’apUuecKOro
yria, xapaktepHoro s monekyn CH,, CF, CCl, CBry,w Cl, u paBHBI
coorBercTBenHo 110,0°, 110,3°, 110,8° u /7/7,0°. OnHako 31eCh OTKIJIO-
HEHMsI OT MPABUILHON (DOPMBI HE OYCHB BEJIUKH.

Bo-BTOpBIX, OTKIIOHEHHE OT MPABWIBHOM CUMMETPUU BO3MOXKHO KOTJA
Ha BaJIEHTHOM YPOBHE €CTh HE TOJBKO CBSI3bIBA3bIBAIOIIME, HO U HEIMOJE-
JEHHBIE DJIEKTPOHHBIE TApbl. B aTroM ciiydae OTKIIOHEHUSI HECKOJIBKO
6onbie. Hanpumep, B uactuniax NH,', NH;, NH,  yrast HNH ymensmia-
ercs: 109°, 107°,104°. AHanOTMYHO yMEHBIIIAETCS BAaJEHTHBINA yToj B psi-
ny CH,, NH; H,O: 109°, 107°, 105°. B monexyne CH, u B none NH,"
HEMOJICNIEHHBIX Map HET, 3TU YaCTULbI CUMMETPUYHBL. B Monekyne NHj;,
OJIHA HEMNOoJIeNIEHHas mapa, B mosiekysie H,0 u uone NH, - mo JBe HEMo-
JEJIEHHBIX Tapbl. Mbl BUAMM, YTO C YBEJIMYEHHEM YHCIIAa HEMOAECIEHHBIX
Map yBEJIMYMBACTCA OTKJIOHEHHUE BAJCHTHOTO yIJIa OT OXUJIAEMOI0. ITO
OOBSCHSETCSI CIICTYIOITUM 00pa3oM.

OpObuTtany co CBSA3BIBAIOIIMMU IJIEKTPOHHBIMU TTApaMH HAXOJATCS B I10-
Jie IBYX SAJIEp U MO3TOMY BBITSIHYTBl MEXIY CBSA3aHHBIMU aTomMaMu. OHU
0oJiee JIOKaIM30BaHbl, YeM OPOUTAIN C HEMOACIEHHBIMU NapamMu, U 0oJiee

yAajaeHsl APYT OT apyra (puc.25). DHEprus X B3aUMHOTO OTTATKUBAHUS
OTHOCHUTEJIbHO HHU3Ka. YCTAaHOBJEHO, 4YTO

AIIEKTPOCTATUYECKUE B3aMMOJICUCTBHUS OpOH-
TaJel pacrnojaratoTcs IO BEJIMYHHE B Clie-
IYIOIIEM TOPSJIKE: HEMOoJeJIEHHas mapa - He-
NoACNEHHAsA Mmape > HenoAecJIEHHas Iapa -
CBSI3bIBAIONIAS T1apa > CBs3bIBAlOIlas Mapa -
CBSI3bIBAOIIAS napa (cokparteHHo:
HII - HIT >HIT - CII > CII - CII).

B momnexkyne NH; HenonenéHHas mapa OT-
TaJKMBAET OT ceOs CBSI3bIBAIOILIME Mapbl, OHU
COMMKAIOTCSI M BAJIGHTHBIA YTOJI YMEHBIIIACT-
csi. B monexkyne H,O B uone NH, BiusiHUE
JIBYX HEMOJEJIEHHBIX Nap HA BAJICHTHBIN yroJl ?41’02“;5;1 gﬁszecjf:;;f;fiﬁx
CKa3bIBaeTCs emi€ OOoblIIe. THORHOI Ak

B Monekynax ¢ KpaTHBIMU CBSI3SIMH KYJIOHOBCKOE OTTAJIKUBAHUE MEXKITY
JTBOMHBIMH CBSI3SIMU JIETKHO MPEBBINIATh OTTAJIKUBAHUE MEXKIY OpAUHAp-
HbIM CBsI3AMU. J[€HCTBUTENBHO, B MOJIEKYJIaX

C=0
c i

C=0
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1/ ot €0 yribl C/IOCl, HCH v H;COOH; menbiie 120° (cooTBETCT-
BeHHo, 111,3°,118°u 119,6°).

§ 9. JiiuHa KOBAJIECHTHOM CBSI3H

JInHa CBSI3M — 3TO TO PABHOBECHOE PACCTOSHUE MEKY SIPAMHU B MO-
JIEKyJIe, HA KOTOPOM HUCIBIThIBAEMBIEC KAKJIBIM aTOMOM CHJIbI IPUTSKEHUS
YPaBHOBEIIMBAIOTCS CUJIAMU OTTAJIKUBaHUs. [[JIMHA CBS3U ONpeAeIsieTCs B
NIEPBYIO OYEPEAb NPUPOJON COCIUHABIINXCS aTOMOB U 3aBUCHUT TAKXKE OT
XapakTepa OKPYKEHUSI B MHOTOATOMHBIX MOJIEKYJIaX, OT KPaTHOCTH CBSI3U
U OT TUIla rubpuau3anuu. B otaudre ot pasmepa MOJEKYJIbl, IJIMHA CBSI3U
IpeJICTaBIsIET cOO0M (PM3HUECKH CTPOrO OMPEEICHHYIO BETUYUHY U MO-
XKeT OBbITh OIpe/esieHa OMNBITHBIM MyTéM. HamOoublyt0 TOYHOCTH NAéT
CIEKTPOCKOIIMYECKUE METOJ, OCHOBAHHBIM HAa aHAJIM3€ BPALLIATEIbHBIX
CIIEKTPOB MOJIEKYJI. B HacTos1ee BpeMsi U3BECTHBI JJIMHBI CBSA3EHM BO MHO-
rux Mosiekysax. ONbITHBIE JAHHBIE COTJIACYIOTCA C MPEICKa3aHUsIMU TEO-
pun. Tak, yCTaHOBJIEHO, YTO JJIMHBI CBSI3€M A - B B TMHEWHBIX U YTIJIOBBIX
MoJIeKyJlax AB) B IUNIOCKMX TPEYTOJbHBIX MOJEKylax AB; B TeTpa’apu-
YECKUX M OKTa’JpUUECKUX MoJieKylax AB, u ABs.onuHakoBbl. OIHAKO B
TPUTOHAJILHO-OUNMPAMUIATIEHON MOJIEKYJIe JJIMHBI aKCUAJBHBIX M JKBa-
TOPUANIBHBIX CBsi3eil pasnuuHbl. Hanpumep, monexkynsl PCls OHU paBHBI
cooTrBeTcTBeHHO 2,19 1 2,04 A . mst SbCl5-2,43 1231 A .

Ha nnuHy cBs3u B 3HAUUTEIHHOU Mepe BIuUseT TUll rudpuanzanuu. Ha-
MPUMEP, OTIPETIENICHO, TO PACCTOSHIE MEKly aTOMAMH yTIIEPO/Ia, PABHOE
1,54 A , OTHOCHTCS K CBSI3H, OOPA30BaHHON ABYMs Sp -THOPHIHBIME Op-
outansamu. [Tockonpky 2s-opOuTans aToMa yriepoaa UMEeT MEHBIITUN pa-
MYC, YEM MPOTHKEHHOCTh 2p-0pOUTal, CIEAYET 0KM1aTh, UTO C yBEIU-

YEHHUEM S-XapaKTepa CBS3BIBAIONICH OpOUTAM IJIMHA O-CBSI3M JOJDKHA
yMeHbIIaThCsA. BiausHue tuna rubpuanszanuu Ha JiuHy cBsizei C-C MOX-
HO TIPOCJICIUTH MO IAaHHBIM Ta0JI1.5.

W3 uncen, npuBeAEHHBIX B Ta0IUIIE, BUAHO, YTO C IOBBIIIIEHUEM JIOJIH S-
COCTABJIAIONIEH B THOPUIHBIX OPOUTAISIX JIWHA CBS3U JIEUCTBUTEIHBHO
YMEHBIIIAETCS; YBEIMYECHUE KPATHOCTU CBA3U €lIE 00Jiee yMEHbIIAET JJIH-
HY CBSI3H.

Ecnu 3HaueHus 1uH cBsi3ei A-B 0CTalOTCA MOCTOSIHHBIMU B LIETIOM Psi-
JIy MOJIEKYJI WJIA TBEPJBIX COCAUHEHUN C KOBAJICHTHBIMU CBSI3SMU U €CJIU
JUTMHA CBsI3U A -B paBHa cpenHemMy apu(PMETHYECKOMY U3 JJIUH CBsI3eH A-
A n B-B, To atroMaM 4 U B MOXHO NPUNUCATh KOBAJECHTHBIC PagUyCHI.
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CymMma paguycoB J0DKHA OBITh paBHA JJIMHE CBSI3U. Tak, 3a JJIMHY

Tabmumna 5
Binusinue tuna rubpuauzanuu Ha qiuuny C — C cBsazei

Tun rubpu- Jlons s- co- CrpyKTypa o Teopuu J{nuHa cBa3y,
U3allM  CTaBJIAIOLIEN BC 0
A
B O-CBA3H, %
3 3
— 25 N - 1,54
Sp —Sp > C —C S )
3 2
sp” — 8 29 N 7 1,50
P —Sp - C —C L
3
sp” — S 33 . _ 1,46
rer >C—C=
sp’ —sp’ 33 N Z 1,46
, /C - C AN
sp” —sp 40 . 1,42
Sp —Sp 50 o o 1,38
=C —(C =
sp’ —sp’+ 33 N % 1,34
, C—=C <
sp” —sp+m 40 ~ 1,31
SC—C—
sp —sp+m 50 1,28

|
P
h

sp—sp+2m 50 —C=C— 1,20

OpJIMHAPHOW CBSI3U MPUHATO PACCTOAHUE MEXKLy aTOMAMH yrieposia B ajl-
mase, paBuoe ],54 A . Orcroja KOBalCHTHBIM PafuyC yriepoia paBeH
1,54/2 = 0,77 A . Paguyc aroma KpeMmHwus, HaWJICHHBIN U3 pacCTOSIHUS Si-
Si B xpuctamie kpemuus, paseH 1,17A . Paccrosaue Si-C B kapObopyHie
PaBHO CYMMe€ 3THX PaJInyCOB.

KoBasieHTHBIE pajilyca MHOTUX aTOMOB M3BECTHBI, COCTABJIECHbI Ta0JIN-
16l UX BeIUYUH (Ta0I1.6).

Heo6xoammMo NOMHHUTH, YTO KOBAJIEHTHBIN PaJilyC HE CTPOTO MOCTOSIH-
Has BEJIMYMHA, OH MOXKET MEHATHCS MPU MEPEXOJIC OT OJJHOTO COCTUHEHUS
JAHHOTO AJIEMEHTa K APYroMy, Tak Kak Jaxxe HeOOJbIINe U3MEHEHUS B
pacrpeeseHuy 3JIEKTPOHHOM MIIOTHOCTA MOTYT OKa3aTh 3aMETHOE BIIMSI-
HHUE HA JUHY CBs3u. Hanmpumep, mmuHa cBa3u N-H B paznnunbeix coenu-
HEHMSIX MOXKET MEHSATHCS Ha HECKOJILKO MPOIIEHTOB (Ta0:1.7).
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Tabauia 6
KoBasneHnTHbIe pagnychl HEKOTOPBIX aTOMOB, PACCYUTAHHBIE U3

OpAVHAPHBIX CBA3EH

ATtoMm KoBaneHntHsbIl paguyc, x ATtoMm KoBanenTHe1li paguyc, x
C 0,77 0 0,66
Si 1,17 S 1,04
Ge 1,22 Se 1,17
Sn 1,40 Te 1,37
0,70 F 0,64
P 1,10 Cl 0,99
As 1,21 Br 1,14
Sb 1,41 1 1,33
Tabauna 7
Jnvna cBa3u N - H B HEKOTOPBIX COETMHEHUSIX
Coenunenue Jlnuna csizu N — H, K
NH; 1,008
Co(NH,), 1,036
NH, 1,034
HN; 1,02
HNCS 1,013
HNCO 0,99

§10. MoJiekyJibl C HEJIOKAJM30BAHHBIMY CBA3SIMH

JIo cux mop Mbl pacCMaTpUBAIM XUMUYECKUE CBSI3H, OCYIIECTBIISIEMbIC
NyTEM MEPEKPBIBAHUS OJJHOSJIEKTPOHHBIX OpOUTANel BYX B3aWMOJEUCT-
BYIOIIIMX aTOMOB. JTO JBYXAJIEKTPOHHBIE IBYXLIEHTPOBbIC CBA3U. OHU Ha-

41



3bIBAIOTCS JIOKAIM30BAHHBIMH, TaK KaK B MOJIEKYyJIaX C TAKUM TUIIOM CBS-
3el MaKCHUMaJlbHasl JEKTPOJAHAS IUIOTHOCTh JIOKAJIM30BaHA MEXKAY JIBYMS
COCIMHSIONIUMUCS aTOMaMi BaJIeHTHBIN IITPUX B CTPYKTYpHOU hopmyJie
COOTBETCTBYET JIOKAJTM30BAHHOM CBsI3U. OJIHAKO CTPOCHUE MHOTHX MOJIE-
KYJI HEJIb351 OOBSCHUTD, TIOJIb3YSICh MPEJICTABICHUSIMH O JIOKAJIM30BAaHHBIX
CBs34X. B KauecTBe mpumepa pacCMOTPUM MOJIEKYJTy O€H307a.

OKCNEpUMEHTAIBLHO YCTAaHOBJIEHO, 4YTO MOJIEKyJia O€H30J1a HMEET
dbopMy TPaBUIBHOTO TJIOCKOTO MIECTHYTOJbHUKA. [ImoCcKoe cTpoeHue ¢
BAJICHTHBIMU yriiaMu 120° moka3bpIBAaeT, YTO KaXKJbld aTOM YTIJiepoJa CB-
3aH C JIByMsI COCEITHUMM aTOMaMH YTrjepoja U ¢ aTOMOM BOJOpPOJia JIOKa-

JIN30BAHHBIMU O-CBA35IMU, B O6p330BaHI/II/I KOTOPBIX YHAaCTBYIOT TpHU sz—

opbutaku aroma yriepona (puc.26)

VY kaxaoro aroma yriaepo-
J1a OCTAa€TCS HECHApEHHBIN p,
— 3JIEKTPOH, OpOUTANb KO-
TOPOTr0 PacIoJIOKEeHA Mep-
MeHIUKYJISIPHO K TIJIOCKOCTH
O€H30JbHOTO KOJIbIIa. J[Be
COCEJIHUE p, ~-OpOUTAIIA MOTYT
NepEKPhIBATHCA, 00pa3zys TT-
CBSI3b MEXXJIy aTOMaMH; B MO-
JIEKyJIe MOXKET 00pa3oBaThCs
Tpu Tt-cBsA3U. JlaHHAas p, -
opOuTaJb C pAaBHOU BEPOSIT-
HOCTBIO MOXKET 00pa3oBaTh
TT-CBSI3b C OJTHOM M3 COCEIHHUX
P- -OpOUTANICH, TOATOMY PaB-
HOBEPOSITHBI IBE CTPYKTYPhI
OeHzoa:

HC CH HC CH

HC CH HC CH
CH CH

Puc.26. CBsi3u B MOJIeKyJie O€H3071a.

a - obpazoBanue O— CBs3eil;
0, B - BO3MOJKHBIC BapHaHTHI 00pa3oBaHUs

JIOKAJIN30BaHHBIX ﬂ:—CB;I3eI71;
T — HCJIOKAJIN30BaHHAs TI—CBA3b
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OpHako cBolicTBa O€H30J1a HE COOTBETCTBYIOT HU OJTHOM W3 ITHX CTPYK-
Typ: MPOYHOCTh CBSI3EU YIIepoA-yIiiepan B O€H30JbHOM KOJIBIIE OQUHA-
KOBA, JIJTMHA UX Toke oauHakoBa (1,40 A ); oHa OoJibllie JUIMHBI IBOMHOM

CBA3U >C:C<(l 32 A ) ¥ MEHbIIIE 7 Sc—ct

, JUTMHBI OPJIMHAPHOM CBSI3H — N
(1,54 A), 910 1aét BO3ZMOXHOCTh CUUTATh, YTO BCE IIECTh p, -OpOUTanIei
B3aUMOJICUCTBYIOT JIPYT C APYTOM: KaK/Iasi U3 HUX MEPEKPHIBACTCS C JIBY-
Ms COCETHUMHU - p, opouTansimu. [Ipu 3Tom oOpasyercst aBe obaacT mo-
BBIIIICHHOW 3JIEKTPOHHOM TUIOTHOCTH, PACIOJIOKEHHBIC BBIIIE W HUKE

JIOCKOCTU O-CBS3EH.
T-CBSI3M B MOJIEKYJie O€H30J1a OJMHAKOBO CBSI3bIBAIOT BCE YTIIEPOJHBIC

aTOMBI - OHH ABJIIIOTCA HCIOKAJIM30BAHHBIMHU. TI-3JICKTPOHBI UMCIOT BO3-
MOJXHOCTbD IICPCMCIIATHECA BJOJb KOJIbIA YIJICPOJAHBIX aTOMOB.

Takum 06p£130M, B MOJICKYJIC OeH30j1a O-CBSI3M B IIJIOCKOCTH OCH30JIb-

HOTO KOJIbLIA SIBJISIFOTCS JIOKAJIM30BAHHBIMU, & TI-CBSI3H SIBJIIIOTCSI HEJIOKA-
In30BaHHBIMU. CTpyKTypHBIE (DOPMYJIBI C YEPEAYIOIIMMHUCS ABOMHBIMU U
OpJAMHAPHBIMU CBSI3SIMU HE OTPAXKAET JIECKTPOHHOTO CTPOCHUSI MOJICKYJIbI
OeHzona; emy 06oJiee COOTBETCTBYET (hopmyria

CH
HC CH

HC CH
CH

B KOTOPOU IMMyHKTUPOM 0003HAYEHbI HEJIOKAJIN30BaHHBIE TT--CBSI3U.

Henokanu3zoBaHHbIE CBSI3M OCYUIECTBISIOTCS B MOJIEKYJIaX MHOTHUX Op-
raHUYECKUX coeMHEeH. Tak B MoseKyax

CH,=CH—CH=CH,,
CH,=CH—CH=CH—CH=CH,
U Jp., B (hopMyJsiax KOTOPBIX YEPEIyeTCsl OpJAUHAPHBIE U IBOMHBIE CBSI3U
(MX Ha3bIBAIOT MOJIEKYJIAMHM C CONPSKEHHBIMU TJIA3aMH), p,-OpOUTAIU
BCEX aTOMOB YIJIEpOJa MOTYT MEPEKPBHIBATHCA U JIEKTPOHBI MOTYT CBO-
00JIHO MepeMeIaThCs BAOJb YIIEPOIHON LIETH.

AHanorom Oe€H30J1a SIBISIETCS HEOPraHMYECKOE COEAMHEHHE O0opa3oll
B;N;Hs. Monexynbl 60pa3osia u 0eH3oj1a u303JeKTpoHHBL. [Ipu 0b6pasosa-
HHH MOJICKYJIbI G0pa30J1a MPOUCXOMHUT Sp° -THOPHIAN3AIHS BAaICHTHBIX Op-
ouraneil az3oTa u 6opa, npuyéM B aTOME a30Ta B THOPUIM3ALMY TPUHUMA-
€T y4acTHE JIBYXAJICKTPOHHAs s-OpOuTasb, B aToMe O0opa, B arome O6opa —
BaKaHTHAas p-OpOUTAIb.

3a cuéT sp’-rHOPHAHBIX OpOUTAIeH KaXIblil aTOM a30Ta U Gopa oOpasy-
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€T 10 TPH JIOKAJU30BAHHBIX O-CBSI3U : JBE CBSA3U B-N (0J1HAa U3 HUX SIBJIS-
€TCsl JIOHOPHO-aKUENTOPHOM) U oaHy B-H wnu N-H. 3a cuét nepekpbiBa-

HUS p, - opOuTaneit 00pazyroTcsi HEJIOKAM30BaHHBIE TT-CBSI3U:

BH
HN NH

HB BH
NH

Henmokann3oBaHHble TI-CBA3M OCYIIECTBISIOTCS U BO MHOTHX JPYTHX
HEOPraHWYECKUX COCIMHEHUSIX, HAaIPUMEpP, B MOJIEKYJIaX U aHUOHAX He-
KOTOPBIX KUCJIOT.

PaccmoTpuM B KauecTBe IpuMeEpa CTPOCHHE MOJIEKYJIbI a30THON KUCIIO-
Thl. ATOM a30Ta UMEET Ha BAJICHTHOM YPOBHE YEThIpE OPOUTAIH U MO3TO-
My MOET 00pa3oBaTh HE OOJIbIIE YETHIPEX KOBAJIEHTHBIX cBsizeil. OCHO-
BBIBASCh HA 3TOM, CTPYKTYpPY MOJeKyabl HNO; MOXKHO MpEeACTaBUTh Pop-
mysami [ u II, B KOTOpBIX OAWH U3 ATOMOB

XO O— Of]\K\

H o H
SR Fﬁ 50 o
EO O

1 11 17 4

KHCIopo/ia (He CBSI3aHHBIX C aTOMOM BOJIOpOJa), 00pa3yeT ¢ a30TOM JIBOM-
HYIO CBSI3b, @ BTOPOM - OPAUHAPHYIO JOHOPHO-AKIENTOPHYIO CBS3b 34 CUET
HETOJICIEHHON AJIEKTPOHHOM maphl a3ora. B oOpasoBaHuM MOcCHeaHEN
JOJKEH y4acTBOBaTh BO30Y KJIEHHBIN aTOM KUCJIOPO/A:

S P ) P
O 2HH-++ O* 24+ +H+—

Opnaxo ¢opmynsl [ u Il He cormacyroTcsi ¢ ONBITHBIMEU JTaHHBIMU. W3-
MEpEHHs TMOKa3aliM, 4To JJIMHa cBsa3erd N-O onuHakoBa U paBHa 1,21 A
(mmuHa cBsizu N-OH neckonbko 6oubie - 1,41 A). M3BecTHO, KpoMme TOTO,
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9TO BCC aTOMBI KHCJIOpOAa U aTOM a30Ta PACIIOJIOKCHLI B O,Z[HOﬁ IIJIOCKO-

CTH, a yIJIbl MEXIy cBs3siMu Onm3ku k 120°. CrnemoBaTenbHO, O-CBS3U
2 .

MOJIEKYJIe 00pa30BaHbl C YUaCTHEM Sp -THOPUIHBIX OpOUTaNIeil aTomMa a30-

Ta.

Crpykrypa I u Il ominyaercss pacnoyio)KEHUEM HEMOJCIEHHBIX TT-
AEeKTpOoHOB. OJIHA U3 3TUX CTPYKTYP MOXKET MEPEUTH B IPYTyIO B PE3yJib-
TaTE CMENICHUS DJIEKTPOHHBIX IAp, MOKA3aHHOIO U30THYTHIMHU CTPEIIKAMHU
B dopmyie Il u (He0OX0IMMO UMETH B BUY, YTO HEMOICIEHHBIC Maphl U

T-3JEKTPOHBI TOpazno OoJjiee MOABMIKHBI, YeM DJIEKTPOHBI O-CBsI3el. A

ATO 3HAUUT, 4TO MojeKkyJa HNQO; coaepXUT HETOKAIU30BAHHYIOTT-CBSI3b.
JIBa atroMa Kuciaopoja B HEW COBEPIICHHO JKBUBAJICHTHBI, & UX CBS3b C
aTOMOM a30Ta SIBJISIETCSI MPOMEKYTOYHON MEXK]Iy TBOMHOWU U OpJIMHAPHOM.
Crpyktypy Monekyiasl HNO; ynobHee Bcero nzoopaxats Gopmyroi IV.
HccnenoBanusi CTpyKTYpbl HUTPAT-UOHA MOKA3aJIk, YTO OH MMEET IIJI0-
CKYI0 CHMMETPUYHYIO CTPYKTYpY; Bce CBA3M NO XapakTEepU3YIOTCSA AJIH-
Hoi 1,21 A, BasneHTHbIe yribl paBHbl 120°. CinegoBaTenbHO, CTPYKTYPY
nona NO; mpaBuibHee BCEro BeIpaxkaet Gpopmyna [V, u3 KoTopoit BUIHO,

YTO MOHE HCJIIOKAJIM30BaHH M TU-CBsI3b K 3apsi:

O O O B -
[
N N |
7N 2N AN PN
Qe g ¢ o | o o
CXOI[HOG CTPOCHHUEC UMCCT KaD6OHaT—I/IOH
:O O O B 0 2
C C ,
PN PN . AN
0 10 O ‘O 0 0 o O

Bo Bcex ciydasx, Korja pacupeielICHUE CBI3bIBAOIINX JICKTPOHHBIX Iap
B MOJIEKYJIC BEIIECTBA MOYKHO BBIPA3UTh C TIOMOIIBIO ABYX (MJIM HECKOJIb-
KHX) CTPYKTYpHBIX ()OpPMYJI, HA OJIHA W3 HUX HE MPEACTaBIsACT TOYHO pac-
NPEACICHUE DJIEKTPOHOB B PEaJbHOM MOJIEKYJE. B JIEMCTBUTENBRHOCTH
pacmpeiesieHde AJIEKTPOHOB SIBIIACTCS MPOMEXKYTOYHBIM MEXIY H300pa-
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KacMbIMH (bOpMy.TIaMI/I — HMCCT MCCTO HCJIOKAJIN30BaHHAA CBA3b.

§ 11. MouJiekyJibl ¢ 1eUUIMTOM 3JIEKTPOHOB

CylecTByeT MOJIEKYJIbI, B KOTOPBIX KOJHUYECTBO BAJIEHTHBIX AJIEKTPO-
HOB HEJIOCTATOYHO JUIsi 00pa30BaHUS JTOKATM30BAHHBIX JABYXAJICKTPOHHBIX
CBSI3EM MEXKIY aTOMaMHU. TaKWe MOJIEKYJIbI HA3BIBAKOTCS MOJIEKYJIAMH C
Ne(UIUTOM 3JIEKTPOHOB WIH 3JIEKTpoHOAeUIUTHRIMU. [IpencraBuTesns-
MU ATOTO THUIA COCAMHEHUHN SIBISIOTCS O0paHbl (0OPOBOIOPOIHI).

[Ipocreitmme coenureHus: 6opa ¢ Bogopoaom BH;, BoH, v ap. B 00bIU-
HBIX YCJIOBHUSX HE CYIIECTBYIOT. 3TO OOBSCHSCTCS MX KOOPAMHAIIMOHHOU
HEHACHIIIAEMOCThIO: aTOMBI 0Opa UMEIOT Ha BaJICHTHOM YPOBHE IO OJTHOM
BaKaHTHOW OpOUTaIH

H
H H

N\
BO OB—B
H/ \H H/ H

/0N

(BakaHTHast opOUTaNL B cXxeMax o0o3HadyeHa kieTkoil). KoopauHanuon-
HOE€ HaChIllIeHHe aToMa 00pa BO3HHMKAET MPU COCIUHEHUU ITHX HEYCTOM-
YHUBBIX YaCTUIL APYT C APYTOM, HAIIpUMED,

BH3 +BH3 :BZH6

Monekyna agubopana B,Hs uMeeT cocTaB, aHAJIOTMYHBIM MOJIEKYJIE aToMa
3TaHa, HO UX CTPYKTYpPbl HE MOTYT OBITh CXOJHBIMHU, TaK KaK s MOJIEKYJIE
nubopana Bcero 12 BaJeHTHBIX JIEKTPOHOB, TOT/AA Kak AJisi 00pa3oBaHUs
ceMU OOBIYHBIX KOBAJICHTHBIX CBsI3el X HE0OX0aumo 14:

H H
H e n

Crpykrypa n1ubopaHa 10aroe rpeMs Obliaa IpeIMETOM CIIOPOB K 00CY K-
neHuto. B HacTosimiee BpeMs TOYHO YCTAHOBJIEHO SKCHEPUMEHTAIbHBIM
nyTEM, YTO OHA COCTOUT M3 JIBYX HMCKaXEHHBIX TeTpa’ApoB BH, coenu-
HEHHBIX HO pedpy (puc.27). ATombl 00pa U YEThIpE KOHIIEBBIX aTOMa BO-
J0poAa JIeKaT B OJTHOM IJIOCKOCTH, B TO BPEMS Kak JIBAa LIECHTPAJIbHbIX WX
"MOCTHKOBBIX" aTOMa BOAOPOJA JIEKAT BBIIIE U HUKE ITON TIIOCKOCTH.

Jliis oObsicHeHus1 0Opa3oBaHusl CBsi3el B 1MOOpaHe XMUMHUKAM MPUIILIOCH
pacUIMpUTh CBOM TMPEJCTaBlIeHUs 00 0Opa30BaHUM XHMHYECKOW CBSI3H.
CymTaroT, 4TO YeThIpe aTOMa BOJOPOJA CBSI3aHBI C aToMaMu O6opa OObIY-
HbIMU  (JIOKQJM30BAaHHBIMU  JBYXAJEKTPOHHBIMU  JIBYXIEHTPOBBIMH).
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Puc.27. CtpoeHue MoJieKyJibl JubopaHa

KOBAJICHTHBIMU CBSI3sIMU  Kax bl MOCTUKOBBIN aTOM BOJopoaa oOpasyer
C ABYMsI aToMaMu 0opa JI3BYX3JIEKTPOHHYIO TPEXLIEHTPOBYIO cBsizb B-H-
B. TpexueHTpoBasi CBsi3b BO3HUKAET B pE3yJbTaTe MEPEKPbIBAHUS ABYX
Sp’-rHOPHAHBIX opOuTalieil aTOMOB 6opa (II0 OHOM OT KAKIOr0 aToMa) C
s-opbutaneio atoma Bogopoja (puc. 88). B oOpazoBanuu TpEXIEHTPOBOM
CBSI3U YYaCTBYET BaKaHTHas

Puc.28. TpéxneHTpoBsie OpOUTAIN B MOJIEKYJIe TuOOpaHa

opOuTaTh OJTHOTO aToMa OOpa OJHOAJIEKTPOHHASI OPOUTAIH BTOPOTO aToMa
00pa U OJTHORJIEKTPOHHAsI OpOUTANIb aTOMa BojiopoAa. Takum oOpa3oM Tpu
aToMa COEIUHSIIOTCS JPYT C APYTOM C MOMOIIBI0 0OOOIIECTBICHUS JIBYX
AJIEKTPOHOB.

Bomopoaabsie MOCTHKH 00pa3yloTcs U B MOJIEKYJIaX BBICHIUX OOpPaHOB U
B MOJICKYJIaX HEKOTOPBIX JPYTUX THAPHUAOB (B TOM YHCIIC U CMEIIAHHBIX.
Tak B Terpabopane B,H;) COAEPKUTCS YETHIPE TPEXIICHTPOBLIE CBS3H, B
nentabopane BsHy 37EKTPOHBI I€IOKAIM30BaHbI B €IE OOJbIIEH CTENEHU
U 00pa3yIoT JABE TPEXIICHTPOBBIC U OAHY MATUIICHTPOBYIO CBS3b; MOJIEKY-
na 6oporunpuaa antomunus A/(BH,); cOOepKUT TPEXIIEHTPOBBIE CBSI3U B-
H-Al, a tBépawiii runpun amomunus (AIH;), coctour m3 O0ECKOHEUHBIX

CJIOEB, CBSI3aHHBIX BOJIOPOJHBIMU MOocTUKaMu Al — H — Al.
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Coenunenust ¢ Ae(UIIMTOM 3JIEKTPOHOB SIBJIAIOTCS aKIENTOPAMU SJIEK-
TpOHOB. [IpucoennHsss 3NEKTPOHBI, OHU MPEBPAIIAOTCS B COCAUHECHUS C
OOBIYHBIMU KOBaJICHTHBIMHU CBsi3siMU. Hampumep, OopaHbl, B3aMOIEHCT-
Bys CO HIEJIOYHBIMA MeETaJlJIaMU, TPEBpaIlaloTcs B OOpaHAThl, KOTOPHIC
COJIEPKAT KOMILJIEKCHBIE aHUOHBI C OOBIYHBIMU JIBYXLIEHTPOBBIMU JIBYX-
DJICEKTPOHHBIMH CBSI3SIMMU:

2K + BQH6 = KZBZH6

P 27
K+ H H
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III. MOJIAIPHOCTh KOBAJIEHTHOM CBS3U

§ 1. HHoasspHOCTH CBA3MU

KoBasieHTHast CBsI3b MEXKy aTOMaMU B MOJIEKYJIax OOyCJIOBJIEHA HaJIM-
YHEeM OJIHOM MJIM HECKOJIbKMX OOIIMX 3JEKTPOHHBIX map. Eciu cBs3b ocy-
HIECTBJISIETCS. MEXKJy aTOMaMH OJIHOTO M TOTO K€ 3JIEMEHTa, TO 00JacTh
MaKCUMaJIbHOW 3JIEKTPOHHOM TVIOTHOCTH PACIOIAraeTCsl CAMMETPUYHO T10
OTHOIIICHHIO K sipaM 00OMX aTOMOB - 00IIasi mapa 3JIEeKTPOHOB OJMHAKO-
BO MPUHAMISKUT 000uM aTtomMaM. KoBasieHTHasi CBSA3b, OCYLIECTBIsIeMast
oO011Iel 2JIEKTPOHHOM Tapoi, B paBHOW Mepe MpHHAIeKaIIe 000uM co-
EAMHSIOMMCS aTOMaM, Ha3bIBaeTCsl HEMOJIIpHOM. Ecim e coennHsaroTcs
aTOMBI Pa3JIUYHBIX DJIEMEHTOB, TO O0pa3yeTcsl JIEKTPOHHOE O0JaKo He-
CUMMETPUYHOE TI0 OTHOILIEHUI0 K oOouM atomam. 0OIiasi 3yieKTpOHHAs
napa Kak Obl CMemnaeTcsi B CTOPOHY 0o0jiee AJIEKTPOOTPUILIATEIbHOTO aTo-
Ma. KoBajieHTHasi CBA3b OCYILECTBISIETCA OOIIEH 3JIEKTPOHHOW Mapoi,
CUMMETPUYHO PACIIOJIOKEHHON B TOJie 000MX siiep, Ha3bIBACTCS MOJISIP-
HOMU.

HaunGosiee BaxHOUW XapaKTEPUCTHKON MOJSIPHOW CBSI3HM SIBIISICTCS CTe-
MeHb ACUMMETPHHU PACIIOIOKEHUS 00IIIeH 3JIeKTpOoHHOM mapbl. OHa ompe-
NEeNsIeTCsl, B IEPBYIO OYEpElb, pPa3IMuUEM B 3JIEKTPOOTPHULIATEIHHOCTU
ayieMeHTOB. UeM OoJibliie pa3inyue, TeM MEHEee CUMMETPUYHO pacriojara-
eTCsl BJIEKTPOHHOE 00JIAKO U TeM MoJisipHee CBs3b. [losgpHOCTh CBsI3M 3a-
BUCUT U OT BAJCHTHOTO COOTHOIICHUS aTOMOB, MEXIY KOTOPBIMU 00pa3y-
ercst cBs3b. Hanpumep, B okcuze cepbl ( SO, u SO; ) 0HA HEOAMHAKOBA.
[TonstpHOCTB CBSI3U MEXKAY IBYMsI aTOMaMH B U3BECTHOM CTENIEHU 3aBUCUT
U OT TOro, C KAKUMHU JPYTMMHU aTOMaMu OHHU CBsi3aHbl. Hampumep, cBA3b
Mexay nByMs aromamu yrieponaa C-C, cama no ceOe HemnossipHasi, B MO-
nexyne CI;C-CH; obnagaeT B OOJIBIION MOJIIPHOCTHIO. DTO OOBSICHSACTCS
Tem, 4ro B Mojekyiae CI[;C-CH; oauH W3 aTOMOB yTJiepoja CBSI3aH C
CWJIBHO 3JIEKTPOOTPULIATEIbHBIMU aroMaMu xjopa. OHHU OTTATHMBAIOT
AJIEKTPOHHBIE Mapbl, CBSI3BIBAIOIINE WX C YriaepoAaHbiM atomoM. Ilocnen-
HUM CTaHOBUTCA 00Jiee IEKTPOOTPULIATENIbHBIM, IIO3TOMY K HEMY OTTSTH-
BaeTCs dJEKTPOHHAs Mapa, CBSA3bIBAIOIIAS €0 C APYTUM aTOMOM YTIIEpoa.
D70 B CBOIO o4epenb BiuseT U Ha cBs3b C -H yxe 3HaunTensHO ciadee.

CoryiacHO COBPEMEHHBIM MPEJCTABICHUSM XUMHYECKasi CBSI3b MEXKIY
aTOMaMH JByX Pa3JIM4YHbIX JIEMEHTOB BCErJa UMEET MOJSPHBIA XapaKTep.
Ecnu ob6mias anekTpoHHast mapa octaércsi B cdepe MPUTSHKEHUs 000ux
aTOMHBIX Siiep, TO BO3HUKACT MOJSpHas KOBaJEHTHas CBsi3b. Ecim ke
ANIEKTPOHHAS Tapa JIOKAJU3yeTcsl Y OJHOrO0 M3 aTOMOB, TO 00pa3yroTcs
MOHBI, CTSYKEHUE KOTOPBIX MPUBOJUT K 00OPA30BAHUIO OJTHOM CBSI3H.
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§ 2. IloHsiTHe 0 CTENEHU OKHUCJIEHNS

B xumudeckoil npakTUKe 4acTO BO3ZHUKAET HEOOXOAUMOCTD OLEHUTD OT-
HOCHUTEJIBHYIO 3apsSJHOCTh aTOMa B KOBAJEHTHOM COEIWHEHUH, BbI3BaH-
HYIO0 CMEIIEHUEM JJIEKTPOHHOM Mapbl B CTOPOHY Sipa OJAHOTO U3 aTOMOB.
[ToaToMy Kk aTomam, CBSI3aHHBIM MOJIIPHOM KOBAJEHTHOW CBSI3bIO, CTalu
NPUMEHSTh MOHATUE O MOJOKUTEIBHON U OTPUIIATENIbHOW BaJICHTHOCTHU
(271eKTpOBaJEHTHOCTH). BalleHTHOCTh 3J€MEHTa CYUTAIM I0JOKUTEIb-
HOM, €CJI OH HAXOJUTCS B COEAMHEHUU ¢ 00JIee OTPUILIATEIILHBIM 3JIEMEH-
TOM, U OTPUIIATEIHLHOW, €CIM OH caM SsIBIsieTCsl OoJyiee DJIEKTPOOTPHIIA-
TeabHbIM. OIHAKO B MOCTEAHEE BPEMSI BMECTO 3JIEKTPOBAJICHTHOCTHU 3Jie-
MEHT Yallle XapaKTepU3yIOT CTETIEHbIO OKUCIICHUS.

[Tox cTEneHpr0 OKUCIEHHS MIOHUMAKOT JIEKTPUYECKUM 3apsil, KOTOPbIA
BO3HUK ObI Ha aTOME, €CJIM OBl ANEKTPOHHBIE MAPhl, KOTOPHIMU OH CBSI3aH C
JIPYTUMU aTOMaMH B MOJIEKYJI€, OJHOCThIO CMECTHIIMCH B CTOPOHY OoJiee
ANEKTPOOTPULATENBHBIX aTOMOB (AJIEKTPOHHAS Napa, CBA3BIBAIOIIAS OAU-
HAKOBbIE aTOMBI, JenuTcs nomojam). Cymma cTeneHed OKUCIEHUS BCeX
aTOMOB B MOJIEKYJIE paBHA HYJIIO.

B Monekyne m000ro mpocToro BemiecTBa (T.€. JIeMEHTa B CBOOOJHOM
BUJIE) KaXIbId aTOM UMEET CTENEHb OKUCIEHUS, paBHYIO HyJ0. CTeneHb
OKHUCJIEHUSI OJIHOATOMHOTO MOHAa B BEILIECTBE, MMEIOIIEM HOHHOE CTPOE-
HUE, paBHa ero 3apsay. CTeneHb OKUCIEHHS aTOMa 3JIEMEHTa B COEJIMHE-
HUU C HEU3BECTHOUW CTPYKTYpOU OIEHMBAIOT OOBIYHO MO CTEHEHSIM OKHC-
JI€HUs aTOMOB JAPYIMX 3JEMEHTOB. IIpy 3TOM y4MTBIBAIOT, 4TO CTEINEHb
OKHUCJIEHUSI aTOMOB HauOoJiee 3JIEKTPOOTPUIIATEIHHOTO 3JIEMEHTa - PTopa
BCErJa OTPULIATENIbHA U paBHA -1; aTOM KHCIIOpPOJa BCETa UMEET CTENEHb
OKHUCJIEHHS -2 (KpOME COEIMHEHU ero ¢ (PTOPOM U MEPEKUCHBIX COEIUHE-
HUI), BOJOPOAY B COEIMHEHMSIX C HEMETAINIAMU IPUIHUCHIBAIOT CTENEHb
okucieHus +1.

PaccMOTpuM CTENEHU OKUCIIEHHSI aTOMOB CEPbl B HEKOTOPBIX €€ coeau-
HeHusax. B monekyne cepHoro anruapuaa SO; oO01IMe 3JIeKTPOHHBIE apbl
CMEUIEHbl B CTOPOHY aTOMOB 00Jiee 3JIEKTPOOTPULIATEILHOTO 3JIEMEHTA -
KHUCJIOPO/Ia; CTENEHb OKUCIIECHUSI KUCIIOPOJa -2, CTENEHb OKUCIICHUS! CEPbl
+6. B monexyne xjopuaa cepsl SCI, oOIiue 31eKTpOHHbIE Taphl CMelle-
Hbl K aTOMaM XJIOpa; XJIOp XapaKTepHU3yeTcsl CTENEHbIO0 OKHUCIEeHHS -1, a
cepa +2. B momnekyne cepoBogopona H,S oOue 31eKTpOHHbIE MHaphbl
CMEILEHBI K aTOMY CEpBbI; CTEIIEHb OKUCIIEHHS BoAgopoaa +1, a cepsl -2.

B Mosekynax HEKOTOPBIX COEIMHEHHMH CBSI3M MEXIAY aTOMaMH MOTYT
ObITh U MOJSPHBIMH W HEMOJIAPHBIMU, MOTOMY YHUCJIOBbIC 3HAYEHUS Ba-
JIEHTHOCTH U CTENEHU OKHUCJIEHHUS MOTyT He coBnajaTts. Hanpumep, B Mo-
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nekyne nepekucu Bogopoga H - 0 - 0 - H mexny aromamu Kuciopoja
CBSI3b HEIOJISIPHASL, @ MEXKY aTOMaMU BOJAOPOAA U KHCIOPOJA - MOJISIpHAs.
BaneHTHOCTh KHCIIOpPOJa B 3TOM COEIMHEHUM DaBHA JBYM, a CTEIEHb
OKHcieHus paBHa —1. B Monekyne ruapasuna H H

BAJICHTHOCTh a30Ta PaBHA TPEM, a CTENIEHb OKUCJIEHUS -2.

[Tockonbky MoHsATHE "CTENEHb OKUCIECHUS'" MPUMEHSETCS K aToMaM BO
BCEX COCIMHEHUSX, HAXE B COCIUHEHUSAX C HEU3BECTHOM CTPYKTYpPOU,
OYEBUHO, YTO OHO SIBJISIETCS 10 HEKOTOPOU cTerneHu (popMalibHbIM U He
MOXET OXapaKTEPHU30BaATh JCHCTBUTEIBHOE COCTOSIHUE aTOMOB. Tak, XJjop
B HCI un B NaCl xapakTepusyeTcsi CTENEHbIO OKHCIECHUS -1, Torga Kak
3¢ (deKTUBHBIA 3aps] aToMa XJopa B ATUX COEAUMHEHUSX pa3IMuYeH U
MEHbIIIE eAuHuLBl. HecMoTpss Ha 3TO, NMOHATHE O CTENEHU OKHUCIIEHUS
OYEHb MOJIE3HO U yA00HO MPHU PACCMOTPEHUH OKUCIUTEIHHO-BOCCTAHOBHU-
TEJNBbHBIX MPOLIECCOB U MPHU KIAaCCU(PUKALMU PA3TUYHBIX BEIIECTB.

N3yuaB cBoicTBa coeAMHEHUN OOIBIIMHCTBA 3JIEMEHTOB, JIETKO yOe-
JUTHCSI B TOM, YTO BbICIIAs MOJIOKUTENbHAS CTEIIEHb OKUCIICHUS 2JIEMEHTA
B €r0 COCIMHEHUSAX PaBHA HOMEPY TPYIIIbl NEPUOJANYECKON CHUCTEMBI, K
KOTOPOMl OTHOCHUTCSI JaHHBIN 37eMeHT. CyMMa BBbICHIEH W HMU3IIEH CTere-
HEl OKHUCIICHUS JIJIi HEKOTOPBIX 3JIEMEHTOB paBHA BOoChbMHU. Takum obOpa-
30M, BBICIIASI CTENEHb OKUCIICHHS OTPAXaeT MEPUOAUYHOCTh U3MEHEHUS
XUMHYECKUX CBOMCTB 3JIEMEHTOB C POCTOM MX IOPSIKOBOTO HOMEpA.

§ 3. HoJusipHble M HEMOJASIMME MOJIEKYJIbI

B n11060#1 Mosiekysie UMEIOTCS MOJOXKUTEIBHO W OTPULATENIBHO 3apsi-
YKEHHbIC 4YacTUIIbl (sipa M 3JIeKTpoHbl). /[ Kaxkmoro poaa dactul (WM
3apsiI0B) MOXKHO HAWTHU TaKyl TOUYKY, KOTOpas SIBJISIETCS Kak Obl "3JIek-
TPUUYECKUM LIEHTPOM TSKECTU". DTU TOUKU HA3BIBAIOTCS MOJKOCAMH MOJIe-
KyJbl. Ecii B MOJieKyJie 3JeKTPUUECKHE IEHTPHI TSKECTU TOJIOKHUTEIb-
HBIX U OTPULATEIbHBIX 3aps0B COBMAAAIOT, TO MOJIEKYJIA SIBJIAETCS HETO-
JIIPHOU.

K HenonsipHbIM OTHOCATCS MOJIEKYJbI TUNA A(Lis, Na,, Cu, Cl,, H,, O,
N, u 1p.), YUCTIO KOTOPBIX OTPAHUYCHO YHCIIOM BHOB aTOMOB; MOJIEKYJIbI
tuna A, (P4 Sg 1 Ip.) 1 cuMMeTpuuHble MoJieKyJibl Tunia CO,, CS,, SO;,
CCZ4, SiH4, C5H6 u I[p)

Ecnu monexkyna nmocrpoeHa HECUMMETPUYHO ,TO BCJIEACTBUE HEPABHO-
MEpPHOT'O PACTHpPENCIICHHS TOJOKUTEIBHBIX M OTPUIATEIBHBIX 3apsI0B
BHYTPH MOJIEKYJIbl X DJICKTPUUYECKHUE LEHTPHI TSHKECTH HE COBIAJAIOT U
MOJIEKYJIa SIBJISIETCS MOJSApHON. K MOJISIpHBIM OTHOCSITCS JTIOOBIE MOJICKY-
761 TUTIA AB ™ (Tak KaK UX aTOMbI UMEIOT Pa3IudHYIO JIEKTPOOTPHUIIATEIIh-
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HOCTh) U cocTaBa A, By, Ipu yClIOBUM aCHMMETPUHU UX CTPOEHUS.
[Tonstpable MOJIEKYJIBI MIPEACTaBIsET cO00M numnonu. Jlunosiem Ha3biBa-
€TCsl CUCTEMA, B KOTOPON MUMEETCS JABa IEKTPUUECKUX 3apsAaa (Ba MOJI0-
ca) paBHBIX MO BEJIMYMHE, HO MPOTUBOMOJIOKHBIX 1O 3HAKY, PACIIOI0KEH-
HbIX Ha HEKOTOPOM PACCTOSIHUM APYr OT Apyra. PaccrosHue Mexay mo-
JIFOCAMM JTUIIOJIST HA3bIBACTCA JUIMHOM JUIIONA. JIMMHa IUmoiis XapakTepu-
3y€T CTENEHb IMOJSIPHOCTA MOJEKYJbl: YeM OOJbIIE JJIMHA JUIOJIS, TEM
Oonee nonsipHa Mosiekyna. [IpousBeneHue NIMHBI JUNONSA [ HA BEIUYUHY

3apsijia MoJroca e Ha3bIBaeTCs JUIMOILHBIM MOMEHTOM LU
u=le.

Kak u nnuHa Aunosis, AUNOJbHBIA MOMEHT XapaKTepU3yeT MOJIIPHOCTh
MOJIEKYJIbI. JITMHa JUIOoJis UMEET BEJIMUMHY TOTO )K€ MOpsAJiKa, YTO U pa3-
Mep Monekyin, T.e. 10° cm; 3apsn momoca — BeIMUMHY HOpSIKA 3apsa
snexrpona (4,8%107'%— . cr. ex.). [109TOMY AMMOIBHBIN MOMEHT XapaK-
Tepu3yeTcs BemurHOi 107" 371, CT. e1.6cM, KOTOpas IPHHATA 32 €NHUILY
IUTNOJIBHBIX MOMEHTOB. OHa oOo3Haudaercsi OykBoi D W Ha3bIBaeTCs JIH-
[10JIEM IO UMEHU TOJUIaHJCKOTO yueHoro [lebast.

JIMnoJIbHBIE MOMEHT MpEACTaBisieT COOOM BEKTOPHYIO (T.€. Hampas-
JICHHYI0) BEJIIMYMHY. DTO OTMEYAlOT, yKa3blBas HAMpaBJICHHE BEKTOpA:
H =<=Cl, (CyuTaroT, 4T0 BEKTOp HAIPaBJICH OT OTPUIATEIHLHOIO MOJIIOCA K
noyioxkuTebHOMY). Ha aromax, CBsI3aHHBIX MOJISIPHON CBSI3bIO, MOSIBIISET-
Csl AJIEKTPUUECKUI 3apsijl, KOTOPBIM ONpenesseTcss aCMMMETPUEN pacrpe-
JIEJICHUS JEKTPOHHOM TUIOTHOCTH. DTOT 3apsiji, Ha3bIiBaeMblil d(hPeKTrB-
HBIM 3apSJIOM O, MOXKET OBITh ONPE/IEIICH OIMBITHBIM MyTEM; Ha OCHOBaHUU
U3YUYEHUSl ONTUYECKUX CIEKTPOB IMOTJIOLICHHS, PEHTTEHOBCKUX CIEKTPOB
U T.J.

O¢ddexTuBHBIC 3apsiibl ATOMOB B MOJISIPHBIX MOJIEKyJIaX MEHbIIE, YeM
AJIEMEHTAPHBIN 3JIEKTpUUYECKU 3apsa. Hanpumep, onbITHBIM IyTEM ycCTa-
HOBJIEHO, 4TO PACCTOSHUE MEK/TY IByMS aTOMaMH B MOJIEKYIe razooopas-
HOT'O XJIOPUCTOTO BOJopoja paBHO 1,27 A . Eciu Obl MOJIeKyJia cocTosia
13 noHoB H' u CI~, To €& IUTONbHBIA MOMEHT ObLI GBI paBeH

w=127%10"* 4,8¥10"'° = 6,09%*10'® o11. ct. ex. x cm =6,09D.
DKCNEPUMEHTAIBHO YCTAaHOBJIEHO, UTO JUIOIBHBIA MOMEHT Uy =1,03D.
Otcrona cnenyet, yto Mojiekyna HC/ cocToUT HE U3 MOHOB, a U3 KOBa-
JIEHTHO CBsI3aHHBIX aTOMOB H u C/ 3¢ (heKTUBHBIN 3apsi] KOTOPIX

S=+ 1,03

=40,17 (B eIMHUIIAX 3aps/Ia JICKTPOHA)

2

DTO MOXKHO OTOOPa3UTh TaK:

40,17 -0,17

H - CI wm H—Cl. 6=%0.17
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Heobxoaumo pasznuyaTh AUNOJIBHBI MOMEHT OTAEIBHOW CBSI3U U JM-
MOJIbHBI MOMEHT MOJIEKYJIbI B LEJIOM. {151 TByXaTOMHOW MOJIEKYJIbI 3TH
JIBa MOHSATHS COBIAJAIOT; €CJIM JBa aTOMa B MOJIEKYJIE CBSI3aHbI MOJSP-
HOM CBSI3bIO, TO Takas MOJIEKyJa siBisieTcst aumoneM. [loaspHOCTh MHO-
rOaTOMHOM MOJIEKYJIbI, B KOTOPON UMEETCS TOJIBKO OJIHA MOJISIPHASI CBS3b,
ONPENENAETCS MOJSIPHOCTBIO CBSI3U 3TOM CBsI3U. [Ipn Hammmuum B MOJIEKY-
J€ IBYX WIM HECKOJBKHUX MOJSPHBIX CBSI3€M MOJIIPHOCTH MOJEKYJbI B
L[EJIOM 3aBHUCHUT KaK OT CTEIIEHH MOJISIPHOCTH OTHAEJIbHBIX CBS3€H, TAK U OT
OTHOCUTEJILHOTO PACTIOJI0KEHUS 3TUX CBSI3€l B MOJIEKYJIE.

JIATIONBbHBIT MOMEHT MHOTOATOMHOW MOJIEKYJIBI MOXHO CYUTATh paB-
HBIM BEKTOPHOM CyMMe JMIOIBHBIX MOMEHTOB, BCEX CBs3€H (MpeHedperast
UX B3aUMHBIM BIIUSHHUEM). MOMEHTHI OT/ACIIBHBIX CBSI3€HM B MOJIEKYJE MO-
I'yT JIuOO yCUIIMBATH, JINOO KOMIIEHCUPOBATh ApyT Apyra. Hanpumep, nu-
HelHble MoeKybl AB,( BeCl,, CO,, CS,u 1p.) HE MOJSIPHBI, TaK KaK JIU-
NOJIbHbIE MOMEHTBI CBA3€H HANpPaBJIEHbl B HUX TOYHO B MPOTHBOIOJIOXK-
HbIE CTOPOHBI U KOMIICHCUPYIOTCSI HE3ABUCUMO OT UX 3HA4eHUU. MoJieky-
Jbl ke AB, ¢ yrinosou crpykrypoit (H>O0, SO,, Cl,0 u ap.) SBASOTCS TO-
asipabiMu (puc.29). Monekyibl AB3, B KOTOPBIX aTOM A pacrojioKeH B

Puc.29. I'eomeTpruyeckoe CokKEHUE UITOJIbHBIX MOMEHTOB CBSI3€M1

IIEHTPE PAaBHOCTOPOHHETO TPEYroJIbHUKA, a aTOMBI B - B €ro BepmmuHax (
BF; SO; u np.), SBASIOTCS HEMOJIAPHBIMU, TaK KakK HEHTPHI TSKECTU TO-
JIOKUTENIBHBIX K OTPUIATENIBHBIX 3aps/I0B B HUX cOBHanaroT. Ho Moneky-
Jbl ABj3, umeroniue nupamugaibHoe crpoenue ( NH;, NF; u ap.), SBASIOT-
Csl MMOJIAPHBIMU.

JIMTIOJIbHBIE MOMEHT MOJIEKYJIBI MOYKET OBITh OINPEICIICH IKCIIEPUMEH-
TAJIbHO MYTEM HM3MEPEHUS JTUDJICKTPUUECKONW MPOHUIIAEMOCTH BEIIECTBA
Ipu pa3auyusix Temieparypax. OnpeneneHue IUMOILHOIO MOMEHTa IO-
3BOJISIET CACNATh 3aKIIOYEHHUE O XapaKTepe XMUMHUYECKOU CBSI3HM (MOHHAas,
MOJISIpHAS, HETIOJISIpHAsi) B O TEOMETPUUECKON CTPYKTYype MOJEKYbI. Jlis
ONPENEIICHUs] CTPOCHUSI MOJIEKYJIbl BBIYMCISAIOT IO MPaBUIY CIOXKEHUS
BEKTOPOB JIUMOJIbHBIA MOMEHT JUIsl Pa3JIMYHBIX MOJIEJICH 3TOM MOJIEKYJIBI.
[IpaBUIbHOM CUUTAIOT Ty MOJIEJIb, 1JI1 KOTOPOW BBIUMCICHHOE 3HAYCHUE (U
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HanOoJIee OJIM3KO K IKCIIEPUMECHTATLHOMY .

JIMToJIbHBIE MOMEHTBI OOJIBIIIOTO YHCJIA Pa3JIMYHBIX MOJICKYJI OIpejie-
JICHBI OIBITHBIM IyTeM. 3HAYCHHUS WX JUISI HEKOTOPBIX MOJICKYJ JaHBI B
Ta01.8.

Tabauna 8
JIUTIOIbHBIE MOMEHTBI HEKOTOPBIX MOJIEKYJI

Mousnekyna u, D Mousekyna u, D
NO 0,16 H,S 0,93
CcO 0,11 SO, 1,61
HF 1,98 H,0; 2,01
HCI 1,03 NH; 1,46
HBr 0,78 PH; 0,55
HI 0,38 AsH; 0,16
H,0 1,84 AsF; 2,60
HCN 2,90 AsCl; 2,17
ClO, 1,69 AsBr; 1,63
CL,0 0,78 Asl; 0,96

Ecnu B atome, BXoasiieM B cOCTaB MOJIEKYJIbI, HA. THOPUIHONW opOUTa-
JIM UMEETCS HETIOEIEHHAS JIEKTPOHHAS 1Mapa, TO HEHTP TKECTU €€ dIIeK-
TPOHHOTO 00JIaKa HE COBMAJAET C AIPOM aromMa. ITO NIPUBOJUT K BO3HUK-
HOBHHUIO COOCTBEHHOT'O JUIOJILHOTO MOMEHTA aTOMa, KOTOPBIA BIUAET Ha
BEJIMYMHY JUIOJIBHOTO MOMEHTA BCEM MOJIEKYJibl. MIHTEpECHBIM INpuMe-
POM B aTOM OTHOILIEHUH SIBJIAIOTCS MOJIEKYJIbl aMMHUaKka U Topua a3oTa.
O6e MOJEeKyJIbl UMEIOT MUPAMUAAIBbHYI0 (JOPMY € TPUOIU3UTEIBHO OJU-
HAaKOBBIMU BAJICHTHBIMU YIJIAMH, HO JUIOJIbHBIE MOMEHTHI MX CHJIBHO
OTJINYAIOTCS:

Unis =1.46 D, Unrs =02 D

OTO KaxeTcs Ha TEpPBbIM B3IV YAUBUTEIbHBIM, TaK KakK pPa3HOCTHU
aneKkTpooTrpuraresnbHocted N u F, a takxxe N u H npuMepHO OJMHAKOBBI.
Banentnsie yrabel B Monekysnax NH; u NF'; yka3pIBatoT Ha TO, YTO B 3TUX
MOJIEKYyJIlaX y aTOMOB a30Ta B 3HAYUTEJBHOW CTEIEHU MPOUCXOJUT sp3 -
ruOpuu3anms ¢ y4acTUeM HemnmojaenEéHHoW mapel. Hemomenénuas siek-
TPOHHAs IMapa BbI3BIBAET MOSIBJICHUE Y aToMa a30Ta aunoiisi. B monekyJie
aMMHMaKa JIUMNoJM cBsized N — H yCUIIMBAIOT BIMSIHHE HEMOACIEHHOW Ta-
pbI, Y€M U OOBSICHSACTCS 3HAYUTEIbHBIN JUIIOIBHBIH MOMEHT aMMHaka. B
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MoJiekyse NF'; TUNOJIbHbIE MOMEHTBI CBA3€U N — F' KOMIIEHCUPYIOT BJIMSI-
HUE HEAOJENEHHON Maphl, U MOJIEKyJda UMEET OYE€Hb HEOOJIION MOMEHT
(puc.30). Touno Tak >xe oOBsICHSIETCS OOJBIIIOE pa3INune AUMOIbHBIX MO-
MEHTOB MOJIEKYJ BOJbI

(U=1.84D) wu OF,(u=03D)

Puc.30
Bxutaibl 35IEKTPOHHBIX TIAp B AUIOJIBHBIE MOMEHTBI MOJIEKYT NH; u NFj.

JIATIOBHBIT MOMEHT MOJIEKYJ HEOPTaHUYECKUX COCAUHEHUM CXOIHBIX
[0 COCTaBy, 3aKOHOMEPHO CBSI3aHBbI C IOJIO)KEHUEM COOTBETCTBYIOLIUX
AJIEMEHTOB B IIEPUOANYECKOUN CUCTEME.

§ 4.. Hoasipuzauus MoJIeKYJI

BHeliHee aeKTpUYecKoe MoJie BIUSET Ha BHYTPEHHIOK CTPYKTYPY MO-
JIEKYJ1, a CJIEI0OBAaTEIbHO, M HA UX CBOMCTBA. B yacTHOCTH, MO AEHCTBHEM
BHEIIHEro MoJisi Oiaroiapsi CMEIICHUIO AJIEKTPOHHOW OOOJOYKU U sliep
aTOMOB JIpYTI' OTHOCUTEJBHO JIpyTa HEMOJSIPHBIE MOJIEKYJIBI MOTYT Ha Bpe-
Msl IPEBPATUTCA B TOJIIPHBIE. DTO SIBJIEHUE HOCUT HAa3BaHUE NOJISIpU3AILUU
MOJIEKYJ. BO3HUKIIMI UIOJb HA3bIBAETCS HABEAEHHBIM WJIM WHIYLUPO-
BaHHBIM BO3HMKHOBEHHME JUIOJIBHOIO MOMEHTA B HEMOJSPHOM MOJIEKYJIE
HENOCPEACTBEHHO CBSI3aHO C €€ JedopMaluei, T.e. C OTKIIOHEHUEM OT ycC-
TOWYHMBOM BHYTPEHHEN CTPYKTYphl. [103TOMY WMHIyUHpPOBAHHBIA IUIIOJb
COXpPaHSIETCS JUIIb O TEX MOP, NOKA JEUCTBYET MOJIE.

[TonsipHbie MOJIEKYIBI, 00JIa/1at0IINE TOCTOSIHHBIM JIUTIOJIBHBIM MOMEH-
TOM, OIpPEACIEHHBIM 00pa30M OPUEHTUPYETCS MO OTHOIICHUS K AJICKTPHU-
YEeCKOMY TOJIF0 U OJTHOBPEMEHHO Ne(OPMUPYIOTCS MO JEHCTBHEM IOJIA,
BCJICJICTBUE YETO AUMOJbHBIE MOMEHTHI UX yBeanuuBaroTcs. [loaTomy mno-
JSIpU3alus MOJISIPHONM MOJIEKYJIBI SIBJISIETCS CyMMOU NIBYX 3(ppeKToB: opu-
€HTAlMU MOJIEKYJIbI U €€ iepopmanuu.

OO6uyro nmonsipuzanuio P MOXHO MPEJICTABUTh KaK CyMMYy aTOMOB P,
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AIEKTPOHHOMU P, 1 OpUEHTAILIMOHHOU P,:

P=P,+P,+tP,;
P, xapaktepu3yeT CMEILIEHHE aTOMHBIX SJIEP K OTPULIATENIBHOMY MOJIFOCY,
P, xapaktepusyeT CMEUIEHUE IEKTPOHOB K MOJIO0KUTEIBHOMY IOJIIOCY,
P, oTpaxkaeT OpueHTalMIO0 MOJIEKYJ, 00JaAatolMX TOCTOSHHBIM JIUIIOJIEM,
B aJieKTpuueckoMm noJie. Kak npaBuio, P,- COCTaBIsSE€T HE3HAYUTEIBHYIO
qacTb 00ILEel NOJIIpU3aLUs MOJIEKYI.

Hedbopmariusi MOJIEKyJT B SJEKTPUYECKOM IOJIE€ CBsI3aHAa C U3MEHEHUEM
UX CTPYKTYPBI U IPAKTUYECKU HE 3aBUCUT OT TemIiiepatypbl. OpueHTalus
MOJIEKYJI B 3JIEKTPUYECKOM TIOJIe CBSI3aHA C MPEOOoJeHHEM Oecropsiaoy-
HOTO PAaCIOJIOXKEHUS MOJIEKYJI, 00YCIIOBIIEHHOTO UX TEIJIOBBIM JIBHKCHH-
eM. Uem BbIlIIE TEMIIEpATYpa, TEM UHTEHCUBHEE ATO JABUKEHUE, U TTOITOMY
OpUEHTalMsI CTAHOBUTCS OoJiee 3aTpyJHEHHOU. BciencTBue 3Toro mossi-
puy3anys NOJSIPHBIX MOJIEKYJ TP MOBBIILICHUH TeMIEpaTypbl YMEHBIIAET-
Csl, a MOJIAPU3AIUS HEMOISIPHBIX MOJIEKYJI HE 3aBUCUT OT TEMIEPATYPHI.

[Tonsipuzanuio MOJIEKYJI MOXKHO ONPEACNIUTb, U3MEPSS IUAJIECKTpHUYe-
CKYIO IPOHHUI[AEMOCTh BEIIECTBA E:

p:g__l.M
d

8_

[\

rae M - MOJNEKyISIpHBIN Bec, d - IIOTHOCTH BEIIECTBA.

[Tonstpr3zanus MONIEKY MPUBOJUT K MOJISIPU3ALMU CBI3€M B MOJIEKYJIaX.

NuaytmpoBaHHbId JUNOJIBHBIA MOMEHT MPONOPLHOHATIEH HANPSKEH-
HOCTH E TIEMCTBYIOIIETO HA YACTHILY BJICKTPUYECKOTO MOJIS

,uuHO = oF.

KoaddurueHT mponoprruoHaTbHOCTH (' HA3bIBAETCS MOJISIPU3YEMO-
CTBIO U SIBJISIETCA XapaKTEPHBIM CBOWCTBOM Ka)KJIOW YACTHUIBI WM XUMHU-
yeckoit cBsi3u. [lonsaprzyemMocCTh SIBISETCS MEPOi CITOCOOHOCTH YaCTHIIBI
WJIU CBSI3M K MOJISIPU3ALMU TOJT IEUCTBUEM AJIEKTPUUECKOTO MoJist. Mexay
noJsipu3anuen P v noisipu3yeMOCTbIO (¢ CYLIECTBYET 3aBUCUMOCTb:

P=4/3nNa,

rae N - uncino ABoraapo. PasMepHOCTb monspusyeMocti — cM’. Tloss-
PU3YEMOCTh OIPEAEIIAETCS MOABUAKHOCTBIO 3JIEKTPOHOB, KOTOPAsi 3aBUCUT
OT UX DHEPreTHYECKOr0 COCTOSIHUA. B 3JIeKTpUYecKOM IMoJe Jierde u
CUJIbHEE CMEIIAKTCA BHEUIHUE JJIEKTPOHBI, HAUMEHEE ITPOYHO CBSI3aHHbBIC
c siapoM. Yem Oouibliie T1aBHOE KBAHTOBOE YHMCIIO 3JIEKTPOHOB, 00pa3yto-
IIUX CBSI3b, TEM BBILIE MOJSAPU3YEMOCTh CBSI3U. Tak Kak p- 3JIEKTPOHBI
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IMOABUIKHEC §- 3JICKTPOHOB, CBI3H, O6paBOBaHHI>IC SJICKTPOHAMHU, IIOJIAPH-
3YIOTCA 3HAYUTCIIbHO JICTYC, YCM CBA3U, O6p330BaHHBI€ .S-JJICKTPOHAMMU. -

JT -CBsI3U IIOJIIPU3YETCA ropa3zio CHJIbHEE, YeM O-CBA3H.

HOJIHpHOCTB CBs3H 3aBHUCUT OT JIMHBI CBs3H W PA3JIMYUA B 3JICKTPO-
OTPHUUATCIbHOCTH CBA3aHHBIX dTOMOB. HOJ’ISIpI/IBYCMOCTB CBA3H 3aBHCUT OT
MOABUIKHOCTH 3JICKTPOHOB. HOBTOMY IMOJEIPHOCTD U MOJEIPU3YCMOCTD JIsI
Pa3JINYHbIX CBSI3EM HM3MEHSIETCS HECOJMHAKOBO. B T12011.9 IMPUBCACHLI BCJINU-
YUHBI ITOJIAPHOCTH U ITOJIAPU3YEMOCTH HCKOTOPBIX XUMHUYCCKUX CBSI3CH.

Tabauia 9

I[I/II"IOJIBHBIe MOMCHTHI U MOJEIPHU3YCMOCTh HCKOTOPBIX CBsI3EH

CBA3b u D o, cM° CBs3b u, D o, M
H-1 1,98 1,9 C-F 1,81 1,7
H-Cl 1,03 6,7 C-Cl 1,6 6.5
H — Br 0,78 9,8 C - Br 1,5 9,6
H-1 0,38 13,7 C-1 1,6 14,6
C-H 0,30 1,7 c-C 0 1,3
C-0 0,36 1,5 c=C 0 4,2
C-N 0,50 1,5 C=C 0 6,2

[Tosisipu3yeMoCTh MOJICKYJIbI 3aBUCUT OT TOJIIPU3YEMOCTH 00pa3yIoIiX
e€ aTOMOB B OT XapakKTepa CBSI3U MEXKTy HUMHU. |15 MHOTMX MOJICKYJI TO-
JSPU3YEMOCTh MOXKET OBITh IMPEJICTaBIcHa KaK CymMMa MOJIIPU3yEeMOCTeH
OTJICJIbHBIX aTOMOB WJIM OTJEIBHBIX CBs3eil. Uem OosbIie aToMOB 00pasy-
€T MOJICKYJIY M YeM OOJIbIIIe 3JICKTPOHOB B Ka)KIOM M3 aTOMOB, TEM 0OJIb-
1€ MOJISIPU3YEMOCTh MOJICKYJIBI.
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I'mapa III HOHHAS CBA3b
§ I. MoHHasi cBSA3b — Mpe/IeJIbHbLIA CJIy4ail MOJISPHOM
KOBAJICHTHOI CBSI3U.

HNonHny1o cBSI3b MOKHO paccMaTpUBaTh KakK MpPeeIbHbIX CIIydail MmoJsip-
HOM KOBaJIEHTHOH CBA3U. Eclii pa3HOCTH AJIEKTPOOTPUIIATEILHOCTEH ABYX
B3aMMO/ICHCTBYIONIMX aTOMOB Benuka (0T 2,8 mo 3,3), To oOmias 3jek-
TPOHHAsl Mapa TaK CHJIBHO CMEIIAETCS B CTOPOHY OJHOTO W3 SiAep, 4YTO
aTOMBI MIPEBPAIIAIOTCS B MPOTUBOMOJIOXKHO 3apsbKeHHbIE MOHBL. [Ipupory
MOHHOW CBSI3U, a TaKXX€ CTPYKTYPYy M CBOICTBAa MOHHBIX COETUHEHHI
MO>XHO OOBSICHUTD AJIEKTPOCTATUYECKUM B3aUMOJICHCTBUEM HOHOB. JJIEK-
TPUUECKHUE 3apsi/ibl MOHOB OMNPEICISIIOT CTEXUOMETPUUYECKUN COCTaB CO-
CAMHEHUS! Y BAJICHTHOCTH JJIEMEHTA B MOHHOM COEIUHEHUU (DJIEKTPOBa-
JIEHTHOCTB ).

TUNUYHBIME MOHHBIMU COCIMHEHUSIMU SIBJSIOTCS] TaJUAbl MICTIOYHBIX
METaJJIOB.

[IpeBpaiieHue aroma B MOJIOKHUTENBHBIM MOH TpeOyeT 3aTpaThl HEp-
ruu (3Heprusa nonuszanuu / ). [Ipucoennunenrie 0THOroO 3JIEKTPOHA K aTOMY
AJIEKTPOOTPHUIIATENILHOTO 3JIEMEHTa C TpPEeBpallleHHeM aTtomMa B OTpHIla-
TEJIbHBIN MOH COMPOBOXKAACTCS BBIJCICHUEM SHEPTUH (CPOACTBO K DJICK-
TpoHy E ). CaMbIMU HU3KMMHU 3HAYCHHUSIMH SHEPTUM MOHU3AIMH XapaKTe-
PHU3YIOTCS] aTOMBI HICIOYHBIX METAJJIOB:

Li Na K Rb Cs
I, xxam/r-atom  124,0 118,2 99,8 96,0 89,5

HauOosbiiee CpOACTBO K JJICKTPOHY UMCIOT ATOMBI I'aJIOTCHOB

F Cl Br 1
F, xxan/r-atom 79,6 83,3 77,5 70,6

W3 npuBenEHHBIX YHCIIOBBIX 3HAYCHUU BUIAHO, YTO TIEPEXO AJIEKTPOHA
Jake OT aToMa CaMOT0 aKTHBHOTO IIEJIOYHOTO METalia IE3Hs K aToMy
XJiopa, 00JIaaroIeMy HanOOJBIIM CPOACTBOM K 3JICKTPOHY, TpeOyeT 3a-
Tpatel 3HeprUn. [103TOMY MOXKET TTOKa3aThCs, YTO ATOMHBIC CUCTEMBI SIB-
JSIFOTCST O0Jiee CTaOWIBHBIMH, YeM HOHHBIC. M NelCTBUTENhHO, eciu Obl
MIEPEXO]T AMEKTPOHOB OCYIIECTBIISIICS MEXKIY M30JUPOBAHHBIMH aTOMaMHU
¥ 00pa30BaBIINECS HOHBI OCTABAIUCH U30JUPOBAHHBIMU, TO HOHHAS CBS3b
He MorJja Okl 00pazoBaThcsi. OTHAKO MEXKIY 00pa30BaBIIMMUCS IPOTHUBO-
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MOJIOKHO 3apsHKEHHBIMHM MOHAMHM HAauyWHAET JIeWCTBOBAThH CHUJIA MPUTSIKE-
HUS, KOTOpasi MOHWKAET MOTEHIIUATIbHYIO SHEPTUI0 CUCTEMBI B COOTBETCT-
BUHU C 3ak0HOM KyroHa. DTa KyJOHOBCKas CTaOMIM3aIus JOCTaTOYHA IS
TOT0, YTOOBI HOHHAS TIapa CYIIECTBOBAJIa B Ta3000pa3HOM COCTOSIHUM.

B kpucramie kaxaplii MOH OOBIYHO OKPYKEH UYETHIPbMS IIECTHIO HIIU
BOCEMbBIO HOHAMU MPOTHUBOIIOJI0KHOTO 3apsiia, BCASACTBUE YETO KyJIOHOB-
CKasi cTabwmyin3aIusi 3HAYUTEIIbHO YCUIIMBAETCS U TIPU 00pa30BaHUMU KpHU-
CTaJuTa BBIJEISAETCS dHEPTHS (SHEPTUs KPUCTAIIMICCKON PEIIETKH ), KOTO-
pasi IMEeT 3HAUUTEIbHYIO BeIU4HHY. [l09TOMYy HEKOTOpBIC BEIIECTBA, HE-
WOHHBIE B TMAapoOOpa3sHOM COCTOSIHWMHU, TJE€ KYJIOHOBCKOW CTaOWIM3aIlu
HEJI0OCTaTOYHO JJII KOMIICHCAIIMM BBICOKOW SHEPTHHM MOHU3AIUH, B TBEP-
JIOM COCTOSIHUHM SIBISAIOTCS MOHHBIMU. K TakuM BeliecTBaM OTHOCST, Ha-
pUMEP, OKUCh KaJIbIUs U HEKOTOPHIC JPYTHUE OKCHUJIBI.

Ecnu mporiecc noHM3anuu MpOUCXOIUT B BOJHOM PacTBOpE, TO 0Opa-
3YIOIIMECS MOHBI OCTAIOTCS paslielieHHBIMU. B 3TOM citydae sHeprus mo-
HU3AIMA KOMIIGHCHPYETCSl TeM, 4TO 00pa3oBaBIIMECs HMOHBI THIApATUPY-
I0TCS, T.C. MPUTATUBAIOT W MPOYHO CBS3BIBAIOT IO HECKOJBKY MOJICKYJI
BOJIbI; TIPOIIECC THAPATAIIMU COMPOBOXKJIACTCS BBIJCICHUEM SHEPTUU
(aHEprus ruIpaTaIyn).

§ 2. loasipu3auusi HFOHOB

[Tono6HO MoOJeKynaM B 3JIEKTPUYECKOM TOJIE MOJSIPU3YIOTCS S HOHBI.
Honpl, oOnamaBmive MOCTOSIHHBIM JUIOJBHBIM MOMEHTOB (Hampumep,
OH ", CN ") BenyT ce0st B 37IEKTpUYECKOM T0JI€ MOJOOHO MOJIAPHBIM MO-
JeKyJiaM. BOJIBIIMHCTBO MOHOB, B TOM YHUCJIE U BCE DJIEMEHTAPHBIE UOHBI,
HE UMEIOT OCTOSIHHOI'O JIUMOJIBHOTO MOMEHTA U BEAYT ce0sl B DJIEKTpHUUE-
CKOM I10JI€ NMOA00HO HEMOJISPHBIM MOJIEKYJIaM.

B oTiMume OT MOJIEKYJbl KaXKIblii MOH OJjarojapsi HAJIMYUIO y HEro
AIEKTPUYECKOTO 3apsA/ia CaM SBIAETCS MCTOYHUKOM IIOJISI U OKa3bIBAET
NOJISIPU3YIOIEE JEHUCTBUE HA COCEAHUE C HUM YACTUIBl. JTO JIEUCTBUE
BEChbMA 3HAYUTEIIBHO TaK KaK HaNpPSKEHHOCTh SJIEKTPUYECKOTO OIS OKO-
JIO NOHA OYEHb BEJIMKA (COTHU MUJUIMOHOB BOJIBT HA CAHTUMETD).

Takum oOpaszom, mporecc NOJSIPU3ALUN UOHOB SIBJISIETCS JIBYXCTOPOH-
HUM: B HEM COYETAIOTCS MOJSIPU3YEMOCTh MOHOB M HX MOJSPU3YIOLIEE
JICHICTBHE.

[Tonspu3yeMoCTh MOHA 3aBUCHUT OT THUIIA €r0 3JIEKTPOHHOU CTPYKTYPBHI,
3apsana u pasmepa. [Ipu ogrHaKOBBIX 3apsaaax U OJM3KUX paguycax MoJis-
pU3yEMOCTh MUHUMAaJIbHA Y MOHOB C KOH(UTrypainueir HHepTHOro ra3a u
MaKcUMaJlbHa Y UOHOB, UMEIOIIKX 18 BHEIIHUX 3JIEKTPOHOB. Y MOHOB d-
AJIEMEHTOB C HE3aBEPIIEHHBIM d-TIOAYPOBHEM OHA UMEET MPOMEKYTOUHOE
3HayeHue. [Ipu aHaIOrMYHON AJIEKTPOHHOU CTPYKTYpE M OJIMHAKOBOM 3a-
pslie IOISIPU3YEMOCTh HOHOB PACTET C YBEIMYEHUEM pa3Mmepa, T.€. C yBe-
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JUYEHUEM YHuCia 3JIEKTPOHHBIX clIOEB. [Ipy 0IMHAKOBOW CTPYKTYypeE 3JIEK-
TPOHHBIX 000JI0UYEK MOJISAPU3YEMOCTh HOHA OBICTPO YMEHBIIIAETCS IO MEpe
MOBBIILIEHUS €r0 3apsa.

N3 U37105KEHHOrO CJeAyeT, YTO HamOoJiee JETKO MOISPU3YIOTCS 00JIb-
IMe 10 pa3MepaM dJIeMEHTapHble aHuoHbL. (Br, [ ), a Hauboiee TpyIHO
MaJIeHbKHE KaTHOHBI C SJEKTPOHHOM KOH(UIrypalueil HHEPTHOIO rasa,
Lit, B*" AP n T.IL.).

[Tomapusyroniee 1€MCTBUM MOHA TOXKE 3aBUCUT OT €r0 CTPYKTYPBI, 3apsi-
J1a ¥ pajuyca.

[Tonsipusyromiee nericTBre OBICTPO BO3pAcTaeT C YBEJIMYECHHEM 3apsiia
uoHa. [Ipu oMHAKOBBIX 3apsAaax v OJIM3KHUX paanycax, Haubojee CHUIbHOE
MOJISIPU3YIOIIeEe AEUCTBUE OKA3hIBAIOT MOHBI | 8-3JIEKTPOHHBM BHEUTHUM
CJIOEM; MEHEE CHJIBHOE - HOHBI d-3JIEMEHTOB C HE3aBEPILEHHBIM BHEUTHUM
coeM (Mn’", Fe’" u T, 11.), noHsI ¢ remmitnoit o6oxoukoii (Li*, Be’) u co
cTpyktypoit 18+2 u 8+2 (7%, Sn’" 1 T.1I.); HAUMEHBIINM TOJSAPH3YIOLIAM
NelCTBUEM 00JIaIaf0T MOHBI C 8-3JIEKTPOUHBIM BHEITHUM CJIOEM {Na+, K"
Ca’t, Si*" u T.IL.).

IIpu cXOIHOM ANEKTPOHHOM CTPYKTYPE U OJAMHAKOBOM 3apsA/e NOJSPHU-
3ylolllee JEHCTBUE NOHA TEM OOJIbIIE, YEM MEHBIIIE €ro paguyc.

KomruiekcHple MOHBI, KaK MpPaBHIIO, OKA3bIBAIOT HEOOJBIIOE MOJISPU-
3yIOIIEE JICUCTBHUE.

B HOHHBIX COEOUHEHUSAX HOHBI MPOTHBOIOJOKHOIO 3aps/ia B3aUMHO
NOJISIPU3YET APYT APYyTa, B pe3yabTaTe YEro MPOUCXOIUT UX nedhopmanusi.
[ToaTomMy CTpyKTypa MOHOB, OOpa3yIOIIUX XUMUYECKOE COEMHEHUE, 3HA-
YUTEJIHHO OTJIMYAETCA OT CTPYKTYPhI CBOOOIHBIX HOHOB.

[Tonsipusyroniee nEWCTBUE MOYTH BCEX AHMOHOB HE3HAUUTEIBHO, TaK
KaK UX AJICKTPOHHAS CTPYKTypa OOBIYHO aHAJIOTMYHA CTPYKTYpEe UHEPTHO-
ro rasa, Juisl HUX XapakTepeH MaJlbli 3apsa U 0osbuiue pasmepsl. [loaTomy
NOJIIPU3YIONIMM JICHCTBUEM aHUMOHA HA KaTHOH YacTO NMpEHeOperamT u
CUMTAIOT, YTO MOJIAPU3ALMSA UMEET OJJTHOCTOPOHHUI XapaKTep - aHUOH I10-
JSIPU3YETCS. KATUOHOM, T.€. SJIEKTPOHHBIE OpOUTAIN aHWOHA MPOHUKAIOT B
cdepy AecTBUS siipa KATHOHA.

Ecnu, ogHako, CUIbHO MOJISIPU3YIONINI KAaTHOH caM JIETKO JeopMupy-
eTcsl, TO MHAYLIUPOBAHHBII UM B aHUOHE CPaBHUTENIBHO OOJIBIION JAMIIONb
YCUWJIMBAET MOJIAPU3YIOIIEE JIEWCTBUE aHMOHA, Onarojapsi 4eMy 3aMeTHO
nedopmupyercss KaTHOH. Bo3HuKarommii B KaTUOHE JWIONb YCHIIMBAET
€ro MOJIAPU3YIOIIEE NECHCTBUE HA aHUOH T.J. JTO MPUBOJHUT K TOMY, UTO
BO3HUKAET JIOMOJHUTENbHBIN MOISPU3ALUOHHBINA PdeKT, TeM OONbIINH,
4YeM 3HAaYUTEIbHEE NOJIAPU3YIOTCS KATHOH M aHUOH. J{ONOJIHUTENbHBIN
NoJISIpU3AIIMOHHBIA A(h(]EeKT, a cileoBaTeNbHO, U CyMMapHOE MOJISApHU-
3yIOIlIee JIEWCTBUE OCOOEHHO BEJIUKH Il KaTUOHOB C 18-3JIEKTPOHHBIM
cioeMm (Zn’", Cd**, Hg™).
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HckinounTenbHO 00JbIIOE MOJSPU3YIOLIEe ACHCTBUE IMPOSIBISET HOH
Bofopoaa H', KOTOpHIil BCIEACTBHE OTCYTCTBHS DJEKTPOHHOM 000N0UKH
MMEET HUYTOXHO Majible pa3Mepbl. B oTiinuue oT Bcex Apyrux KaTUOHOB,
H' npoHUKaeT BHYTPb DSIEKTPOHHOH 00010ukd aHuoHA. IlodTOMYy, Ha-
IpHUMEp, PACCTOSJINE MEKIY AJPAMHU aTOMOB BOJOPOJA JI XJI0pa B MoJie-
kyne HCI (1,28 A ) menblue, yem paauyc uona CI (1,81A ); uon H' mpo-
HUKaeT B 00070uky oHa C/ mpuOIU3UTENBHO Ha TPETHIO YaCTh €ro 3¢-
(beKTUBHOTO paanyca. DTO COMPOBOXKIACTCS JOMOTHUTEIBHBIM (110 CpaB-
HEHUIO C OOBIYHBIM KYJOHOBCKMM B3aUMOJECHCTBHUE MEXKIY UOHAMHU) BbI-
JIeJICHUEM PHepruu, Ojarojapsi 4eMmy TEIIOThl 00pa30BaHUs BOJOPOIHBIX
COEJIMHEHUI UMEIOT OOJIbIINE 3HAYCHUSI.

BHepssch B DIEKTPOHHYIO OOONIOUKY aHHOHA, MOH /' OKa3bIBaeT
CWJIBHOE TOJISIpU3YIOIIEE JIEHUCTBHE, OTTIATMBAas Ha ce0s AIEKTPUUECKUUN
LHEHTP TSHKECTU. ITO MPUBOJUT K YMEHBIIEHUIO MOJSPHOCTHA BOAOPOIHBIX
COEIMHEHUI (110 CPaBHEHUIO) C AHAJIOTMYHBIMU COEJUHEHUSMH OJIHO3a-
PSIIHBIX KAaTHOHOB). Tak, MONSIPH3AaLUOBHBIN 3()EKT MPUBOAUT K TOMY,
YTO JUIIOJb ({{CI uMeet JuHy He 1,28 A (paccrosiHue Mexay siapamMu), a
Bcero 0,22 A.

Buenpenue H' B aHMOH yBEIMYMBAET OOIIEE YHCIO IOJOXKHUTEIbHBIX
3apsI0B BHYTPU aHUOHA U TEM CaMbIM CTAOMJIM3UPYET €ro 3JEKTPOHHYIO
000JI0YKY, YMEHBIIAIOT €ro nojsipu3dyemMoctb. Tak, noisipuzyemocts HCI
MeHbIIe, yeMm C/ .

OueHp MHOTME CBOICTBA BEIIECTB, TAKUE KAaK M3MECHEHHE THUMA KpH-
CTAJUIMYECKOM CTPYKTYpbI, TE€MIEpaTypbl IUIABICHUS, TEpMHYECKas |
ANEKTPOIUTUYECKAS TUCCOLUALINS, OKPACKA COCTMHEHUN U J., CBA3AHBI C
NOJIIPU3AIMOHHBIM B3aUMOJEHCTBUEM OOpa3yIOIIMX 3TH BELIECTBA HO-
HOB.”

Kak y»xe Obuio 0TMEUYEHO, NOJISIpHU3alisl HOHOB Yallle BCErO CBOJUTCS K
TOMY, YTO OpOUTAIM aToMa MPOHUKAIOT B chepy NEHCTBUS fpa KaTHOHA.
Ho nponukHOBeHue opOuTaneil oJHOro noHa B cepy AeMcTBHs cocelHe-
ro0 HMOHAa - OTO BO3HUKHOBEHHE KOBAJICHTHOM CBSI3W MO JOHOPHO-
aKLIEITOPHOMY Me€XaHu3My (KaTHOH - aKLEenTop, aHUOH - JOHOP 3JIEK-
TpoHHOU Tapkl). [loaToMy Mo Mepe yBennueHHs] B3aUMHOM TOJISIPU3ALINH
MOHOB HAOJIIOAAETCS] EPEX0] OT MOHHOM K MOHHO-KOBAJIEHTHOM (ITOJISIp-
HOI) CBSI3M, KOTOPBIM COMPOBOXKJIAETCA YACTUYHOW HeHTpanu3amueil 3a-
psaa MOHOB. B CBSA3M C 3TUM K PEIICHHUIO BONPOCA O THUIE XUMHUYECKOU
CBSI3U MOJKHO TOJIOMTH C JIBYX TOYEK 3peHus. Bo-mepBbIX, MOXKHO pac-
CMaTpUBaTh MOHHYIO CBSI3b KaK pe3yjbTaT Mepexojia o0Ien 3JeKTPOHHOM
napbl, OCYIIECTBIISIIONIECH KOBAaJICHTHYIO CBsI3b, B 00JajaHue Ooiiee dJeK-
TPOOTPHULIATENBHOTO aTOMa. BO-BTOPBIX, MOKHO PACCMATPHUBATb.

*)HOILpO6H€C cM. Bb. B. Hekpacos. Kypc obmieit xumuu. ['ocxumusaar, 1960,
r.XIIL§ 3.  Bb. B. Hekpacor. OcHoBbl 00miei xumuu. Tom 3.U3n. Xumust, 1970, rn. XIII . § 3.
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KOBAQJICHTHYIO CBSI3b KakK Cllydyail MOHHOW CBSI3H, IIPU KOTOPOM MOJSIpU3a-
IIMsSl aHWOHA HACTOJIbKO BEJIMKA, YTO JAET 3aMETHOE YBEIMYCHHUE, DJICK-
TPOHHOM MJIOTHOCTH MEXIY SIAPAMHU aTOMOB.

B TUnUYHBIX Cly4yasx MOHHAS CBSA3b PE3KO OTINYACTCS OT KOBAJCHTHOM,
HO YacTO XHUMHYECKas CBSA3b HMEET MPOMEXKYTOUHBIM (MOHHO-
KOBAJICHTHBIN ) XapakTep.

HNoHHas cBsI3b MPOSIBISIETCS B TEX PEIKUX CIIydasX, KOTJla B3auMHas 10-
JsSpu3aIys MOHOB Majla, HallpuMep, B rajuaax MIEI0YHBIX U MIETOYHO3E-
MeJIbHBIX MeTaJUI0B. HO B UMCTOM BHJI€ OHA HUKOTJIa HE OCYILIECTBIISIECTCS.
Haxe Bo ¢ropuae ne3ust - COCAUNHEHUH CaMOTO JICKTPOTOJIOKUTEILHOTO
MeTallia ¢ Haubosiee, 3JIeKTPOOTPULIATEIbHBIM HEMETAIIOM - UMEETCS He-
OoJIbIIast 107151 KOBAJICHTHOMN CBSI3H.

OleHKy TUIa XMMHUYECKON CBSI3U B COCIMHEHHUAX MOXHO MPOU3BECTH
Ha OCHOBAHWH 3HAYCHHI 3(PPEKTUBHBIX 3aps0B aTOMOB 0. D(H(HEeKTUBHBIC
3apsibl aTOMOB, CBSI3AHHBIX HETIOJISIPHOM CBSI3bIO, PaBHBI HYJIIO, CBSI3aH-
HBIX YHMCTO MOHHOW CBSI3bIO - €AMHUIIE, @ B CIIy4ya€ MOHHO-KOBAJICHTHOU
CBSI3U - AoJie eauHuIlbl. Tak, 3hPeKTUBHBIC 3apsabl aTOMOB BO (pTopuie
uesust paBubl +0,94 u -0,94, B xnopuzae varpus +0,80 u —0,80. Cnenosa-
tenbHO, cBA3U Cs-F' u Na-Cl MOXHO cuuTaTh MOHHBIMU Ha 94% U Ha
80% COOTBETCTBEHHO.
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IaasalV. METOJ MOJEKYJIAPHbIX OPBUTAJIEN

§ I. OcHoBHBIE 110J10:keHMsI MeToaa MO

Meroa monekyspHbIx opouTaneit (Meroq MO) Hauan pa3pabaThiBaTh-
cs B 80-X rojax TeKyuiero crojetus MamnmkeHoMm, XrokkeseMm, ['yHaoMm,
Koynconom u apyrumu y4€HbiMu. B oTiimune OT METO/Ia BAJICHTHBIX CBS-
3€H, KOTOPBI COXPAHSET 32 AaTOMOM, BXOJSIIMM B COCTaB MOJEKYJIbI, €r0
WHIMBUIyaIbHOCTb, METOJl MOJEKYJSPHBIX OpOWTanell paccMaTpUBaeT
MOJIEKYJTy KaK MHOTOSIIEPHYIO CUCTEMY, B KOTOPOU AJIEKTPOHBI SIBIISFOTCS
oOumMu a1t Bced MoseKyJbl. Kakplil 37€KTPOH B MOJIEKYJIE JBUKETCS
HE3aBHUCUMO B HEKOTOPOM CPEAHEM IIOJI€, CO3JJaHHOM SIIPAaMHU U OCTAJIb-
HBIMU 3JIeKTpoHaMu. [10CKOJIbKY OCHOBHOM BKJaa B 00pa3oBaHUE CBS3CH
JAIOT BAJICHTHBIE AJIEKTPOHBI, TO MPU pacueTax OrpaHUYUBAETCS PacCMOT-
PEHHUEM TOJIBKO 3THX JIEKTPOHOB.

B Merone MonexkyysipHbIX OpOUTalell COCTOSTHUE DJIEKTPOHA OIMKCHIBA-
eTcsl HeKOTOpoil BoHOBOM ¢yHkImeil ¥, KOTOpylo Ha3bIBalOT MOJEKY-
nsipHOM opOuTansio (MO). @duznueckuii CMBICT MOJIEKYJISIPHONW BOJTHOBOM
bynkuun W Takoii ke, 4To U AJi1 AaTOMHOW BOJIHOBOM pyHKIMu Y, T.€. ¥
O3Ha4aeT MEPY BEPOSITHOCTU HAXOXKIACHHUS JJIEKTPOHA B JAHHOM TOYKE MO-
JEKYJIBI.

CocTrosiHue 3JIEKTpOHA B MOJIEKYJIE XapaKTEPU3yEeTCs MOJIEKYJISIPHBIMU
KBAaHTOBBIMHU YHCIIAMH 71, [, A, KOTOpbIE MOT'YT IPUHUMATH 3HAUCHUSI

no 1,2,3.. o ;
L 0,1.2..(n-1);
A 0,1,2... =1 .

[To cBoeMy (hU3HYECKOMY CMBICIY MOJICKYJSIPHOE KBAHTOBOE YHCIO A
aHAJIOTUYHO aTOMHOMY KBaHTOBOMY uuciy m. OHO XapaKTepu3yeT pacrio-
JIO’KEHUE MOJIEKYJISIPHON OpOMTaIM B MPOCTPAHCTBE U ONPEIEISIET BEJIU-
YUHY MPOEKIMHM MOMEHTa KOJIMYECTBA JABM)KCHMS 3JIEKTPOHA Ha JIMHUIO,
COEJIMHSIONIYIO SiJpa aTOMOB B MOJIEKYJie (JIMHSS CBSI3M).

B 3aBHCHMOCTH OT 3HAYCHHsI KBAHTOBOI'O 4Kcia A MOJEKYJISIPHBIC Op-
ourtanu 0603HaYAIOTCS

A 0 +] +2 +3

MO o© T 0 [0

3anojaHeHre MOJIEKYJSPHBIX OpOUTaeil MPOMCXOAUT B MOPSIJIKE YBEIUYE-
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HUS MX 2HEpruu ¢ y4éroM npunuumna llaymm, cormacHo KOTOpoMy, Ha Of-
HOM OpOUTaIM MOXET HAaXOJUTHCS TOJBKO JBa AekTpoHa. [lo cyiecTBy
mMeTosl MO nepeHOCUT KBaHTOBbIE 3aKOHOMEPHOCTH aToMa Ha MOJIEKYIY.
[Ipu onucaHum CBOMCTB MOJEKYJIbI 3a/ladya CBOJUTCS K HAXOXKICHHUIO MO-
JeKyJIApHOM BOJHOBOM (pyHKnu ‘P.

Hmerotcs pa3nuyHble BapHaHThl METO/IAa MOJIEKYJISIpHBIX opOutaneii. B
HACTOSIIIEe BPEMSI HIUPOKO HCHOJIB3YETCS METO/, B KOTOPOM MOJIEKYJISIp-
HbI€ OJHOAJIEKTPOHHBIE BOJHOBBIE (DYHKIHUU (MOJIEKYJISIPHBIE OpOHUTAIIN)
paccMaTpUBaIOTCS KakK JIMHEMHbIE KOMOMHAIIUN BOJTHOBBIX (DYHKIIUN DJIEK-
TPOHOB B aTroMax (aTOMHBIX OpOuTasel), U3 KOTOPbIX oOpa3oBaHa MoJie-
KyJa. DToT cmocob cokparieHo HazbpiBaloT JIKAO-MO (nmHelHble KOM-
OMHAIIMKA ATOMHBIX OpOUTAIIEH MOJIEKYJISIPHBIE OPOUTAIIN).

JIuHelHy0 KOMOMHALIUIO aTOMHBIX OpOMTaNEe W; U W, MOXKHO OCY-
HIECTBUTH ABYMSI CIIOCOOAMU: CJIOKEHHUEM U BBIYMTAHHEM, B PE3yJIbTaTe
yero oopasyeTcs Be MosiekyispHbie opoutanu W u W*. Maremarudecku
CBSI3b MOJIEKYJISIPHBIX OpOUTalIel C MCXOJHBIMU aTOMHBIMU OpOUTAISIMU
W, U W, BBIpaXXaeTcs CIEIYIOUMMU YPABHEHUSIMU:

v :chwl +(-o? )1/21//2J
P = c[(l —a*) "y, —oa//z]

A€ ¢ - HOPMUPOBOYHBIN MHOXHUTENb, O - MAapaMeTp, KOTOPBIA MOXKET
uMeTh 3HaueHust oT 0 1o 1 u sABIseTCss MEPOM OTHOCUTENBHBIX BKJIAJIOB
ATOMHBIX OpOHTANell W, U W, B MOJIEKYJISPHYIO opOuTans. Bemmunna o
IIPEACTABIIIET OTHOCUTENIBHYIO JIEKTPOHHYIO INIOTHOCTh HA aTOMHOM Op-
outanu Y; ¥ paBHA Y4, €ClIM KOHEYHAsi MOJIEKYJISIpHas OpOUTANb MOCTPOE-
Ha B PAaBHOM CTENEHU U3 VW) U VW, HOPMUPOBOUYHBI MHOKHUTEID C OUYECHBb
OJIM30K K €IMHUIIE, M IO3TOMY OH MHOT/Ia HE yYuThIBaeTcs. Torna

Y=oy, +(1-a*)"y,;
Yr=(1-a)"y, —ay,.

Monnekynspuas opoutans W xapaktepusyercs 0ojiee HU3KOM dHEPTUEH
10 CPAaBHCHHIO C MCXOJHBIMH aTOMHBIMH opOuTtaimsMu. [Ipomcxoaut rre-
pPEKphIBAaHUE aTOMHBIX OpOuTaned, U B 00JaCTH MEXIYy ABYMS siApaMu
AJICKTPOHHAS TJIOTHOCTh YBEJIMYMBACTCS. DTO O3HAYAET, YTO JIBA DJICK-
TPOHA B MOJICKYJIC , HAXOJATCS B TOJIC ABYX SiJiep W OOJBIIYIO0 YacTh Bpe-
MEHHU MPOBOJAT B MPOCTPAHCTBE MEXKIY sJIpaMH, YTO CIIOCOOCTBYET CBSI-
3BIBAHMIO JIBYX aTOMOB. [103TOMY Takyt0 MOJICKYJIIPHYIO OpOUTAIh Ha3bI-
BalOT CBSI3BIBAIOIIECH.

MonekynspHas opoutans ‘W* umeer 6ojiee BRICOKOE 3HaUCHUE YHEPTUU
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110 CPAaBHECHHUIO C DHEPTUCH UCXOAHBIX aTOMHBIX OpOUTaICH. DIeKTpOHHAS
IJIOTHOCTh KOHIICHTPHUPYETCS 3a SApaMH, a B MPOCTPAHCTBE IOCPEIUHE
MEXJy SIpaMH paBHA HYJII0. DJIEKTPOHAM YHEPreTUYECKU BBITOJIHEE Ha-
XOJINThCSI Ha ATOMHBIX OPOUTAISAX OTACIBHBIX aTOMOB, OHH CTPEMSTCS
pa3beIMHUTD ATOMBI, IIOATOMY MOJICKYJIIpHAs OPOMTAIb HAa3bIBACTCS pa3-
pexisitoneit (puc. 31).

Puc.31

Cxema 00pa3oBaHMsl CBSI3bIBAIOLIUX U PA3PBIXJIAIOIINX
MOJIEKYJIIPHBIX OpOUTaNiel U3 aTOMHBIX OpOuTaen

Eciu B 00pa30BaHMM XUMHUYECKUX CBS3EM MEXIYy aTOMaMHU y4acTBYIOT
N atomHBIX opOuTaliel, To 0Opasyercst N MOJIEKYJISIpHBIX opOuTanei, us3
KOTOPBIX N/2 SBISIOTCS CBSA3BIBAIONIUMU, a N/2 -.paspeixisromumu. 060-

3HAYEHHUs MOJIEKYJISIPHBIX opOuTazneil (O, T U T.II.) 4aCTO COMPOBOXKIAIOT
yKa3aHHEM aTOMHBIX OpOuTaieu, .u3 KOTopbix obOpazoBanuch MO. (Ha-

npumep, O1sm2p,u T.1.).

CHMBOJIBI CBSA3BIBAIOOMX M Pa3phIxisonmx MO oTMedaroT Tak: O
o™P ©°°, ©*P. Yacto cumpoms! paspeixnsiomux MO (B oTimume OT CBS-
3piBaromux MO) orMeuaroT 3Be310ukamu (G, T u T.1.).

KoMOuHanus AByX aTOMHBIX S-OpOUTasiei 1aéT 1B MOJEKYJIspHbIE O-

opoutanu. KomOuHanMsi aTOMHBIX p-opOuTaneii MoxkeT nath Jubo O-
(BoJIM HampaBlieHUE p- OpOWTaiei COBMNAJACT C JUHUEH, COCAMHSIOUIEH

anpa atoMmoB), 6o T- MO. Cas3pIBarole MOJEKYJSIPHbIE OpOUTAIIH,
00pa30BaHHbBIEC ya ATOMHBIX S-OPOUTAISIX, UMEIOT LIWJIMHIPUYECKYIO CUM-
METPUIO OTHOCUTENIbHO JIMHHUH, COSAUHSIIONIeH siapa atoMoB. CBs3bIBato-
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M€ T-MOJIEKYJISIpHbIE OPOUTAIA COCTOST U3 ABYX O0aHaHOOOpa3HBIX 00-
JacTel, COCTABJISIOUX. €AUHOE 1e0€e. DTH 00JIaCTU HEOTJEIMMBbI OJIHA
OT JPYTroil, BMECTE OHU MPECTABISIOT MOJIEKYIISIPHYIO OPOUTAI.

Casi3pIBatolasi MOJIEKYJISIpHAsE OpOUTAIb MOXKET 00pa30BaThCS TOJIBKO B
TOM ciry4ae, ecinu MO xapakTepu3yroTcsl OJM3KUMU 3HAUYCHUSIMU YHEPTHUH
U OJJMHAKOBBIMH CBOMCTBAMH CHUMMETPUHU OTHOCHUTENIBHO JIMHUU CBSI3U B
MosiekyJie. Tak, eciii OCh X MPUHSATH 3a HaNpaBJIeHUE JUHUU CBSA3HU, TO MO-
T'YT NEPEKPHIBATHCA ABE S -aTOMHBIE OPOUTANIU U S- U p, - AaTOMHBIE OpOu-
TaJu, €CJIM OHU CPABHUMBI 110 SHEPTHUHU.

ITpn nmepexpbIBaHUM S-aTOMHON OPOMTANIM C p)- UM P, - ATOMHBIMH
OpOUTAISIMU MEPEKPHIBAIOTCS U MOJOXKUTEIbHBIE U OTpULATEIbHBIE 00-
nactu p-AO W Kaxnaash YHUUTOXKaeT AeicTBHe Apyroi. PesynbTupytoias
CTENEHb NEepeKphIBaHus paBHa Hy0. CBsi3u He oOpasyercs (puc.32). B

Puc.32. Cxema nepekpblBaHUs S- U p —OpOUTAJICH.

tabnuue 10 maroTcst KOMOMHALIMM aTOMHBIX OpOUTANe, KOTOPhIE TPUBO-
JISIT K 00pa30BaHUI0 XUMUYECKOU CBSI3U.

Pa3Huiia B 3HEpruM HCXOJHBIX ATOMHBIX OpOMTanel M CBS3bIBAIOLICH
MOJICKYJIIPHOM OpOMTaM 3aBUCUT OT CTEMEHU MEPEKPBHIBAIOT ATOMHBIX
opouraneii. [llupokoe mnepekpbIBaHUE BbBI3BIBAET OOJIbLIEE pa3iIvyuve B
HEPrUM U, CIEA0BATEIbHO, O0JIEe IPOUYHYIO CBA3b, MAJIOE MEPEKPhIBAHUE
- MaJIoe pa3iuyue, T.€. MEHee NPOYHYIO CBSI3b. OOBIYHO CUHUTAIOT, YTO
3Heprusi paspeixisitoniee MO HACTONBKO BBIIIE JHEPTHU  OTIEIBHBIX
aTOMHBIX OpOHWTasel, HACKOJIbKO HIKE 3Heprust cpssbiBaromert MO. Co-
OTHOIIICHUS MEXIYy BSHEpPruel aTOMHBIX W MOJIEKYJSIPHBIX OpOuTaneil
OOBIYHO MPEACTABISAIOT B BUJE AuarpaMm. BaneHTHbie opOuUTaiv aToMOB
pacrojararT 10 KpasiM CXEMbI, UX MOJIO)KEHHUE COOTBETCTBYET MX JHEP-
TUU. DHEPreTUYECKUE YPOBHU MOJICKYJISPHBIX OpOUTaNeil yKa3bIBalOT B
CpeIHel 4acTh cXeMbl. DHepreThyecKkasl auarpaMma o0pa3oBaHHs MoJie-
KYJISIPHBIX OpOuTanei u3 /s -aTOMHBIX OpOUTaliel MpeAcTaBieHa Ha

66



Tabmuma 10

Paspeménnble KOMOMHALIMK ATOMHBIX OpOUTaIen

ATOMHas op- Paspeménnas KOMOMHAIHS W) Tun MO

ouranp y;
s S, Px, dy2_y2, d2 o
Dx S, Py dy2_ 2, d>2 o
Py Py dxy 4
P, Dz T

dxz_yz, d,: S, Px dxz_yz, d,: o
dyy D dyy T
d. Dz T
d: d. o

o.Par

Puc.33
DHEpreTUYeCKre YPOBHHU MOJIEKYJISIPHBIX OPOUTAICH MOJIEKYJIBI BOJOPOAA

puc.33. Ha 06enx MO MOXeT MOMECTUTHCS O JIBa JIEKTPOHA, HO B TEp-
BYIO o4epenb OyAeT 3anonHsAThCs cBsi3biBaoias MO, Tak Kak el COOTBET-
CTBYET MEHBILIAS SHEPTHUsl. DIIEKTPOHBI MOI'YT pa3MeLIaTbCs U Ha pa3pbIX-
asrommx MO, HO nuib 3a CYET MOHIKEHHUST O0Iel 3Heprun cBsi3u. Bo-
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POC 00 YCTOWYHMBOCTH MOJIEKYJIBI CBOJHUTCS K SHEPIETHIECKOMY OaaHCy
BCEX CBS3BIBAIONIMX. M PAa3PBIXJSIONIMX 3JEKTPOHOB. I pybO MOXKHO CUH-
TaTh, YTO OJMH PA3PBIXJISIONIMI JIEKTPOH CBOJIWT HA HET JEHCTBHE CBS-
3BIBAIOIIETO AJIEKTPOHA. ECIIM MPOBOAUTH aHAIOTHIO ¢ METOIOM BallCHT-
HBIX CBSI3€H, TO MOKHO YCJIOBHO CUHMTATh, YTO OOPA30BAHUIO OPIHHAPHOM
CBSI3M COOTBETCTBYET HAJIMYKME B MOJIEKYJIE JBYX CBS3BIBAIOIIMX DIIEKTPO-
HOB, JIEACTBHE KOTOPHIX HE YHHYTOXKEHO HAJTUIUEM PA3PHIXJISIONIUX DJIEK-
TPOHOB.

JIJist oTIpesiesIeH st COCTOSIHUS SJIEKTPOHHON 000J0YKH MOJIEKYJIBI HE00-
XOJMMO 3HATh OTHOCHTEIBHBIM MOPSIOK PACIOIOKEHHS MOJIEKYISPHBIX
opOuTaiel 1Mo sHepruu. M3ydeHHe MOJICKYJISAPHBIX CIIEKTPOB, a TaKKe
TEOPETHYECKUE PACUETHI MOKA3bIBAIOT, YTO IPH O00pa30BaHHMU JBYXaTOM-
HBIX MOJIEKYJI MOJICKYJIIPHBIE OpPOUTAIM TI0 BEJIMYWHE DHEPIHU pacioJia-
TarTCS B CIACTYIOIIAN PSI:

015s<0™*[5<025<0™*2s <O2p,<M2p,=M2p,<W*2p, =N*2p.<C*2p,

Mosexkynsipasle opoutanu 72p, U M2p., a Takke TF2p, u T*2p, 1o
SHEPIUil PaBHbI, MX Ha3bIBAIOT BBIPOXKICHHBIMH. MOJIEKYIISIpHBIE OpOUTa-

MM O2py U TT2p, . DHEPTETUYECKH OJNM3KU U B IPUBEACHHOM psIy B 3aBH-
CUMOCTH OT MPHUPOJBI B3aWMOJICUCTBYIOIIUX aTOMOB MOTYT MEHSThCS
MECTaMHU.

Hcnonb3yss W3JI0)KEHHBIE NPEJICTaBIECHUS, PACCMOTPUM 0OOpa3oBaHUE
JIBYXaTOMHBIX MOJIEKYJ ThNa A, u AB

§ 2. FomosiepHbIE MOJIEKYJIbI 1 MOHBI DJIEMEH-
TOB IIEPBOr0 NepHoAa

MouJieKkyibl, COCTOSIIME U3 AaTOMOB OJHOTO U TOT'O K€ JIEMEHTA, Ha3bl-
BAIOTCS, TOMOSIIEPHBIMU (TOMOHYKJICAPHBIMH ).

BanenTtHoit opOuTanbi0 3JEMEHTOB TEPBOTO MEpHOJa SBISETCS 1s-
opoutanb. [Ipu oOpa3zoBaHWM JBYXaTOMHBIX MOJIEKYJ M3 JIBYXaTOMHBIX

Is-opOuTaieii BO3HUKAIOT IBE MOJIEKYJISPHBIX opOuTamu: Ols u O*ls
(puc. 33). Bce umerornuecs: B. MOJIEKYJIe SJIEKTPOHBI pa3MEIIAtOTCs Ha 00-
Pa30BaBIINXCS MOJEKYJSAPHBIX OpOUTAIAX coriacHo nmpuHnuny [laymu B
MOPSIJIKE BO3pACTaHUSI YHEPTUU MOJICKYJISIPHBIX OpOUTAIICH,

Mouanekyna H, B monekysine BOgopoaa UMEECTCS IBa 3JIEKTPOHA, KOTOPbIE
HaxXOJSTCS Ha CBSI3bIBAIONIEH MOJIEKYJISIpHOW opOuTanu. Takoe pa3meliie-
HUE coryiacHO NpuHumMy [laynu ocyiiecTBUMO JHIIL B TOM Clydae, ecliu
JIEKTPOHBI UMEIOT Pa3HbIEe CIIMHOBBIC KBAHTOBBIE UKCia. TakuMm 00pazom,
MPEACTABICHUE O XapaKTepe CBSI3U B MOJICKyJe H,, MOTydeHHOE 10 METO-
ny MO, oka3bIBaeTCsl aHAJIOTUYHBIM TIpecTaBiieHus Merojga BC, kak o
CBsI3U, 00pa30BaHHOM 3a CU€T OOIIeH AIMEKTPOHHOU Mmapbl. Yuciao cBs3ei
(KpaTHOCTb CBSI3€i) BEIYMCIISIETCA KaK MOJIypa3HOCTh OOIIEro 4ucia 3JeK-
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TPOHOB HAa CBA3BIBABIIUX W PA3PBIXJIATOIINX MO. B cOOTBETCTBHU C dTUM
B MOJICKYJIC BOJAOPOJa UMECTCs OHA O-CBsI3b:

Me:xaromHoe pacctostHue pasHo 0,74 A Oueprus cBa3u 104 kkayi/mMob.
CocTosiHME MOJIEKYJIbl MOKHO BBIPA3UTh C IMOMOIIBIO 3JIEKTPOHHOM
(bopMyIibl, B KOTOPOM YKa3bIBAIOTCSI CUMBOJIBI MOJIEKYJIIPHBIX OopOuTanein

U CIpaBa BBEPXY YMCIIO JICKTPOHOB, PACIIOJIOAKEHHBIX Ha HUX. DJIEKTPOH-
Hast (hopMyIa MOJIeKyIbl Bogopona Ho/(O1s)?]

MoseKyIsIpHBIA MOH BOJOPOJA Hgl HNonbl nosyyaroTcs B pe3yibTare
MOHM3AIMY MOJIEKYJI BOJOPOa:

H,+ 357 xkxkan = H, +¢.

o + o
E,Z[I/IHCTBGHHBII/I 9JICKTPOH B YaCTHUILIC H2 3aHMMAaeT HauoOosee YCTOHUYH-

By10 (cBsi3bIBaronyt0) O- MO. KpatHocts cBsa3u paBHa 0,5.1103ToMy non
H," sBnsieTcs MeHee YCTOUYHUBOU qaCTI/IL})eI?I, yeM H,. DHeprus cBs3u B H. 5
paBHa 62 KKaJI/MOJIb, 1uHa cB3u 1,06 A.

MonekynspHbli MOH BOJOpPOJA OTIMYAETCS OT MOJEKYJbl BOJOpPOJIa
CBOMMU MarHUTHBIMU CBOMCTBaMHU.

Kak wu3BeCTHO, 3JIEKTPOH XapaKTepU3yEeTCS HAJIUYUEM ITOCTOSTHHOIO
MarHuTHoro MmoMmeHTa. Ecnu B wacTtuiie (MoJiekyiie, HOHE U T.J.) UMEIOTCS
HECTIAPEHHBIE JIEKTPOHBI, TO MATHUTHBIE MOMEHTBI JIEKTPOHOB HECKOM-
MEHCUPOBAHBI, U YaCTHUIA 00J1aaeT MTOCTOSTHHBIM MAarHUTHBIM MOMEHTOM,
OHa MmapaMarHuTHa. Eciu B yacTuliie Bce 3JIEKTPOHBI CIIAPEHbI, TO UX Mar-
HUTHBIC MOMEHTBI CKOMIICHCHPOBaHbI. YacTuiia He 001a4aeT MOCTOSHHBIM
MarHUTHBIM MOMEHTOM U SIBJISICTCS] JUAMAarHUTHOM.

B Monekyne Booposia 3JIEKTPOHBI CHApEeHbl; MOJIEKyJa JhaMarHUTHA
WOH MMEeT OJWH HECHapEHHBIH AJIEKTPOH M 001aJacT mapamMarHUTHBIMU
CBOMCTBaMH.

MounekynspHbiii uoH He, . B none He," umMeeTcst Tpu 3neKTpoHa. Jla

U3 HUX 3aHMMAIOT CBS3BIBAIOILYIO O/s -OpOUTasb, a TPETUN HAXOJUTCS Ha
paspeIxJistonel 0°*/s-opouranu. DieKTpoHHas Gpopmyiia

He, [(01s)’(0*1s)].

KpatHocts cBsizu 0,5, mmnHa cBa3u 1,08 X , dHeprus cBs3u 70 KKaji/MoJb.
YMeHbILIEHNE SHEPTHU 1 YBEJIUYeHHE JIMHEI CBA3H B HOHe He, 110 cpas-
HEHUIO C MOJIEKYJIOi /{, 00yCIIOBIEHO MOSBICHUEM OJHOIO AJIEKTPOHA Ha
Pa3phIXJIAIONIEH MOJIEKYJISIPHON OpOUTAIIH.

Mouekyna He,. B monekyne He, Ha n1Byx MO n0OKHBI pa3MeCTUTHCS

YEThIpE AEKTPOHA. J[Ba M3 HUX JOJDKHBI 3aHATH CBSA3BIBAOILYID O-MO,
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JBa IPYTHX - Pa3phIXJHIONLY0 G*-MO. DJIeKTPOHHOE CTPOCHUE MOJIEKY-
16l He; TOMKHO OBITh:

He,[(0ls)’(0*1s)’].

[TockonpKy nBa pa3pbIXJIAIOMIMX 3JIEKTPOHA YHHUYTOXKAIOT JAEHCTBUE
JIBYX CBSI3bIBAIOIIUX (B JIEWCTBUTEIILHOCTU BIIUSHUE PA3PBIXJISIIOUIETO
AJIEKTPOHA MOXKET OBbITh HECKOJbKO CHIJIbHEE, YeM CBSI3bIBAIOLIETO), TO
CBsI3M HE o0pa3yeTcst U MoJsieKyJia He, CylecTBOBAaTh HE MOXKET.

§ 3. CoMosiiepHble IBYXaTOMHbIE MOJIEKYJIbI 3JIEMEHTOB
BTOPOIO Nepuoia

[Ipu oOpazoBaHuM MOJEKYJIbI TUIA A, U3 ABYX OJMHAKOBBIX aTOMOB (IV,,

O, ¥ T.J1.), UICXO/IHbIE aTOMHbIE OPOUTAIN PABHBI 110 SHEPTUU U BKIIAJ UX B
PE3YNBTUPYIOIINE MOJIEKYJISIPHBIE OPOUTAIN OJJUHAKOB.

BaneHTHbIMU OpOUTAISIMU 3JIEMEHTOB BTOPOTO TMEPUOJAA SIBISIIOTCS

2s-, 2ps-,  2py-, 2p-- opOuTaIU. DIEKTPOHBI NEPBOTO DJIEKTPOHHOTO CIOS

(K- cnmost) He NMPUHUMAIOT y4yacTusi B OOpa30BaHMM XUMHUYECKOW CBSA3U

(4MCIIO AJIEKTPOHOB Ha CBsA3BIBANOINICH O/s-MO paBHO YHMCIY AJIEKTPOHOB

Ha paspeixjstorieiit 6*1s-MO ocTaBisisi OCTOB, KOTOPBIM B 3allCH CTPYK-
Typbl MOJIEKYJIbI 0003HavaeTcs OykBou K.

CoryiacHO NMOJYYEHHBIM 3KCHEPUMEHTAIbHBIM 3HAUECHUSIM SHEPIeTU-
yeckue ypoBHHU MO »J€MEHTOB BTOPOrO MEPHOJia MOXKHO MPEACTaBUTH
cxemotii (puc.34).I1pu snepreTudeckoit 6;m30cTH 28- U 2p -AO DIEKTPOHBI

Ha Oz U Op.- OpOUTANIIX B3aUMHO OTTAJKHBAIOTCSA U TIOTOMY ip,- A Tp; -
MOJIEKYJISIPHBIE OpOUTAIM OKa3bIBAIOTCS DHEPTreTUYECKH 00Jiee BHITOIHBI-

MU, 4eM O, - opouTank. B 3ToM ciaydae mopsiiok 3amoTHEHUH MOJIEKY-
JSIPHBIX OpOMTAIEl HECKOJbKO M3MEHUTCA. Takoe pacrojiokeHue MoJe-
KYJISIPHBIX OpOUTasie HaOIr01aeTCsl Il MOJIEKYJT SJIEMEHTOB Hadaja BTO-
poro nepuoza.

Mounexkyna Li,. DneKTpOoHHas CTPYKTypa atoMa Li Is?2s'. CBs13b B Mo-
nekyJne Li; OCyleCTBISIETCS 3a CUET 2§ -3JIEKTPOHOB, KOTOPHIE pacrioa-

rafoTCs Ha CBS3BIBAIOIICH OZs - MOJIEKYJISIPHOM OpOUTAI. DHEPTHs CBA3U
B MOJIEKYJIE COCTaBJSET 25 KKaJ/MOJIb. DIEKTPOHHAs! CTPYKTYpa MOJIEKY-
bt Li; [kk(02s)?]

Monekyna Be,. Moiekyina Be, 10JKHA UMETh CTPYKTYPY

[kk(02s)* (0*2s)°].

C JABYMs CBSI3BIBAIOLIVMMH U JIByMS Pa3phIXJISIOIMIMMU JIEKTPOHAMU, YTO

CBUJETENBCTBYET 00 OTCYTCTBUU CBA3H. Mouiekyna Be, He 0OHapy KeHa.
Mouekyna B, BaneHTHbIMU 3JIEKTpOHAMM B aTOM€ OOpa sBJISIOTCS JBa

S- U OAVH p- DJIEKTPOHBI. Pacniosaras mecTh 3JIEKTPOHOB JABYX aTOMOB 00-
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Puc.34

Ouepreruueckre ypoBHu MO MOJIEKYII 2JIEMEHTOB
BTOPOTO Meproja Mpy 3HAYUTEIbHOH (@) U MpHU He-
3HAYUTEIHHOH (0) SHEPreTUUECKOM pa3inyuu
2s-u 2p- AO
pa Ha MOJIEKYJISIPHBIX OPOUTANISIX COIVIACHO SHEPIeTHYECKON Iuarpamme

JUIS SJIEMEHTOB Hayana BTOPOro MEepUoa, MOJYyYUM 3JIEKTPOHHYIO CTPYK-
TPy MOJIEKYJIBI:

B[kk(02s)’(0*2s)*(m2p,) (m2p.)'].
BHGKTpOHLI pacipeaciritoTCa Ha MOJICKYJIIPHBIX 0p6I/ITaJI5[X COrJiIaCHO
npaBuiy ['yHaa, 4To MpUBOAMT K HAJWYUIO B MOJIEKYJIE B, IBYyX HecHa-

PEHHBIX DJIEKTPOHOB Ha TI2p,, . - MOJIEKY IAPHBIX opoutanax. B monekyie
uMeeTcs /T-CBsa3b. JlauHa cBssu 1,59A | sHeprus cssu 69 kkan/mois. Ha-

JUYHUC ABYX HCCIIAPCHHBIX J3JICKTPOHOB O6YCJ'IOBJ'II/IBa€T mapamMaraCTu3sm
MOJICKYJIBI.
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Mouekyna C,. DneKTpOHHAs CTPYKTypa MOJIEKYJIBI yIiIepoaa
Cs[kk(02s)’(0*2s) (m2p,)’ (m2p.)°].

Mounekyia HE COAEPKUT HECTTAPEHHBIX AJIEKTPOHOB, B HEM OCYIIECTBIIS-

€TCsl ABE TT-CBA3U. JTO COIVIACYETCA C HAaWIECHHBIMU SKCIIEPUMEHTAIIBLHO
3HaYeHUAMH dHeprun cBs3u (150 kkan/monb) u quHbl cBs3u (1,31 A).

Mouekyna N,. AToOM a30Ta UMEET IATh BAJIEHTHBIX 3JIEKTPOHOB, PacIo-
JOKEHHBIX Ha 25-, 2py-, 2py-, 2p.- AO. Ilpu 0Opa3oBaHuu MOJEKYbI N,
Ha MOJIEKYJISIpHBIX opOuTanax pasmemiaercs 10 snexkTpoHoB. B cooTBet-
CTBUM C DHEPreTHUYECKOW AUarpaMMoOM MOKHO 3aIlMCaTh JJIEKTPOHHYIO
CTPYKTYPY MOJIEKYJIBIL:

Ns[kk(02s)°(0*2s)°(m2p,)’ (W2p.)°(62p.,)°].

B MOJICKYJIC a30Ta OCYLICCTBIIACTCA TpOﬁHaH CBiA3b, COCTOAIIAA U3 OI-

HOW O- W JABYX TT-CBsized. Takoe KOJMYECTBO CBSI3€M SIBJISIETCS MAKCH-
MaJIbHBIM IS ABYXaTOMHBIX MojiekyJ. [loaTomy Mosekyna N, xapakre-
pusyercs BI)(%COKOI\/'I HEpruen cBs3u (225 KKaJ/MOJb) U MaJOW JIMHON
cBs3u (1,10 A ).

Mouekyna O,. Monekyna Kuciaopoja NapaMarHWTHA, W BEJIWYUHA €€
MMOCTOSIHHOI'O MAarHUTHOTO MOMEHTa OTBEYAET HAJIWYUIO JBYX HECHapEH-
HBIX 3JIEKTpOHOB. llapamMarHeTnsM MOJNEKYJbl KHUCIOpPOAA OOBICHSIETCS
MetogoM MO, B To BpeMs Kak B pamkax Teopun BC Hanmuuue AByx Hecna-
PEHHBIX AJIEKTPOHOB COBEPIIIEHHO HEOOBSICHUMO. DJIEKTPOHHAs CTPYKTYypa
MOJICKYJIbI

Oo[kk(02s)’(6*25)*(02p.) (R2p,)*(w2p.)*(w*2p,)' (*2p.)'].

B monekyne umeercs aBe cBsi3u (0HAaO-, Apyras T-) U JiBa HACMApPEH-
HBIX AJIEKTPOHA, Ha paspbeixisitomux MO. MoneKyga BECbMA YCTOWYMBA.
Oueprus cBszu 118 kkan/monb, nuuHa cBsizu 1,21 A . OgHako mosiBIeHUE
AJIEKTPOHOB Ha pa3pbIxisitoniux MO CHHXXAeT yCTOMYMBOCTh MOJIEKYJIbI
KHUCJIOpOJa MO0 CPAaBHEHUIO C MOJIEKYJION a30Ta YBEIIMUMUBAET JJIMHY CBSI3H.

Mouekyna F. DnekTpoHHast popmyJsia MOJIEKYJIbI pTopa

Fo[kk(02s)’(0*25)°(02p)*(R2p,) (R2p.)° (W*2p,)* (m*2p.)"].

OTBEYaeT O0pa30BaHUIO OJHOW O-CBA3M U OTCYTCTBHUIO HECIApEHHBIX
DJIEKTPOHOB. N([)OJIGKYJIa JTMaMarHUTHA, SHEPTHUsS CBA3U 38 KKaj/MOJIb, IJT1-
Ha cBs3u 1,42 A

Mounekyny Ne, oOHapyXuTh He ynanock. [IockoibKy 3J€KTpOHHas
KoH(pUrypamus MoieKysibl TpedyeT 3anoyiHeHus: Bcex MO, 4uCcIo CBS3BI-
BAIOIIMX 3JICKTPOHOB CTAHOBUTCS PABHBIM YHUCIY Pa3PBIXJIIONIAX 3JICK-
TPOHOB U MPEACKA3bIBAEMbIN MOPAIOK CBSA3U PAaBEH HYJIIO.
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Ha puc.35 u 36 nanel

CXEMbI 3allOJIHEHUS MO- - 82 R N,
JCKYJIAPHBIX ~ OopOUTaNIeh 5;‘ - — —_—
DJICKTPOHAMH B MOJIEKY- S , ' ‘
JaxX 3JIEMEHTOB BTOPOTO Ty ‘ﬁ! S
'y -

repuoja. ' o

Ilpu  paccMoTpeHHH G - . ’ "H' '
JIPYTUX MOJIEKYJ Thna A; : “p o, + [ - .
MO>KHO TI0JIb30BaThCS . z L WH— -H- —H- -H- |
CXEMOH DHEPreTUYECKUX -‘55_ -H- S -H- - -H-
YPOBHEH MOJICKYJIIPHBIX 4 \ e

s W W

opOuTanei mjIsi 3JIEMEH-
TOB BTOPOTO IIEPHOJIA,
U3MCHUB COOTBETCTBYIO-

Puc.35.
UM 06pa30M 3HAUCHHUC CxeMa 3amoJIHeHUS BAJIEHTHBIMH OJICKTPOHaAMH
IJJABHOTO  KBAHTOBOT'O opbHTancii Moeky By, Cs, N
YHCIIa.
0; o Ne;

g o= —
IR e e o s o
IR S
G K W |

==
+
3

¢s  H W
Puc.36.

Cxema 3aIoJTHEHUS BAJICHTHBIMHE JICKTPOHAMH
opbouraneit monexyn O,, F», Ne;

§ 4. T'eTeposiiepHbIe JIBYXaTOMHbIE MOJIEKYJIbI

Moumnekyiibl, COCTOSIIIME U3 aTOMOB PA3JIMYHbBIX 3JIEMEHTOB, Ha3bIBAIOTCS
reTeposAEPHBIMU (TE€TEPOHYKIICAPHBIMH).

Korga nBa pa3HbIx aToMa B3aUMOJECUCTBYIOT C 00Opa30BaHUEM MOJIEKY-
abl TUNa AB, TO cTeneHb BKIIaJa aTOMHBIX OpOUTasell B PE3yIbTUPYIOILIKE
MOJIEKYJISIPHbIE OpOMTaNM pa3jinyHa. S- U p-aTOMHbIE OpOMTaIU OoJjee
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AIEKTPOOTPULIATEILHOTO 3JIEMEHTa PACIOJIOKEHbI HO SHEPTUU HUXKE S- U
p-aTOMHBIX opOuTaneit MeHee 3IeKTPOOTPUIIATEIbHOIO JIEMEHTA U SIB-
nsitotest 6onee ycroitunBeiMU. [loaTomy cBsizbiBaromias MO Oyner Oimke
1o sHepruu K ucxoauor AO 0osee IEeKTPOOTPHUIIATEILHOTO aToOMa, dJIeK-
TPOHHAs MIOTHOCTH BO3JI€ TAKOTO aToMa BhbIIIE, U CBs3b B MoJiekysie AB
SIBJISIETCS TIOJISIPHOW. boJiee 3IEeKTPOOTPUIIATENBHBIN AJIEMEHT HAET MEHb-
Iy CTENEHb BKJIaJa B PE3YJbTUPYIOULYIO PA3PIXIISIONLYI0 MOJICKYJISIp-
HYI0 OpOUTaJIb.

Ha puc.37 npuBoasTCs SHEPreTUUECKUE YPOBHU MOJICKYJISIPHBIX OpOU-
Tajel MoJiekyJ tuna AB, e B- 0osee 2JIeKTpOOTPUIIATEIHHBIN 2JIEMEHT.

Al MO0 - AD
A R S
R A '\\
ns 7 \
( N
, \ e \\
PRI T ns
\ S )———7
\ Ve :
\ 4 ’
L_...._//
< A 6 .
Puc.37

DHepreTuuecKrue ypoBHU opouTaneit mosexkyinsl AB.
Atom B Gosiee amekTpooTpuIiaTesieH, 4ueM aToM A.

PaccmoTtpum psig MOJIEKyI.

Monekyna CO. Monekyna CO HU303JIEKTPOHHA C MOJIEKYJIOH N,. OHU
coJiepKaT OJAMHAKOBOE YMCIIO BaJIEHTHBIX 3J1eKTpoHOB (10) u umeror oau-
HAKOBYIO 3JIEKTPOHHYIO KOH(UTypaLIHIO

CO [kk(02s)’(0*2s)°(m2p,)*(T2p.)° (02p,)°].

KOTOpasi OTBEYAET o6pa303a1({)mo OIHOU O- U JBYX Tl-CBA3€H. [[nmnHa cBA3n
B MoJsiekysie CO paBHa 1,13 A , sHeprus cBsi3u 256 KKaJl/MOJIb.

Mouekyna NO. Monekyna NO conepxut Il BaJeHTHBIX 3JEKTPOHOB U
OMUCBIBAETCS JIEKTPOHHOU (hopMmyIion

NO [kk(02s)°(0*2s)°(R2p,)*(T2p.)° (02p,)’ (m*2p,)'].

N30BITOYHOE YHCIIO CBSI3BIBAIOIIUX D3JIEKTPOHOB paBHO S5, (GopMaiabHO
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yucio ces3el 2. B monekyine NO uMeeTcsl OIMH HECHApEHHBIN 3JIEK-
TPOH, HO MOJIEKYJIa HE TUMEPU3YETCA, TaK KAK AJIEKTPOH PACIOJIOKEH Ha
paspoixiisitomier MO u He MOXer 00pa3oBbIBaTh MPOYHOU CBs3U. J[yiMHA
cBs3U B MoJiekyne 1,15 A | sneprus cBs3u 162 kkain/mons. Ecinu u3 morne-
KyJbl NO yIaauTh pasphIXISIONMi 37IeKTpoH, To nogydutcs uod NO', B
KOTOPOM CBSI3b KOpOYE M MpoyHee, 4yeM B Mojekyie NO (IjauHa CBS3U
1,06 ,sHeprus cBs3u 251 Kkan/mMoJb).

Monekyna HF. BanentHeiMu opoutansiMu atoma ¢ropa SBISIOTCA 2s-,
2ps-,  2py-, 2p.- opburanu. AToM BOJ0OPO/Ia UMEET BAJIEHTHYIO OPOUTAIIb -
Is. 2s-opbutans atoMa (pTopa pacmoyioKEeHa CIUIITKOM HU3KO U HE MOXKET
ObITh CpaBHEHA IO 3HEpPIruM ¢ /s-opOutanpio atoma Bojopoaa. Iloatomy
B3aUMOJICUCTBUSL MEXKIY 3TUMH OPOUTAISIMU HE MPOUCXOAUT. ATOMHBIE
opOutanu 2p, u 2p, HE MOTYT B3aMMOJIEHCTBOBATh C /s-OpOUTANIBIO BO-
opoja, Tak Kak He 00J1ajaloT HeoOXoauMol cummerpueil. B pesynbrare
nepeKphIBaHusl 2p,-aTOMHON opOuTanu ¢ropa ¢ /s- aTOMHON OpOUTAIIBIO

BOJOpOaa 00pasyroTcs Oy U Oy - MOJeKyJsapHble opOuranmu. O0a diek-

TPOHA pa3MecTATCS Ha cBa3biBatoliel Ox-MO (puc.38). Tak kak ¢pTop 5B —
JSIETCA CUJIBHO 3JEKTPOOTPUILIATEIbHBIM
AJIEMEHTOM, TO OOJblIas YacTh 3JIEK-

AD M0 A0 TpOHHOH  IUIOTHOCTM  PACIOJIOXKEHA

_ Il ' BOMM3M aromMa (dropa, T.e. PE3YJbTHU-

/"_—L\ pyroliasi CBSI3bIBAIOIIAST MOJICKYJIApHas

Is ,’ \ opOuTanh MOJSIPU30BaHA, MOJIEKYyJa TO-

e \ asipHa. OCHOBHOE COCTOSTHUE MOJICKYJIBI
\ \\ 20, omucsiBaeTcs popmynoit HF /(o))

\‘ >__x. O6nacte npumeHenuss meroga MO

/ OYEHb MHUPOKA. B HacTosiee BpeMs Co-

\ / CTaBJIEHBI OOIIME CXEMBI MOJICKYJISIPHBIX

Ly'—/ opOuTane s AByX W MHOTOATOMHBIX

X MOJIEKYJl Pa3JIMYHON CTPYKTYphl (JIU-

Pic.38 HEWHBIX, VYIJIOBBIX, TETPadAPUUCCKUX,

DHepreTHyecKue ypoBHH OpOH- KBAJIPaTHBIX U TPOY.).

Taneit mosiekynsl HF

Ocob6enHo yaoben meroq MO mpu onmMcaHUM MOJIEKYJ C HEJTOKaInu30-
BaHHBIMU CBs3siMU. Hampumep, B MoJiekysie OeH301a MECTh p,- opOuTaen
IIECTH aTOMOB yriiepoia 0o0pa3ylOT TPH CBS3BIBAIOIIMX U TPU Pa3phIX-

JSIOMMUX T-MOJEKYJISIpHbIX opOutanu. IllecTh p.-37€KTPOHOB 3aHUMAIOT

TpH cBsi3bIBaroux T-MO (puc.39).
B ciyyae MHOTr0aTOMHBIX MOJIEKYJT C JIOKQJIM30BAHHBIMH CBSI3SIMH KasK-
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4 Hew
_..H_

2p,-A0 yenepoda A-M0 Spn3oaa

Puc.39

Cxema pacnpeaeneHust TT-3JEKTPOHOB B
MOJIeKyJie OeH3071a

nasi CBSI3b MOXKET OBITh ONMMCaHa Kak 00pa3oBaHHAs Mapoil SJIEKTPOHOB Ha
MOJIEKYJIIpHON opOuTanu, oxBaThiBarollel nBa atoma. [lpu aenokanuzo-
BaHHBIX CBs3siX MO 0XBaThIBa€T HECKOJIBKO aTOMOB. B Mosekyne GeHzoa
HIECTh AIEKTPOAOB HAXOIATCS HA MECTULEHTPOBBIX MO, 0XBaThIBAIOIINX
BCE€ ILIECTh YIJIEPOJIHBIX aTOMOB, a OCTAJIbHbIC BAJICHTHBIE 3JIEKTPOHBI 00-
pPa3yroT JIOKAJIM30BAHHBIE CBSA3H.

Metonq MO mHpOKO HCHOJB3YETCS TaKke sl OOBIACHEHUS CBOMCTB
Pa3IMYHBIX KOMIUIEKCHBIX COEUHEHHU.

Pacuer sHeprum mosiekynbl wiam moHa 1o Mmetoxy MO BbIOJIHSETCA
npoie, 4em 1mo meroay BC, olHaKo Impu MpakTUYECKOM HCIIOJIb30BaHUU
Metona MO cocTaB MOJIEKYJ U UX T€OMETPUYECKOE CTPOCHHE JTOJKHBI
obITh 3a7aHbl. MeTonsl MO u BC He mpotuBopedat apyr apyry. [lpu pe-
IIICHUU KOHKPETHBIX 33/71a4 OOBIYHO HCIOJB3YIOT METOJ, JIyYIle OOBsC-
HSIFOIUN CBOWCTBA XMMUYECKOU CBSI3U B JAHHOM CIIy4ac.
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IaasaV. MEXXMOJEKYJSAPHOE B3AUMOJENCTBUE

§ 1. Buabl MeKMOJIEKYJISIPHOIO B3aUMO/1€iiCTBUS

VYcToilunBeIe U B LIEJIOM 3JEKTPOHENTPAIIbHBIE MOJIEKYJIBI MOTYT B3aM-
MOJICMICTBOBaTh MEXIY COOOM M, B YACTHOCTH, HCHBITHIBATH B3aWMHOE
OPUTSHKEHUE. DTO MPUTSKEHUE TPUBOAUT K KOHICHCALIMU MOJIEKYJI ra30B,
K 00pa30BaHUIO MOJICKYJISIPHBIX KPUCTAJIOB, SBJISIETCS MPUYMHON aji-
COpOILIMH BEIIECTB; OHO MPUBOAUT K aCCOLMUAIMU OJTHOTHUITHBIX MOJIEKYJI, K
00pa30BaHMIO KOMIUIEKCHBIX COCIMHEHUN U T.J.

B3anMozeiicTBue MeXIy MOJIEKYJaMU, KOTOPOE€ HE COIPOBOKIAETCS
U3MEHEHUEM HX BJIEKTPOHHBIX 000JOUYEK, HA3BIBAIOT MEXKMOJICKYJISPHBIM
WIM BaH/IEpBaajbCOBBIM B3aUMOJICUCTBHEM (110 UMEHHU TOJIIaHACKOro (u-
3uka Ban-nep-Baanbca). BanaepBaaibcoBo B3auMOJEHCTBUE MPOSBISAETCS
BO BCEX arperaTHbIX COCTOSIHUSIX BEILIECTBA.

YacTHBIM CITy4aeM MEXMOJIEKYJIIPHOTO B3aUMOJICUCTBUS SIBIISIETCS BO-
JIOPOJIHASI CBA3b.

OcoObIif BUA MEXMOJEKYJISPHOTO B3aWMOJCUCTBUS MPEICTABISIET CO-
00M1 IOHOPHO-AKIIEITOPHOE B3aUMO/ICUCTBHE.

§ 2. BanaepBaaJibCOBO B3aUMO/ICHCTBUE

Cuiibl BaHZepBaaibCcOBa B3aMMOJICHCTBHSI UMEIOT 3JIEKTPUUECKYIO MPU-
poay. [Ipu cOMMmKeHN MOSIPHBIX MOJIEKYJT UX MPOTUBOIOJIOKHBIE TIOJIO-
ca MPUTATUBAIOTCS, & OJTHOMMEHHBIE OTTaJIKUBAaOTCA. MoJIeKyJibl onpeie-
JICHHBIM 00pa30M OPUEHTUPYIOTCS MO OTHOILIEHUIO APYT K APYTy, IpUUEM
B3aMMHOE MPUTSHKEHUE PA3HOMMEHHBIX IOJIFOCOB, KOTOPBIMU MOJIEKYJIbI
MOBEPHYTHI APYT K JPYTY, NPEBATUPYET HAJ OTTAJIKUBAHHEM OJHOMMEH-
HBIX NOJIIOCOB. 1103TOMY MeE)y MOJEKYJIaMHU JEHCTBYIOT CHIIBI PUTSKE-
HUS, MOJIEKYJIbI COMMXKAIOTCS U OKa3bIBalOTCs 00Jiee MM MEHEe MPOYHO
CBSI3AHHBIMHU JPyT C JApyromM. BaHnepBaanbCOBBI CHIIbI, 00YCIOBJICHHBIE
B3aMMO/JICHCTBUEM ITOCTOSIHHBIX JIUIIOJIEH, HA3bIBAIOTCS OPUEHTALIMOHHBI-
MU CUJIAMHU.

[Ipu cOMMXeHUU MOJAPHBIX MOJIEKYJ .MPOUCXOAUT Jedopmaius Kax-
JOM M3 HHUX TOJ ACUCTBHMEM OJIMKE PACIOJIOKEHHOIO IMOJIKOCA COCEIHEN
MoJieKyJbl. B pesynbrare nedopmanny BOZHUKAIOT WHAYLUPOBAHHbBIE JTU-
nosii. OHU B3aUMOJCHCTBYIOT APYT C APYTrOM M OOYCIIOBIMBAIOT IMOSIBIIC-
HUE TaK Ha3bIBAEMbIX MHAYKIIMOHHBIX CHJI, KOTOPBIE, KAK U OPUEHTUPO-
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BAHHBIE MPOSBIIIOTCS BO B3aUMHOM IPUTSDKEHUM MoOsekysd. [loatomy
MEXMOJIEKYJIIPHOE B3aUMOJICUCTBUE YCHUIIUBAETCS.

[Tpu cOnMM>KeHUM TOJIIPHON U HETOJSPHOM MOJICKYJT B TOCJICIHEH WH-
NyLUAPYETCS JUIIOIb, KOTOPBIM B3aMMOJEUCTBYET C IUIIOJIEM MOJSPHOMU
MOJIEKYJIbI (MHAYKIIMOHHOE B3aUMOJIEUCTBUE).

[Ipu cOmmxeHun ABYX HEMOJIIPHBIX MOJEKYJ MEXKIYy HUMH TaKKe BO3-
HUKAEeT HEKOTOpoe B3auMoneicTBue. OHO CBA3aHO C HENPEPBIBHBIM JBU-
YKEHUEM aTOMHBIX SIEP U JIEKTPOHOB, COCTABIIAIOIIMX MOJIEKYJly. biaro-
Japsl 3TOMY JBWIKEHHUIO B MOJIEKYJIE B KAKOM-TO MOMEHT BPEMEHU MOXKET
UMETh MECTO HECUMMETPUYHOE CMEIIECHUE MJIOTHOCTU SJIECKTPOHHOTO 00-
JlaKa M0 OTHOLIEHHIO K LIEHTPY MOJIEKYJIBI U, CJIE€A0BATEIbHO, BPEMEHHOE
BO3HUKHOBEHHUE JIUIOJISA. DTOT IUMOJb BIOJIHE OTpPEJIETICHHO BIUACT Ha
OPUEHTAIIMIO TOAOOHOTO € BPEMEHHOTO
JIUIIOJISI, BOZHUKAIOIIETO COCEAHEN MOJIEKY-
ne. Bo3Hukaromye TakuMm. 00pa3oM JUIONIU
MOTYT CyIIECTBOBATh JIMIIb OYEHb KOPOTKOE
BpEMsI, HO OIIPEEJICHHAas COTJIACOBAHHOCTH
X OpPHUEHTALHUSI COXPAHSIETCA MPHU KaXKIOM
CIIeAYIOIIEM UX MOosBIeHUU. COCenCTBO pas-
HOMMEHHBIX TOJIFOCOB JIUIOJEH BO300HOB-
JsIeTCsl MPAKTUYECKU HEMPEPBIBHO U 00ycC-
JIOBJIMBAET IOCTOSIHHO JIEMCTBYIOINE MEX-
Iy MOJIEKYJIAMHU CWJIbl NPUTSHKEHUS, Ha3bl-
BaeMbl€ JUCIIEPCUOHHBIMU cuiiamu (puc.40).

Nrak, BaHIE€pBaaibCOBO B3aMMOJCHCTBUE
00yCIJIOBJICHO JEWCTBUEM OPUEHTAIIMOHHBIX,
VHIYKIMOHHBIX U AUCIEPCUOHHBIX cvil. OT-
HOCUTEJIPHOE 3HAYEHUE Ka)KIOTO BHJA CHII
3aBUCUT OT MOJSIPHOCTH U JAePOpMHUPYEMO-
CTU MOJIEKYJI. IHAYKIIMOHHBIE CUIIBI UTPAIOT
OOBIYHO BTOPOCTENEHHYIO pOjb. M3BecTHO,
YTO OPUEHTALMOHHBIE CHJIBI UTPAIOT MPE00-
JAJAOLIYI0 POJIb TOJIBKO B ClIy4ae CHUJIBHO
NOJIAPHBIX U CPaBHUTEIBHO TPYIHOAEPOp-
MHUPYEMBIX MOJIEKYJN Bojabl. Kak mpaBuio,
nehopMUPYEMOCTh APYTUX CUIIBHO MOJSIP-
HBbIX MOJIEKYJ 3HAYUTEIBHO BBIIIE, YEM MO-
JIEKYJI BOJbI, U OCHOBHYIO pOJIb B MX B3au-

Puc.40
MOJICHCTBUH MTPAIOT AUCIICPCUOHHBIC CHIIBL.  BiapmoneiicTBHE MONEKYI:

Tem 06ojiee 3TO OTHOCHUTCS K MAaJIOIIOJIAPHBIM ~ a — OPUCHTAlMOHHOE,

Y HETIOJISIPHBIM MOJIEKYJIaM. 0 — MHIYKIHOHHOE,
B — INUCIICPCHUOHHOC.
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JluciepcuoHHOE  B3aMMOZEHCTBHE  00laaeT psAIoOM  OCOOEHHO-
cTei:1)oHO YHUBEpCaIbHO, T.€. IPUCYIIE BCEH MOJIEKyJiaM (B TOM YHUCJE U
OJIHOATOMHBIM MOJIEKYJaM MHEPTHBIX ra3oB); 2) MPOSBISIETCS TOJIHKO Ha
OUYEHb MaJIBIX PACCTOSHUAX (B ra3ax OHO OTCYTCTBYET); 3) HEHACHIIIAEMO,
T.€. OJTHA MOJIEKYJIa MOKET B3aUMOJIEUCTBOBAThH C OOJIBIIUM KOJIUYECTBOM
npyrux; 4) sHeprusi AUCIEPCUOHHOTO B3amMojeicTBusi Hepenuka (0,2-2
KKaJI/MOJIb, T.€. IPUOIU3UTENBHO B CTO Pa3 MEHbIIE IHEPTHUH XUMUYECKOM
CBSI3HM); 5) MPOSIBIAETCS OHO BCErJa TOJBKO B MPUTSKEHUU; 6) OHO TEM
Oosblilie, yeM OOJIbIIe MOJIEKYJISIPHAsl Macca BEUIeCTBa U, CJIEOBATENbHO,
MOJIIPU3YEMOCTb €r0 MOJIEKYI.

Yem Oosbllie MEXMOJIEKYJISIPHOE B3aMMOJCHCTBUE, OO0YCIOBIECHHOE,
TJIaBHBIM 00pa3oM, JUCHEPCUOHHBIMU CUJIAMU, TeM IpHU 0ojee BBICOKHX
TEMIIEPATypax OCYIIECTBIISIETCS MIEPEXO0/T BEUIECTBA U3 TBEPJIOTO B JKHUJIKOE
U U3 KUJKOrOo B razoo0pa3zHoe cocrosinue. [loatomy B psigy XUMHYECKU
CXOJHBIX BEIIECTB MO MEpEe BO3PACTAaHUsI MOJEKYJSIPHON Macchl BO3pac-
TalOT TEeMIEPATyphbl IJIaBJIeHUs U KuneHus. [Ipumepom sBisieTcss X0 U3-
MEHEHUS ITHUX KOHCTAHT B Psily MHEPTHBIX ra30B U B TOMOJIOTHYECKHUX Psi-
JaX yIJIeBOJIOPOJIOB.

JlucriepcuoHHOE B3aMMOJICHCTBHE TPEKpaIaeTcs Py UCIAPEHUU TBEP-
IBIX TEJl U KUAKOCTEH, M0 TEIUIOTaM HCIApEeHUusi CyaiaT 00 dHEpPruu Juc-
IIEPCUOHHOTO B3aUMOJCUCTBUA.

8 3. Boxopoauas ¢cBA3L

ATOM BOJIOpOJa COEAMHEHHBIN C AaTOMOM CUJIBHO AJIEKTPOOTPUIIATEIb-
HOTO 3JIEMEHTa MOXKET 00pa3oBaTh €mi€ OJIHY CBsI3b, MEHEE IPOUYHYIO, YEM
oObIYHAs BaJICHTHAs! CBSA3b - BOJOPOJIHYIO CBS3b. BomopoaHas CBsA3b 3TO
0coObIi TUT cBsi3u. OHA O0YyCIIOBJIEHA TEM, YTO B PE3yJIbTaTe CMEIICHUS
AJIEKTPOHHOM ITUIOTHOCTH OT aTOMa. BOJAOPOIA K BJIECKTPOOTPHUILIATEIILHOMY
aToMy, aTOM BOAOpOJa MpHOOpETaeT CXOJACTBO ¢ MOHOM Bojaopoaa. Mon
BOJIOPOJIA SIBIISIETCSI YHUKAJIBHOM XWMHWYECKOW YACTHUIIEH MPEACTABISACT
co0oit spo (IIPOTOH), JIMIIEHHOE AIEKTPOHHOU 000J10uku. OH HE OTTalI-
KHBAETCSl DJEKTPOHHBIMH OO0OJIOYKAMH JPYTHX YaCTHUI[, a HUCIBITHIBACT
TOJBKO NPUTSHKEHWE K HUM. [IpOTOH B THICSYM pa3 MEHbBIIE OCTAIBHBIX
HMOHOB, MO3TOMY MOJIIPU3YIOIIEE JECUCTBUE €ro O4eHb BEIUKO. OTCYTCT-
BUE DJICKTPOHHON 00OJIOUKH IO3BOJIICT MOHY BOJIOPOJIa MPUOIU3UTHCS Ha
OYCHBb MAJIOE PACCTOSHUE K KAKOMY-JTHOO OTPUIIATEIIFHOMY HOHY, IPUYEM
nociaeaHui aedopMUpyeTcs TakKuM 00pa3oM, YTO MPOTOH OKa3bIBAETCS
Kak Obl BHEIPEHHBIM B ero ob6osjouky. Mon H' moxer BHEAPSTHCS U B
ANEKTPOHHYIO 00O0JIOUKY HEKOTOPBIX MOJEKYJ, 00pa3ysl CIOXKHBIE IMOJIO-

KUTCIJIBHBIC NOHBI, Hanpnmep
H + H,0 = H;0;
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H'+ NH;=NH,;
I‘]ﬂL + N2H4 = N2H5+,'
I‘]ﬂL + CHgOH: CH30H2+ .

CnocoOHOCTh B3aUMOJEHCTBOBATh C JIEKTPOHHBIMU 000JIOYKAMH KO-
HOB M MOJIEKYJI IPUCYIIA HE TOJIBKO MOHY BOJAOPOJA, HO U aTOMY BOJIOPO-
J1a, CBSI3AHHOMY TOJISIPHOM CBSA3BIO C @TOMOM OJHOTO U3 AJIEKTPOOTpHUIIa-
TEJIbHBIX AJIEMEHTOB, YTO U SIBJIAETCS MPUYUHON 0Opa3oBaHUs BOJOPO-
HOU CBSI3U

BonopoaHyto CBsI3b MOKHO PaclieHUBATh
a) KaK pe3yJbTaT 3JIEKTPOCTATUYECKOTO B3aUMOJICHCTBUS MEXKTY MOJIO0KHU-
TEJIbHO MOJSPU30BAaHHBIM aTOMOM BOJOpPOJA U JIPYTMM aTOMOM, MOJSPH-
30BaHHBIM OTPHUIIATENILHO; 0) KakK JOHOPHO-aKIENTOPHOE B3aMMOJICUCT-
BHE, TPUYEM aTOM BOJIOPOJA, OT KOTOPOro OTTSIHYTa 3JIEKTPOHHAs IJIOT-
HOCTb, MPOSIBJISIET aKIENTOPHBIE CBOMCTBA. JIOHOPHO-aKIIENTOPHOE B3au-
MOJICHCTBHE OOYCIIOBIMBAET HAMPABICHHOCTH BOJOPOJIHOW CBs3u. Crio-
COOHOCTh K 00pa30BaHUIO BOJAOPOIHOM CBS3U MPOSBISIETCS TEM CHUIIbHEE,
yeM OO0JIbIIe 3JIEKTPOOTPUIIATEILHOCTh U MEHBIIIE pa3Mepbl aToma, C KO-
TOPBIM YK€ CBsi3aH atoM Bojopoza. [loaromy oOGpazoBaHue BOJAOPOIHOM
CBSI3U XapaKTEpHO MPEXIE BCErO MJii aTOMOB BOJIOPOJA, CBSI3AHHBIX C
(GTOpPOM M KHCIOPOJOM, B MEHBIIICH CTEMEHU - C a30TOM, €II¢ B MEHBIICH
CTEICHHU - C XJIOPOM U CEpOi.

DHeprusi BOJOPOJHOM CBSI3M TOPa3 0 MEHBIIE, YEM KOBAJIEHTHOM, HO
3HAQUYUTEJILHO BBIIIE YHEPIUM BaHAEPBaalbCcOBa B3aMMOJICUCTBHUSI, Tak,
SHEPrusl BOJAOPOIHOM cBsi3M H...F' (BomopoaHas CBs3b 0003HAYACTCS TOY-
KaMmH) paBHa npudbamsutenbHo 10 kkan., H...O - okono 5 kkain., H..N -
OKOJIO 2 KKaJ.

OO0pazoBaHreM BOJIOPOIHOM CBSI3U OOBSICHSAETCS CUIIbHASI CKIIOHHOCTh K
acconuanuu (T.e. K COeJJUHEHNE HECKOJIbKUX OJMHAKOBBIX MOJIEKYJ B OJI-
Hy OoJiee KpYITHYIO YacTHIy) BOJOPOJHBIC COCIUHEHUN (TOpa, KUCIOPO-
Jla ¥ a30Ta.

Acconuarnusa mosiekya HE  BbIpakaeTcsi CXeMO

Jlaxe B mapax (TOpPUCTBIN BOJOPO/J CYIIECTBYET B BuAe vactull (HF),.
Jl1s1 GONBIIMHCTBA YacTuIl # = 4, HO MOXXET OBITh paBHO 5 U 6.
BaxxHy10 pojib UTPAIOT BOJOPOAHBIE CBSI3U B CTPYKTYpE BOJBI U Jibja. B

CTPYKTYpE JibJla KaXJIbIii aTOM KUCJIOPOIa TETPadAPUUECKH CBSI3aH C ye-
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THIPbMS APYTUMHU aTOMaMU KH-
CJI0pPOJIa; MEXIY HUMH pacro-
JaraloTcsi aToOMbl  BOJIOPOJA.
JIBa aroma BoOJOpOAa COEIU-
HEHBI C JAHHBIM aTOMOM KH-
CI0pOJa TMOJISIPHOW KOBAJICHT-
HOM  CBSA3bIO (JUIMHA CBSI3U

0
0,99 A ), a 1Ba APYTHX, BXO-
JSUX B COCTaB JBYX COCEH-
HUX MOJIEKYJl BOXbI, - BOJO-
POIHON CBS3BIO (IIJIMHA CBSI3U

0
1,76 A ). Takas axypHas

cTpykTypa (puc.41) oOycnoB-
JMBAET HEOOJIBIIYIO MJIOTHOCTh

Puc.41 nppa. Ilpum mnmaBneHun nbaa
Oxpy»KeHHE MOJICKYJIBI BOJBI B CTPYKTY- 4acTh  BOJOPOJHBIX  CBSA3EH
pe Jpaa. paspyuaercs,  Iycrora B

CTPYKTYpE JbJa 3aIOJIHICTCS
MOJICKYJIAMH BOJIbI, YTO TIPHU-
BOJUT K TOBBIIICHHUIO TJIOTHO-
I—« /H CTH BEIECTBA.

OnnH—0 B kuakoll Boje BOJOPOJHAS
CBA3b 00pa3yercsa MEXIy aTo-
MOM BOJIOPOJIa OJTHON MOJIEKY-
JI6I BOABI 1 aTOMOM KHCJIOPOJIa

JIpyroi MoJeKysl (puc.42).
Bo3MoxHo obpa3oBanue u 60-
1 Jee CIOXHBIX vacTtull. Hawu-
H/ \H OOJBIIEH YCTOMYMBOCTBIO 00-
O—H nagaet yactuusl (H,0),, obpa-
30BaHHE KOTOPBIX, 1o-
BUJIUMOMY,  COIIPOBOKIAETCS
BO3HMKHOBEHHEM JIBYX BOJIO-

\
/Q
E\Q/m

Puc.42 POJHBIX CBSI3EH:
Bonopoansie cBs3u B Boae H—(‘) 1‘{
H [RERNEI 0 7H

BOI[OpOI[HaSI CBA3b MOJXCT BO3HHMKHYTb MCXKIAY MOJICKYJIAMH ABYX pPa3-
JIMYHBIX BCUICCTB, HAIIpUMCD, CIIMPTA U BOABI:
R
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[ToaTOMy mporecc pacTBOpeHHs CIUMPTOB B BOJE CONPOBOXKIAETCS BBIJIE-
JICHUEM TeIlJIa U YMEHBIIEHUEM 00beMa, T.€. MPU3HAKAMU, CBUICTEIbCT-
BYIOILIUMH 00 0Opa30BaHUU COEIUHEHUM.

PaccMmoTpeHHble MpUMEPHl OTHOCHIIMCH K CIy4Yard MEXKMOJICKYJISIPHON
BOJOPOJHOM CBsA3U. BO3MOXHO 00pa3zoBaHK€e U BHYTPUMOJIEKYJIIPHON BO-
JIOPOAHOM CBSA3H, €CIIU B MOJICKYJIE PACCTOSIHUE MEXAY aTOMOM BOAOPO/Ia
U aTOMOM KHCJIOpOoJa (WJIM APYroro 3J€KTPOOTPULATEIBHOTO 3JIEMEHTA)
HeBenuKo. Hampumep, yCTaHOBJIEHO HaJIUMYKME BOJOPOIAHON CBSI3U B MOJIE-
KyJIaX OPTOHUTPO(EHOa U CATUIIOBON KUCIOTHI:

N

H
O\/O\\ O/
N

H
| / /C\O
07
o 0 /H
OpPTO-HATPO(hEHOT CAJTMITAIIOBAsT KUCIIOTA

DHeprusi BOAOPOIHOW CBSI3U HEBEJIMKA IMO3TOMY IIPU IUIABJIEHUU U OCO-
OCHHO MPHU KUIICHUH BEIIECTB BOAOPOJAHBIC CBSI3U B OOJIBIIMHCTBE CIIy4acB
paspsiBaroTca. OIHAKO €CTh BENIECTBA, MOJIEKYJIbI KOTOPBIX U B Iapax ac-
COLIMUPOBAHBI 3a CYET BOJOPOAHBIX CBs3eu. Hampumep, mapel MypaBbu-
HOM KHUCJIOTHI cocToAT U3 yactull (HCOOH);:

/OH O~
C—H
om0/

OOpa3oBaHre MEXKMOJICKYJAPHBIX M BHYTPHUMOJICKYJISIPHBIX BOJOPOJI-
HBIX CBSI3€H M3MEHSIET (PU3NIECKUE M XUMUIECKUE CBOMCTBA BemecTB. J{ms
BEIICCTB CO CXOJHOU CTPYKTYpPOH C POCTOM MOJICKYJIIPHOT'O Beca BO3pac-
TAeT SHEPTUs BaHJCPBAATHLCOBA B3aUMOJICUCTBHS, TIO3TOMY CIIETyEeT OXKH-
JaTh YBEIWYCHHUS MX TEMIICPATyp IJIABICHHUS M KUIICHUS M TEILIOT Iapo-
oOpa3oBanus; ogHako u3 1adia. Il BunHO, yto mpu nepexoae ot HF k HCI
u ot H,0 x H,S nporcxoasar pe3koe NMajcHue 3TUX PU3NICCKUX KOHCTAHT.
DTO OOBACHSIETCS CYIMECTBOBAHUEM MTPOYHBIX BOJOPOIHBIX CBS3CH MEXITY
MOJICKYJIaMH B JKHUJKOM (PTOPUCTOM BOAOPOJIC U B BOJIC.

[ToctpouB rpaduk (YHKIIUU TEPEUMCIICHHBIX B TAOJMIIE BEIUYHH OT
MOJIEKYJISIPHOTO Beca BEIECTB, JIETKO YCTAHOBUTH, UTO €CJIM OBbI BOJa HE
ObLTa aCCOIMUPOBAHHOM KHMJIKOCTBIO, TO OHA HMMeEJIa Obl TeMIepaTypy
naBiieHus okoso -100°C u Temniepatypy kutenus okoso -80°C (puc.43).
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TabGmuma 11
TemmepaTypa miaBiICHUs, TEMIIEpaTypa KUIICHHUS U TEILIOTa

Hap006pa30BaHI/Ifl (B TOYKC KI/IHGHI/IH) HCKOTOPbIX BOAOPOJAHBIX

COCIMHCHUH
BemectBo tw °C Lo °C AH,, xKkaJ1/MOJIb

H>O 0,0 100,0 9,75
H>S -85,5 -60,7 4,5
H>Se -64,8 -41,5 5,1
H>Te -49.,0 -2,0 5,8
HF -83,1 19,5 7,2
HCI -112,0 -84,9 3,6
HBr -87,0 -66,8 3,9
HI -50,9 -394 4,2

100°}

!
#

Puc.43
AHOMaJIMM B TEMIIepaTypax IuiaBieHus (a) u kurenus (0)
COCTMHEHUN C BOJIOPOJTHOM CBSA3BIO

OOpa3oBaHue BOAOPOJHBIX CBSI3€M UrpaeT OOJBIIYIO POJIb B HEOPTraHU-
YECKOM M OpraHu4ecKoil XuMuu U B Ouosoruu. JloctatoyHo ckazarb, YTO
CTPYKTYypa MHOTMX HEOPTraHUUYECKUX KPUCTALIOTMAPATOB U OPTraHUYECKUX
KPUCTAJIJIOB 00YCJIOBJIEHA BOJOPOIHOM CBsI3bt0. BogopoaHas cBs3b omnpe-
JeNeT CTPYKTYpy OenkoB. bricTpo pa3zBuBaBIirecs 001acTH MPUMEHEHUS
MPEACTABJICHUSI O BOJOPOJHOI CBSA3M OXBATBIBACT SIBJICHUS aJCcOpOLUU
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KUHETUKH M KaTallu3a, aKTUBHOCTU (hepMEHTOB, KpauieHus u jap. Hama
IAIIA U OAEXKJa U3rOTOBJICHBI U3 BELIECTB C BOJAOPOAHOU CBA3BIO. bonee
TOTO, OPraHW3M YE€JIOBEKAa COCTOMT W3 BEIIECTB C BOJOPOIAHOU CBA3BIO.
BceoObemumtonuii xapaktep B3auMMOJEHCTBHS MOCPEJACTBOM BOJOPOJAHOU
CBSI3M B OKPY’KaIOIIEM HAC MHUpPE OOBICHIETCS TEM, YTO CAMbIM pacIpo-
CTPaHEHHBIM BEIIECTBOM Ha 3€MIIE SIBJISETCS BOJA, KAXKAAasl MOJIEKYyJa KO-
TOpOi criocoOHa 00pa30BaTh YEThIPE BOJOPOIHBIX CBSI3U.

§ 4. JloHOpHO-aKIENTOPHOE B3AUMO/I€IICTBUE

YacTo mepexoa BEIECTBAa U3 Ta3000pa3HOro B JKUJKOE M TBEPIOE CO-
CTOSIHUE OOYCJIOBJIMBAETCS JIOHOPHO-aKIENTOPHBIM B3aUMOJICUCTBUEM
Mexay Moisiekyinamu. Hanpumep, ¢ropua 6epuimins B ra3000pa3HOM CO-
CTOSIHUU CYUIECTBYET B BHJIE MPOCTHIX JUHEUHBIX MOJIEKYN Befl’,. 3a cuér
CcBOOO/HBIX BAJICHTHBIX OpOWTaneil aTOMOB OepUIUIMS M HENOJEIEHHBIX
AJIEKTPOHHBIX Map aTOMOB (PTOpa MEXIy MOJeKyiaamMu BeF; BO3MOXKHO
JIOHOPHO-AKLENTOPHOE B3aUMOJECUCTBUE. JTAa BO3MOKHOCTh PEATU3YETCs
pY MOHWKEHUU TEMIIepaTyphbl: MOJIEKYJIbl BeF'; accoluupyroTcs ¢ oopa-
30BaHUEM IMOJUMEpPHON MoJeKyisl (BefF’),. Ilpouecc comnpoBoxaaeTcs
TIepeX0JI0M aTOMOB OEpHLITHS B sp°, a aTOMOB (hTOpa B sp- THOPUIHOE CO-
CTOSIHUE:

Be F —> Be F Be
| \ |
F F F

\ |

—F —>Be<~— F — Be— F —> Be~—

F

XJopu/ aTfOMHHHAS B Ta3000pa3HOM COCTOSHUM U B PacTBOpPE B Opra-
HUYECKUX PACTBOPUTENSX CyIIEeCTByeT B Bujae numepa (AI/Cl;),, tae Kax-
IBIA aTOM aTIOMUHHS CBSI3aH C YETHIPhMSI aTOMaMH XJiopa (C Tpems 1o
OOBIYHOMY, @ C YETBEPTHIM - 110 JIOHOPHO-AKIIEITOPHOMY MEXaHU3MY ):

\/\/
/\/\

B npuBenéHHBIX cXemax CBsI3M, OOpa30BaHHbIE IO JOHOPHO-
aKIENTOPHOMY MEXaHU3MY, 0003HaUCHBI CTPEIKAMH.
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§ 5. Merajinueckasi CBsi3b

Bce metamibl xapakTepu3yrOTCsl psiioM o0mmXx cBOMCTB. OHM OT/IMYa-
FOTCS OT JIPYTMX BEHIECTB BBICOKOW TEIUIOMPOBOAHOCTHIO M 3JIEKTPOIPO-
BOJHOCTbBIO, YTO CBHUJIETEIHCTBYET O CIIOCOOHOCTH 3JIEKTPOHOB CBOOOJIHO
nepeMeIaThesi Mo BCeMy KyCKy MeTajljia U MoJ ACHCTBUEM HEOOJIBIIOIo
AIEKTPUYECKOTO TOJISI ABUTATHCS B OMPEACICHHOM HAIPaBICHUHU. Xapak-
TEepPHBIA OJIECK, HEMPO3PAYHOCTh JaKe OYEHb TOHKON METaJNIMYeCKOU
IEHKU OOYCJIOBJIEHBI BBICOKOM OTpa’KaTeIbHON CIOCOOHOCTHIO U KpU-
CTAJUIMYECKOM CTPYKTYPOM C IUIOTHOW YNAaKOBKOMW. BbICOKas TAry4yecTth u
KOBKOCTh CBHUJIETEIBCTBYIOT O CHOCOOHOCTH IIOCKOCTEH KpHCTaJUIHye-
CKOM pEIIETKN METAJLIA JIETKO CABUIAThCA OJIHA OTHOCUTEIIBHO JAPYTOM.

B Meramne mano BEpOSITHO CyUIECTBOBAaHME HOHHBIX CBS3E€H, TaK Kak
VOHHAs CBSI3b HE MOYKET BOZHUKHYThH IIPU B3aUMOJICMCTBUU aTOMOB OJTHO-
ro tumna. CUiIbl CHETICHUSI MEXK]Iy aTOMaMH CIMIIKOM BEJTUKH, YTOOBI MX
MOXXHO OBUTO cunTarh cuiamu Ban-nmep-Baansca. B kpucramie kaxmbii
aTOM METaJlJla UMEET BOCEMb WJIM JIBEHAILAaTh OMMKAMIIUX cocenei. 1o
CBUJIETEIBCTBYET O TOM, YTO CBSI3M B METAJIaX HE MOTYT OBIThH JIOKAJIN30-
BAaHHBIMU KOBAQJICHTHBIMU CBS3SMHU (ABYXDJIECKTPOHHBIMH JIBYXIEHTPOBBI-
MH), 10O YUCJIO BAJICHTHBIX JIEKTPOHOB aTOMa OKa3bIBACTCS HEJOCTATOY-
HBIM JIJI1 00pa30BaHus TaKuX CBsi3eil. Hanpumep, muTuii kpucramimsyeTcs
B KyOM4ecKkoi OO0BEMHO-IIECHTPUPOBAHHON PEIIETKE U KAXKIbIM €ro aroMm
UMeeT B KpHUCTaUIe 1O BOCEeMb Onmkaimmx coceneit. st oOpa3oBaHus
JBYX3JIEKTPOHHBIX CBSI3€l B MOJOOHON CTPYKTYpE aTOMbI JUTHS JTOJDKHBI
ObLTM OBl MPETOCTABUTH 1O BOCEMb JJIEKTPOHOB, YTO HEBO3MOXKHO, TaK
KAaK aTOMBI JIUTUSI UMEIOT JIMIIb 110 OJJHOMY BaJIEHTHOMY JJIEKTPOHY.

N3 Bcero ckazaHHOro CIEAYET, UTO B METa/ulaX OCYIIECTBISIETCS OCO-
ObIil BUJI CHJI CIICTUICHUSI— MeTajulndeckasi CBsi3b. B Kpuctamiax merai-
JIOB CBSI3b MEXKIY arOMaMH OCYUIECTBISICTCS NYTEM B3aUMOJCHCTBUS
0000111eCTBIIEHHBIX BAJICHTHBIX 3JIEKTPOHOB C MOHAMM METasuia, HaXO[Is-
IMMUCA B y3JaX KPUCTAJUIMYECKON peme€Tku. MHadue roBops, B MeTajuiax
MMEET MECTO CUJIbHO HEJOKAJIN30BaHHAS XUMHUYECKAsI CBA3b.

YHpoméHHo MeTaxul MOKHO PacCMaTpPUBATh KaK IUIOTHYK) KPUCTAJUIM-
YECKYI0 YIIAKOBKY M3 KaTHOHOB, CBSI3aHHBIX JPYT C JIPYTOM KOJUIEKTHUBH-
3UPOBAHHBIMHU AJIEKTPOHAMHU (JIEKTPOHHBIM T'a30M).

Meramnuueckasi cBA3b HE 00JaacT HU HACBIIAEMOCTBHIO, HU HaIpaB-
JEHHOCThI0. OTCYTCTBHE HANIPABICHHOCTH CBS3W MPUJAECT METAJJIaM ILIa-
CTUYHOCTb, MOJBHKHOCTh JJIEKTPOHOB OOBSCHSET HamOoJiee TUIMHMYHOE
CBOMCTBO METAJUIOB - UX BBICOKYIO 3JIEKTPONPOBOIHOCT.

CnocoOHOCTb AJEKTPOHOB K JICIOKAIM3AIUM, XOTSI U B MEHBIIEH CTere-
HU, YEM Y METAJJIOB, BCTPEYAETCA Y HEKOTOPBIX HEOPraHMYECKUX U Opra-
HUYECKUX coequHeHnl. OCOOEHHO JIETKO MPOSBIISIIOT CITOCOOHOCTH K 00b-

CANHCHHNIO JJICKTPOHEI, 06p33y10HlI/IC Tl-CBsI3HM B apOMATUYCCKUX COCINHEC-
85



HUSX U B BEILIECTBAX C CONPSKEHHBIMU CBS3sIMU. B pesynbpTaTe Takue co-
CAMHEHUS] MPUOOPETaAOT '"MeTamuionoA00HOCTh". OHU XapaKTepU3yIOTCs
AJIEKTPO- M TEIUIOMPOBOAHOCTHIO, METAJUIMYECKUM OJECKOM U JIPYTUMU
OPUCYIIMMU MeTajuiaM cBoicTBamu. K Takum BemiecTBaM OTHOCSTCA Tpa-
(buT, HEKOTOpPBIE KPACUTEIH U JIP.

Ha ocHoBe Teopuy HETOKAIM30BAaHHOW XHMHUYECKOW CBS3U pa3padoTa-
Hbl METOJbl MOJYYEHUSI CUHTETUYECKUX BBICOKOMOJUMEPHBIX BEILIECTB C
XapaKTEPHBIMU [IJISI METAJVIOB AJIEKTPUYECKUMU U MAarHUTHBIMHU CBOMCT-
BaMH.
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I'naBa VI. XUMMNYECKAS CBS3b B KOMILVIEKCHbIX COEJIUHEHUSX

§ L. DuekTpocTaTyecKye MpeacTABJICHUS

[lepBas Teopus oOpa3oBaHMs KOMIUIEKCHBIX COCIMHEHUN OblIa CO3/1aHa
B 1916-1922 1. Koccenem u Marnycom (I'epmanus). B e€ ocHoBy Oblin
IIOJIO’KEHBI AJEKTPOCTATUUECKHUE TPEICTABICHUS: UOH - KOMIUIEKCOOOpa-
30BaTeNb MPUTITUBAET K ceOe JIuranabl (MOHBI IPOTUBOMOJIOKHOTO 3HAKA
WM TIOJIIPHBIE MOJIEKYJIbI). JIuranasl B TO e BpeMs OTTaJIKUBAIOTCS JIPYT
OT Jpyra, 1 TeM 3HA4YMUTEJIbHEE, YeM OO0JIbIlle UX KOOPJIAUHUPYETCS BOKPYT
HeHTpajgbHOro noHa. KommuekcooOpa3oBarenp M JIMTaHbl paccMaTpUBa-
I0TCSL KaKk Hee(hopMHUpOBaHHBIE 3apsKEHHbIE C(EpH.

1o 3akony Kynona MokeT OBITh MOJCUUTAHA YPHEPTHUS CBSI3U JIUTAH]IOB C
KOMIUIEKCOoOOpa3zoBaresieM. Brluuciienus JatoT NpaBUIBHBIA MOPSAIOK Be-
JIMYUHBI DHEPTUU CBSI3U B KOMIUIEKCAaX C JIMHEWHOM, TETPa’apUYECKON U
OKTa’APUYECKON CTPYKTYPOU.

Pacuer Koccenss 1 MaHnryca nokasaiy, 4To IIpYU 3HAYUTEIBHOM YBEJIH-
YEHWUH YKCJIA JIMTAH/IOB CUJIbl OTTAIIKUBAHUS MEXAY HUMU HACTOJIBKO BO3-
pacTaroT, YTO KOMILIEKCHl CTAHOBATCS HENPOYHbIMU. B ciydae onHoOBa-
JICHTHBIX KOMIUIEKCOOOpa3oBaTenei JOCTaTOYHO MPOYHBIE KOMILIEKCHI
JOJKHBI METh KOOPAMHALMOHHBIE YuCia 2 U 3, B Clly4ae JBYXBaJCHTHBIX -
4, nst TpEXBaNEHTHBIX - 4, 5 1 6. DTO pe3yJbTaThl TOBOJIBHO OJIM3KU K
TOMY, YTO HaOJF0JIa€TCs B IEWCTBUTEIILHOCTH.

OpnHako NpencTaBICHHAs O KOMIUIEKCAX KaK O CUCTEMax, COCTOSLIUX W3
He1eOPMUPYEMBIX 3apsDKEHHBIX cdep, SABISETCS OYeHb MPUMUTUBHBIM U
MO3TOMY HE MOXXET OOBSICHUTh MHOTMX CBOMCTB KOMILJIEKCOB (MX T€OMET-
PUYECKYIO CTPYKTYpPY, MarHMTHbIE, ONITHYECKUE CBOMCTBA A T.1I.). [loaTo-
My COBPEMEHHBIE TEOPHUU HAPANY C JJIEKTPOCTATUYECKUM YUHUTHIBAIOT
KBAaHTOBO-MEXaHMYECKOE B3aNMOICHCTBUE YACTHIL.

B nacrosimiee BpeMs aiis OOBSICHEHHSI UM pacyeTa XMMHUYECKON CBSI3U B
KOMIUIEKCAaX UCHOJIb3YETCS METOJ BAJIEHTHBIX CBSI3€U, TEOPUsI KPUCTAIIIN-
YECKOT0 MOJISI U METOJT MOJIEKYJISIPHBIX OpOUTAJIEH.
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§ 2. Teopusi KPUCTALINYECKOTO TOJIS

Teopus KpUCTAUIMUECKOTO TMOJS SBJSIETCS JAJbHEHIIUM pa3BUTHUEM
ANEKTPOCTATUUECKON Teopuu. OHAa OCHOBBIBAETCS HA MPEAIOJIONKEHUH,
YTO MEXAY KOMIUIEKCOOOpa3oBaTesieM M JHMIaHIaMH OCYLIECTBISETCS
AIEKTPOCTATUUECKOE B3aUMOJACHCTBUE M CBSI3U MEXKIY HUMH SIBISIOTCS
MOHHBIMH WJIM MOHHO-JUIONbHBIMU. JIUTAH/IBI IPU ATOM paccMaTpUBAIOT-
Csl TOJIBKO KaK UCTOYHUKH 3JIEKTPOCTATUUECKOTO MOJIS, T.€. KaK TOYCUHbIC
3aps/ibl, HE UMEIOIINUE OIMPEACICHHOIO CTPOEHHUS, a KOMIUIEKCOOOpa3oBa-
TeJb - KaK KBAHTOBOMEXAHUYECKasi CUCTEMa, COCTOSIIAs U3 siApa U DJICK-
TpoHOB. KomriekcooOpa3oBaHue CBSI3aHO C U3MEHEHUSIMU B 3JIEKTPOH-
HBIX COCTOSIHUSIX CBOOOJHOTO MOHA KOMILIEKCOOOpa3oBaTessl B JICKTPO-
CTaTUYECKOM I10Jjie JUranaoB. CBOE Ha3BaHUE 3TOT METOJ MOJy4yuia OJia-
rojiaps CXOJCTBY B IOJOXEHUM HOHA KOMIUIEKCOOOpa3oBareyisi B KOM-
IJIEKCE C MOJIOKEHUEM HOHOB B KPUCTANIMYECKUX PEIIETKAX.

Jl1st pacy€ToB MO TEOPUM KPUCTAILUIMYECKOTO IMOJS HEOOXOAUMO 3HATh
CTPOEHHE JAaHHOI'O KOMIUIEKCHOIO MOHA, KOTOPOE MOXET OBITh OIpeese-
HO C IMOMOIIBIO PEHTTEHOCTPYKTYPHOIO aHajin3a. MaTeMaTH4YeCKUE BbI-
YUCJICHHS], KAK U BO BCEX KBAHTOBOMEXaHMYECKUX METOZaX, 37€Ch BECbMa
ciiokHbl. Hambompiiero ycmnexa M camMoro MMPOKOIO PaclpoCTpaHEHUS
3Ta TEOPUs JOCTUTJIA B ONIMCAHUU KOMIUJIEKCOB d -3JIEMEHTOB.

PaCCMOTpI/IM IMPUMCHCHHUC 5TOI'0 MCTOJAa K CAMbIM THIIMYHBIM KOMILJICK-
COO6p330BaTeJIHM - d -3IeMeHTaM.

YToObl MOHATH BCE U3JIAaraeMoe HUXKe, HEOOXOAUMO SICHO TIPEICTABIISTh
IPOCTPAHCTBEHHYIO OpHUEHTalMI0 d-opoutaneir (puc.8). B cBobGomgHOM
aTOME WJIM MOHE YHEPTUU BCEX d-AJIEKTPOHOB OJTHOTO U TOTO K€ MOyPOB-
HS OAMHAKOBBI. JIMTaHIBI, MPUCOEAUHSAIOMINECS K LIEHTPAIbHOMY HOHY,
SIBJISIIOTCS WM OTPULIATENIbHBIMU MOHAMU, WU MOJISIPHBIMUA MOJIEKYJIAMH,
OPUEHTHUPOBAHHBIMU K KOMIUIEKCOOOpPA30BATEII0 CBOMM OTPHUIIATEIBHBIM
KOHLIOM. MeXy d-37eKTpOHaMU U OTPUIATEIbHBIMU JUTAaHIaMU BO3HU-
KaeT B3auMOJCHCTBUE (OTTAJIKMBAHHUE), B PE3YyJIbTATE KOTOPOT'O SHEPTHUS
AJIEKTPOHOB Ha d-opOuTaniax Bo3pactaeT. OgHAKO BO3ACHCTBHE JINTAH]IOB
Ha pa3jMyYHble d-OopOUTaIM HEOJIWHAKOBO. DHEPrus 3JIEKTPOHOB Ha d -
OpOUTANSIX, PACIIONOKEHHBIX OJU3KO K JIMTaHAaM, BO3pacTaeT OoJiblie. a
Ha d-opOuTainsix, yAal€HHBIX OT JUTaHJ0B, MeHbIIe. Takum oOpa3zom, 1o
JEUCTBUEM JINTAHIOB MPOUCXOJUT PACHICTUICHUE YHEPTETUYECKOTO YPOB-
Hsl d-opOutaneil. Xapakrep 3TOro pacuieryieHUs: 3aBUCUT OT PaCIOJIONKe-
HUS JITAH/I0B OKOJIO LIEHTPAJIBHOTO UOHA.

B okTasmpHuecKoM OKpyKeHun opoutamu d;’ u d,’,’ (Mx 0003HAYAIOT
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d,) IOIBEPracTCsl CUILHOMY BO3JEHCTBHE MO JIUTaH0B (puc.44).

Puc.44
2 2 2
d; wd, )’ opOUTaIU B OKTadAPHIECKOM IOJIE JTUTaH/I0B

DJIEKTPOHBI Ha 3TUX OPOUTAISIX B OKTAdAPUUYCCKOM I10JIE UMEIOT 0OJIb-
d,, —opouTaisix (Mx 0003HA4YaIT d)-

IIyI0 DHEPIUIO, a Ha dy, -, dy.
MEHBIITYI0 dHepTHio (puc.45).

ggﬁym”_
4
AUA’T

{
[ dy e dyll) |
II.’ l/ Uow ¥ axmari-
1 prveckon nose
I/;/ Puc.45. Pacuiennienue sHEepreTHyecKux
1/ YPOBHEH d-3JIEKTPOHOB OKTadI-
/! pHAYEKOM I10JIE

FHeseug

Chododnui
vow
B TerpasnpuyeckoM OKpYKEHUHW JIMTAaHIAAMU B3aUMOJICHCTBUE JIMTaH-
I0B C dg-opOuTtanaMu Ooiiblle, YeM ¢ d-0pOUTansaMu; de-opOuTamu ooia-
JAr0T OoJiee BBICOKOM dHEprue, a dy- 6onee HU3Kou (puc.46 u 47).
Pacmennenue d- moaypoBHS B OKTadApUYECKOM W TETPAIPUICCKOM
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A, KOTOpasi TPeICTaBIIs-
eT co0oil pa3HOCTh B
SHeprusix de U dy
opOutaineil. 3HaueHue A
MOJKET OBITh BBIYHCICHO
TEOPETUYECKH, U MOXKET
OBITh TMOJYYEHO DKCIIe-
PUMEHTAIBHO TIPU H3Y-
YEHUU CIEKTPOB TMOIJIO-
MICHUST  KOMIUIEKCHBIX
COCIUHEHUN W WCXOOs
U3 TEIIOT uX 00paso-
BaHUSI.

Yewm cunbHEE BIUSHUE
MoJIsk  JIMTAHJOB, TEM
OoJIbIlIe HEPTUSI pacilie-
wieHusi. B ciyvae okra-
HAPUYECKUX KOMIUIEKCOB
SHEDTUS DACHICTUICHHUSI
Aoir OOIIBILIE, YEM B CIIydae TETPAdAPUYECKHX Arerp, COAEPIKAIIUX TE KE
camble JUTaH bl (Ha OJMHAKOBOM PACCTOSIHUU OT KOMILIEKCO0Opa 30BaBa-
TEJs1), TaK KaK B MEPBOM ClIyyae 3JEKTPOCTATUUECKOE TMO0JIe CO3/1aeTCsl Iie-
CTBIO JIMTAH/IaMH, a BO BTOPOM — YETHIPbMSI:

Arerp =49 Aok

Oco0EHHO CHJIBHO Ha BEJIM-
YUHY OSHEPIHHM PacCIlCIICHUS

Puc 46
PacrosioxkeHre KOOpIMHATHBIX OCei
B TETPadAPUICCKOM KOMILICKCE

BIIMSICT TIpUpojaa (3apsa u pa-
JMyC) JIMTAHJIOB, CO3JIAFOIINX Gy Tp.Gr
KpUcTajmmueckoe mnoje. Hawu- /’ 8 per
OoJIbllIee PACIIETVICHUE BbI3bI- § J /l‘l ﬂ’p‘.gl 0 A
BAIOT JIMTaHABl C OONBIIMM g / S/ Uw § mempe-
OTPULIATENLHBIM  3apsjioM M ™ ,’!// Jdpuiecenn nose
JIMTaHgsl Mallble [0 00BEMY, ,///
CIIOCOOHBIE OJIU3KO TOJAOUTH K Ei""‘""{

obedvwd
KOMILIEKcooOpa3oBarento. Ha- von
npuMep, WOHBI F~ BBI3BIBAIOT
OoJee 3HAYUTENBHOE pacuIer-
JeHue, yeM OOJbIINe IM0 pas- Puc.47
MepaM UOHBI CF, Br ul . Pacmerenue SHECPreTUIYCCKUX ypOBHefI

d—C—)JICKTpOHOB B TCTPASAPHUICCKOM II0JIC
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JlocTikeHnIo OOJBIIIETO PaCIICTUICHHUsI CIIOCOOCTBYET TaKOe IMOJIOXKe-
HUE JIMTaHJIa B KOMIUJIEKCE, KOT/Ja €ro OTPUIATENIbHBIN 3aps]l HANpPABJICH
HEIMOCPEJICTBEHHO Ha d-OopOWTalib IEHTPAIIbHOTO MOHA. JIuraHjg ¢ oJHOU
HETOICAEHHON JIEKTPOAHON Mmapoi (Hampumep, NH;,), pacmonaraercs B
KOMILUIEKCE TaKUM 00pa3oM, YTO HEMOJIeNIEHHAs Mapa, HalpaBlieHa Ha d-
opoutanb. [loaTomy HelTpaabHble MOJIEKYJIbl NH; BBI3BIBAIOT OOJbIIIEe
pacuierjieHue U d-noaypoBHS, 4eM MOJeKyJbl H,0 Ui oTpuliaTeabHbIe
WMOHBI TajgoreHoB. OJIHAKO MPU MOMOIIU IEKTPOCTATUUECKUX MPEICTaB-
JIEHUU TPYJIHO OOBICHUTH HAOIIOJAEMYIO CIIOCOOHOCTh Pa3IUYHBIX JIH-
TaHJI0B BBI3BIBATH OOJIBIIICE TN MEHBIIIEE PACIICTUICHHE.

N3ydeHne cHeKkTpoB KOMIUIEKCHBIX COEAMHEHUH, IO3BOJIMBIIEE OIpe-
JEUTh 3HAUYCHUS A, TTOKA3aJl0, YTO JIMTaH/Abl MOTYT ObITh PACIIOJIOKEHBI B
nopsiiKe YObIBaHUS CUJIbI KPUCTAIUTMYECKOTO MOJIS B CICAYIOIIUN P

CN > NO, > NH;> NCS > H,O>F >COO >OH >CI >Br >I

DTOT psii COCTaBIEH JUIsl OKTadAPUYECKUX KOMIUIEKCOB, HO TPHOIN3U-
TEJIBHO Ta K€ IOCJIEAOBATEIIBHOCTh COXPAHSACTCS U IS KOMIUIEKCOB C
JIPYTOU CTPYKTYPOM.

Ha Benmnuuny A BIMSIET TakXKe CTENEHb OKUCIEHHUS KOMILIEKCO00pa3o-
Barensi: 0oJjiee BBICOKOM CTETNEHH OKHCJICHHS COOTBETCTBYET OOJIbIiee
pacIiericHue.

Pacmiennenue KpUCTAIMYECKUM TIOJIEM BO3PACTaeT C YBEJIMYECHUEM
HOMEpa IHEPreTHYECKOTO YpPOBHS d-3JeKTpoHOB. Hampumep, s kom-
mIeKkcooOpa3zoBaTeneii, coaepkammux Jd-dNeKTpOHbI, A OoJbllie, YeM B
cinydae 3d-37EKTPOHOB. DTO OOBACHIETCA TeM, 4TO Sd-OopOUTAIN MUMEIOT
OO0JBIIINE pa3MeEPHl U CUIIbHEE B3aMMOJICUCTBYIOT C JIMTAHIaMHU.

Pacnpenenenune d-3meKTpoOHOB MO OpOUTAISIM B CBOOOJHOM aTOME WU
WOHE OMpPECIIACTCS UX B3aUMOICHCTBHEM JPYT C IPYTOM U COOTBETCTBY-
eT mpaBmwiIy ['yHaa (3JEKTPOHBI CTPEMSTCS OCTAaThCsS HECIapeHHBIMHU). B
KPUCTALTMYECKOM I10JI€ JINTAH/I0B d-3JIEKTPOHBI CTPEMSITCS U30eKaTh, Ha-
CKOJIBKO 3TO BO3MOKHO, OTTAJIKUBAIOIIETO JCHCTBUS JHWTaHAOB, T.€. 3a-
HSTh OPOUTAIIN C HU3KUMHU 3HAYCHUSMHU YHEPTHH.

[Ipy Hamuuusi B MOHE KOMILJIEKCOOOpa30BaTesl, HAXOASIIETOCS B TOJIE
JIMTAHJIOB, OOJIBIIIETO KOJUYECTBA DJICKTPOHOB, YeM d-OpOUTAIeH C HU3-
KOW SHEpruei, BOZMOXKHBI JBa CiIydas pacrlpeieicHUus d-3JIEKTPOHOB IO
opOUTaIsIM B 3aBUCMMOCTH OT COOTHOIIEHHUS BEJIUYHH YHEPTUU PACIICII-
JeHuss A u dHepruM crmapuBaHus P. (DOHepruei crapuBaHUsS Ha3bIBACTCS
DHEPTUS, KOTOpas 3aTPAauMBaCTCS HA MEPEBOJ ABYX JJIEKTPOHOB OJHOTO U
TOTrO € MOJYPOBHSA C OJIMHAKOBBIMM CIIMHAMU Ha OJIHY OpOWTAaNIb B CO-
CTOSTHHE C MPOTHUBOIIOJIOKHBIMHU CITMHAMHU ).
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Ecnu nose nuranaos siBisieTcst CpaBHUTENBHO ciiadbiM U A < P, To, Kak
U B CBOOOJAHOM HOHE, MPeo0ajacT MEXIICKTPOHHOE B3aUMOJCICTBUE U
pacrpezielieHue d-3JIeKTPOHOB HE M3MEHSIETCS. DTOT Ciydaidl Ha3bIBAETCS
clly4aeM cJIaboro moJjis, a COOTBETCTBYIOIINE KOMILIEKCHI BHICOKOCITMHO-
BBIMU WJIM CIIMH-CBOOOJHBIMU (TaK KaK CyMMAapHbBIA CIIMH, 3aBUCSIIUI OT
YKclia HECHapeHHBIX JJEKTPOHOB, NPHU KOMIUIEKCOOOpa30BaHUU HE
YMEHBIIAETCS).

Ecnu ke mosie TMraHaoB CHIIBHO BIMSET HA KOMILIEKCOOOpa3oBaTellb U
A > P, TO KpUCTAILTMYECKOE MOJIE BBI3BIBACT MEPEXO/] JIEKTPOHOB Ha YyKe
3aHAThIE opOuTau ¢ Oosiee HU3KOM, sHEpruei. [IpoucxoauT cnapuBaHue
3JIEKTPOHOB, YTO MPUBOAMUT K YMEHBIIEHUIO CyMMapHOro cruHa. [IpaBuiio
['yHna B 3TOM ciydae K d-TIOJYypOBHIO B LIEJIOM HE MPUMEHUMO, HO MPU-
MEHHUMO OTJIEIBHO K dy U d-OpOUTassAM, KOTOpBIE, CTAHOBATCA KaK Obl
CaMOCTOSITENIbHBIM TOJYPOBHEM. OTOT Cly4yail Ha3bIBa€TCsA CiIy4yaem
CWJIBHOTO TOJIfl, @ COOTBETCTBYIOIINE KOMIUJIEKCHI - HU3KOCTUHOBBIMU WJIU
CIMH-CIIaPEHHBIMHU.

PaccMOTpHM, HAIIPHMeEp, KaK PacpeessioTcs d-3ekTponsl nona CO” '
B okTadapuyeckux .kommiekcax [CoFs]” u [Co(NH;)s]*". B cBoGomHOM
vone Co’ " mecth 3d-371EKTPOHOB PACIONIArAIOTCS CIEAYIONIIM 00Pa3oM:

oS
de  dy

B cnmabom mosie HOHOB /7~ SHEprus paciieruieHus] He3HAaYuTeIbHA U pac-
npezneneHne d-snekTpoHoB B HoHe  [CoFs]” oTimuaercs OT pac-
npeaeieHus B CBOOOJHOM HOHE Co’". Von [C0F6]3' SIBJISIETCA BBICOKO-
CIIMHOBBIM (UE€ThIPE HECIIAPEHHBIX JIEKTPOHA).

B cunpHOM 1ose MOJIEKYJ aMMHaKa SHEPrys PACIICIUICHUS BEIIMKA, U
3aII0JTHEHHBIMH OKA3bIBAIOTCS TOJIBKO d- opbutany nona Co’

C03+3w ]
d, a’Y

Won [Co(NH;)s]’" sBnsieTcss HU3KOCIIMHOBBIM KOMILIEKCOM (HECIapeH-
HBIX 3JIEKTPOHOB HET).

Ecnu xonuuecTBO d-37IEKTPOHOB y HEHUTPATLHOTO MOHA HE TMPEBBIIIACT
YUCI0 d-opOuTanield C HHU3KOM SHEpruer, TO JJIEKTPOHBIA BCEraa pac-
TOJIATaloTCs Ha 3THX opOurtamsix. Hampumep, Tpu d-3inextpona mona Cr '
B OKTadApUYECKOM T0JIe 3aHUMAET 3d -~0pOUTaIu ¢ HU3KOW aHepruei, mo-
sTomy Cr°* 06pasyeT OueHb MHOTO YCTOMYHBBIX KOMILICKCOB.

B tabnune 12 nmokazaHbl 3J1€KTPOHHBIC KOHPUTYpAITUU KOMILJIEKCO00pa-
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TabGmuma 12

Pacnpez[eﬂeHI/Ie d -3JICKTPOHOB KOMHHGKCOO6paSOBaTeJIH 10
Op6I/ITaJ'IHM B OKTAa3APUICCKHNX KOMIIJICKCHBIX COCIAMHCHHAX

Yucino Cnaboe nose CunpHoe nose
onek-  Pacnpenenenue d- CymMm- Pacnpenenenue d- Cym-
TPOHOB  3JIEKTPOHOB I10 OP-  MAapHBIA  3JEKTPOHOB I10 OP-  MAapHBIU
ouransim CIIHUH ouransim CTIIHUH
1 L4 1 T 12
2 4+ 1 ++—— 1
3 dff—— 32 At — 302
4 T4+ 2 T 2
s FhbdE s HHE—— o
o A 2 R
7 HH+++ 3/2 mﬁﬁ+_ 12
I L s R
9 HH 2 PR 12
10 A 0 HHH 0

30BaTejIeH C pa3HBIM YHUCJIOM d-3JIEKTPOHOB B CIA0OM M CHIIBHOM TOJISX.
W3 Tabnuibsl BUIHO, YTO Pa3HUIIA B PACTIPECICHUN d-3JIEKTPOHOB 10 Op-
OWTAIIM UMEET MECTO TOJIBKO IPH HAJTUYHH YETHIPEX, ISTH, MECTH U Ce-
M3 d-371eKTpOHOB. [10ATOMY TOJBKO TaKMM KOMILIEKCOOOPA30BATENSAM CO-
OTBETCTBYET JBa BHJA KOMILJIECKCOB - BBICOKOCITHHOBBIC M HHU3KOCIIHHO-
Bble. CaMbIM OOJIBIIUM JOCTH)KCHHEM TEOPHHM KPHUCTAJUTMYECKOTO ITOJIS
SBJISIETCSI OOBSCHEHHE ONTHUYECKUX CBOMCTB KOMIUIEKCHBIX COSMHEHUH d-
a5ieMeHTOB. [loronieHne cBeTa KOMIUIEKCHBIM COCTUHEHUEM d-DJIEMEHTA
OOBSCHAETCS MEPEXOIOM IIIEKTPOHOB C dg- HA d,OpOUTANIb B OKTadApHYE-
CKOM KOMIIIEKCE C MEPEXOIOM C dy Ha d-OpOHTallb B TETPAdJPUYECKOM
KoMIuiekce. [Ipu aTom morsomaercst KBaHT CBETa, YHEPTHUS KOTOPOTO PaB-
Ha DHEPTUHU pacHIeIyieHUus A, a 4acToTa KojiecOaHH  COOTBETCTBYET BH-
JTUMOM 00J1aCTH CIIeKTpa:
hv=A
Takum oOpazoM, SHEPTruUsl pacHIeIUICHUS OKa3bIBAETCSl CBA3AHHOM C Yac-
TOTOW KOJeOaHUU CBETa B MAKCHMyME TOTJIONICHUS U, CIEA0BATEIBHO, C
JUTHHOM BOJIHBI MAKCHMYyMa MOTJIOIICHHUS A
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TJI€ ¢ - CKOPOCTh CBETA.

Ecnu u3BEeCTHO paccTOsIHHE MEXIY SApaMH KOMIUIEKCOOOpa3oBaTess U
JUTaHI0B (OHO OOBIYHO OMpPEENACTCS PEHTTCHOTpahUIECKUM MyTEM), TO
C MOMOIIIBIO TEOPUU KPUCTAILUTMYECKOTO TOJISI MOKHO BBIYHMCIIUTH 3HAUE-
HHE A, 4TO IMO3BOJINT Jajiee HAUTH A, T.€. IPEACKa3aTh, KAKON IINHE BOJI-
HBI COOTBETCTBYET MAaKCHUMYM TOTJIOIICHHUS CBETA JAHHBIM KOMIIJIEKCOM.

C nmpyroit CTOPOHBI, MOKHO CHSATH CHEKTP TMOTJIOMICHUS] KOMIUIEKCHOTO
COCIMHCHHUSI, U3MEPHUTH JIJTMHY BOJIHBI MAKCHMYyMa ITOTJIOIICHHS M 110 HEH
BBIYHCIIUTH DPHEPTHUIO paciieryieHus. Takum o0pa3oM MOXKHO IKCIIEPUMEH-
TaJbHO MPOBEPHUTH MPABUIBLHOCTh 3HAYCHUN A , BBIYMCICHHBIX TEOPETH-
yeckui myTeM. [IepBbIM KOMIUICKCHBIM MOHOM IS KOTOPOTO OBLIN IPO-
BEJICHbl TaKue pacye€Thbl, ObLT WOH [T i(HgO)]3 T uMerommii omuH d-
ANEKTPOH.

Ecnu xoMmrekcoobpazoBaresib He UMEET d-3JIEKTPOHOB UJTH €CITU B HEM
Bce d-opbutany 3anosnHeHs! (d'”) 1 2MeKTPOHBI He MOT'YT OCYIECTBUTD d -

d,1iepexo]i, TO KOMIUIEKCHbIE HOHBI CBETA HE IOITIOIIAOT LIBETA HE UMEIOT
(Tabmn.13).

Tabmumna 13

[{BeT rupaTupoBaHHBIX HOHOB A1eMEHTOB [V nepuona
B BOJJHOM pacTBOpeE

Yucino d-3nexktpooB  MoH komruiekcooOpa-

B MOHE KOMIIJIEKCO00- 30BaTeIIs Oxkpacka
pazoBare’s

0 K", Ca’', S’ OecCIBETHBIN
1 Ti" broneToBBIN
2 140 3eJIEHBIH
3 Ccrt buroneToBbIN
4 Cr roy6oit
5 Mn** 0JIeTHO-PO30BbIN
6 Fe’t 3eJIEHBIN
7 Co™* PO30BbI
8 Ni?t 3eIEHbBIN
9 Cu’* roiay0oi
10 Cu', zn*", Ga’* OecCIBETHBIN
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3aMeHa OJIHUX JIUTAHJIOB Ha JIPYrye BIMSCT Ha BEIUYMHY SHEPTHH Pac-
IICTUICHHUS A |, CIIeJIOBaTEIbHO, Ha IBET KOMIUICKCHOTO MoHA. Hampumep,
nor [Co(H>0),]*" rony6oit, [Cu(NH;),J*" cunuit, [CuCl,] 3enéHbli.

Wtak, Teopys KpUCTAUTHICCKOTO TOJIs1 OOBSACHSACT MarHUTHBIC, ONITHYC-
CKHE€ W HEKOTOpbIC IPYrue CBONCTBA KOMIUICKCHBIX COCJIMHCHHH d-
asieMeHTOB. OHa JMa€T XOpOIHMe KOJIMYSCTBEHHBIC PE3yJIbTAThI JISl HOH-
HBIX KOMIUIEKCHBIX coeauHeHnid. OJIHAaKO, €CII CBSI3H B KOMILIEKCHOM CO-
CJIMHCHUY MMCIOT KOBAJICHTHBIN XapakTep, TCOPHs KPUCTALIMIESCKOTO 1O~
Js HE MOJKET JIaTh JakKe KaueCTBEHHOTO OOBSICHECHMS SIBICHHS KOMILICK-
Co00pa3oBaHus. DTO OTHOCHUTCS, HAIIPUMED, K KapOOHMIIaM U KOMILIEKCaM
C aApOMAaTHYECKUMH JINTAHIaMHU.

§ 3. MeToa BaJICHTHBIX CBSA3eH

Metoa BalieHTHBIX CBsI3ed mIpenmnosiaraer oOpa3oBaHHUE CBSI3EH MEXAY
KOMIUIEKCOOOpa3oBareieM M JIMTaHAaMd 3a CUET HEMOJENEHHBIX dJIeK-
TPOHHBIX Map JIMTAHAOB, KOTOPHIE 3aHUMAIOT CBOOOIHBIE TUOPUAHBIE Op-
outanu KomIuiekcooOpaszoBarens. Hampumep, mpu oOpa3zoBaHUM KOM-
nnekca [Ag(NH;),]' nBe Henojeln&HHBbIE JJIEKTPOHHBIE Japbl MOJIEKYJI
aMMMaKa 3aHHMAIOT JIBE Sp-TUOpUIHbIE OpOMTAIM MOHA Ag' U KOMILIEKC
MMEET JIMHENHYIO CTPYKTYpy. B xoMIuiekce [BF,/  4eThIpe dJIEKTPOHHbBIE
napbl JUTAHIOB 3aHUMAIOT Sp”-THOPUIHBIE OpOUTAIM aromMa Oopa; KOM-
IUIEKC UMEET TETPAdPUUECKOE CTPOCHHE.

OO0pazoBaHuEe KOMILIEKCHBIX COEIMHEHHUM 3JIEMEHTOB BTOPOIO Mepruoja
CesizaHo ¢ rubpunuzamueit 2s- u 2p-opOuTaneil 31eMEHTOB TPEThEro Iie-
puonaa — 3s- u 3p-opOuTanei.

PacuéTsl moka3bpIBaioT, 4TO HanboJee MPOYHBIE CBSI3U 00Pa3yrOTCs B TEX
CITy4asx, KOT/ia UCIIOJIB3YIOTCS d-opOuTann KoMiuiekcoodpazosarens. [1o-
TOMY CaMbIMU TUIUYHBIMU KOMIUJIEKCOOOpA30BaTEIsIMU SIBISIIOTCA  d-
sneMeHTsl. Yale BCEro OCYIIECTBIACTCS sp d-THOpHIM3aIys, KOTOPOil
COOTBETCTBYET BBICOKAsl CTPYKTypa KOMIUIEKca (KOMILIEKCOOOpa3oBaTeu
P, Pd**, Ni**, Cu’", Au’" u np.) u sp’d’-rubpuansans, KoTopoil cooT-
BETCTBYeT OKTadIpHUecKkas CTPyKTypa (kKomiuiekcooOpasoBaremn Pt
Pa**, ¢, Co’t, Ni*" w mp.).

B oxradapudeckom kommiekce dyopbutamu (d;° w dy’,’) HanpapieHbI
NPSIMO K JIMTAH/aM, TOITOMY HMMEHHO OHM HPHHUMAIOT y4acTHe B spd -
rubpuamzanuy. B KoMILIeKce co CTPYKTYpO# IIOCKOTo KBajpata dsp’ -
rHOPUIN3aIHA UCTIONB3YETCS TONBKO dy’,’ -OpOHUTab.

Bun rubpuanzanuu u CTpyKTypa KOMILIEKCA ONPeesieTcsi B OCHOBHOM
AJIEKTPOHHBIM CTPOEHUEM IIEHTPAIBHOIO aTOMa, HO 3aBUCAT TAKXKE U OT
npHposI MrannoB. Hanpumep, non Ni** uMeer BoceMb 3d-371€KTPOHOB,
KOTOpbIE€ PACIPEACNISIIOTCS MO0 OpOUTaIsIM B COOTBETCTBUM C MPABUIOM
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[Ipu o6pazoBanuu Komiuiekca ¢ nonamu Cl ™, KOTOpbie UMEIOT CpaBHU-
TeJIbHO GONBIIOH paguyc U cIabo B3aMMOJEHCTBYIOT ¢ HOHOM Ni’', 1BYyX-
3NIeKTpoHHbIe opbutami noHa Cl HepeKphIBAIOTCS C 45p’ -THOPHIHBIME
opOuTansaMu noHa Ni’* ¥ KOMIUIEKC HMEeT TeTPa3ipUUEcKyIo CTPYKTYPY:

2- 3d
vict, ] i

4Sp3

(Bbiaenens! rubpuHbIe OpOUTANIH, YYACTBYIOIIME B OOpa30BaHUU CBS-
3eit).

C MoJNleKynaMH aMMHaka HOH Ni°™ B3aMMOJEHCTBYeT CHIIbHEE, YeM C
nonamu CI~ u obpasyer uoH [Ni(NH3)s*", 3a cuér 4s-, 4p- u 4d- opbura-
neit kommiekcoo6paszosatens. ITpy 9TOM NPOMCXOIUT 4sp°d’ rubpum3a-
1S 1 KOMIUIEKC UMEET OKTadIPUYECKOE CTPOCHUE:

.\ 3d
NiHyg) "
4sp3d?

B npuBenéHHbIX nmpuMepax B 0Opa3oBaHHM CBS3CH C JIMTaHAAMU TPH-
HUMAIOT Y4acTUe d-OpOMTaIu BHEITHEro CJIOS IEHTpPaJbHOro MoHa (Ipo-
UCXOIUT BHEWIHss ruOpuan3anus). OqHako 4acTo B 00pa3oBaHUs CBsI3ei
y4acTBYIOT BHYTPEHHHUE CBOOOIHBIE d-OpOUTAIN KOMIUIEKCOOOpa30oBaTes
(MpOMCXOAUT BHYTPEHHSIsE THMOpHAM3AlMsi). ITO XapaKTepHO, B MEPBYIO
ouepesib, AJIsi MOHOB, UMEIOLIUX Ha d-OpOUTAIAX MEHBIIE MSATH AJIEKTPO-
HOB, HANpUMep, st HoHOB Cr” " 1 V7™,

. 3d
@wm@3+++%%%H%H
3d%4sp’
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3d
I

| V(NHy)s| [
3d%4sp’

Bo Bcex paccMOTpeHHBIX cliydasx YMCJIO HECHApPEHHBIX AJIEKTPOHOB Ha
d-molypoBHE KOMILIEKCOOOpa30oBaTelisi Mpu 0Opa30BaHUU KOMILIEKCHOTO
MOHA HE U3MEHSETCS.

B HEexoTOpBIX ciaydasx B 00pa30BaHWUU CBSI3eH MOTYT MPUHUMATh y4da-
CTHE HE BHYTpPEHHUE d-OpOuTaIM, KOTOphle B CBOOOJHOM HOHE 3aHSATHI
HECTIApCHHBIMH 3JIeKTpoHamu. [Ipu oOpa3oBaHUM KOMIUIEKCa HECTapeH-
HBIC JJICKTPOHBI criapuBatorcs. OaHa WM JBE BHYTPEHHUX d-OpOuTamu
0CBOOOXKIAIOTCSA U MPUHUMAIOT y4yacThe B oOpa3zoBanuu cBsizeid. [Ipu 00-
pPa30BaHMM KOMILIEKCA SHEPTHsl CIIApUBAHMUSI KOMIICHCHUPYETCS 3a CUET
dbopmupoBanus 0Oojiee TPOUYHBIX CBSA3EH C ydacTHEM BHYTPEHHUX d-
opOuTanei.

Tak, opu obpasoBannn xommiekca [Ni(CN),J* IpOHCXORHT crapuBa-
HHE IBYX 3d-371eKTpoHOB MoHa Ni°', ocBoGoxkmaercs 3d-opOuTaib, Ipo-
MCXOIUT BHYTPEHHSS dsp’-rUOPUIN3ALHS U YEThIPE HEMOCIEHHBIX Maphl
noHoB CN  3aHuUMalOT THOpuaHbIE OopOuTa. KOMIUIEKC UMEET CTpyK-
Typy IJIOCKOTO KBajpara:

3d
(Niew), )" R
3d4sp?

N3 npuBen€HHBIX NPUMEPOB BUJIHO, YTO OJUH U TOT K€ KOMILIEKCOO00-
paszoBaTeb MOXKET 00pa30BbIBATH KOMILJIEKCHI C pa3HbIM YUCJIOM HecHa-
PEHHBIX AJIEKTPOHOB, T.€. C Pa3HBIMU MarHUTHBIMU CBOMCTBaMHU. Tak, mo-
Hbl [NiCl,J” u [Ni(NH3)s]’" mapamaruutHbl (OHH COIEpXAaT MO [Ba He-
CIApeHHBIX JIeKTpoHa), a HoH [Ni(CN),J” muamaruuteH (B HEM Hecra-
PEHHBIX JICKTPOHOB HET).

Paccmotpum 00pazoBaHue IBYX OKTadAPUUECKUX KOMILIEKCOB:

[FeFs)* u [Fe(CN)s]*. KommekcooOpaszoBateneM B 06OUX CIydasx
sBisiercst MoH Fe’”, KOTOpbIA B CBOOOJHON COCTOSSHUM HMEET KOH-

dburypanuo

3d 4 4d
P+ B

I'excadropodeppar (II) sBisercs mapamMarHUTHBIM KomruiekcoMm. [Ipu
2
ero 06pPa30BaHMH MPOUCXOMUT BHEIIHSSA Sp d -rHOPUAN3aIHIS:
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) 3d
[Fery) " 4+ ++ a4
4dsp’d’

I'excarmmanodeppar (I1) 6osee ycroiuus, yem rexcadgropodeppar (II).
[Tpu ero oOpa3oBaHUU MPOMCXOJUT CIIAPUBAHUE AJICKTPOHOB Ha 3d-TOJI-
YPOBHE M CTAHOBHTCS BO3MOXKHON BHYTPCHHSSI d°Sp’-THOpHAH3AIMSL.
MarHuTHbBIF MOMEHT KOMILIEKCA paBeH HYJIIO:

[Fe(cny,) " ++ 4 I &
3d%4sp’

Htak, B KOMIUIEKCAX ¢ KOOPJAWHAIIMOHHBIM YUCIIOM 6 BaJCHTHBIM SIBJISI-
ercs d’sp® wnn sp’d’- rubpuaHble opOoUTAIM (BHYTPEHHSS MM BHEIIHSS
rUOpUIU3aINs) U KOMIUIEKCHBIE HOHBI UMEIOT OKTadpUUeCKOe CTPOCHUE.
Takue KOMIUIGKCH oOpasyer, Hampumep, uonbl Cro', Co’', Ni*', Pt
Fe2+, Fe'' u Ip.

KoMruiekcsl ¢ KOOpAMHAIMOHHBIM YUCIIOM 4 UMEIOT IUIOCKYIO WJIM TET-
PadIPUIECKYIO CTPYKTYPY.

Ecnu ueHTpalibHBIE MOH HMMEET BOCEMb d-3JIEKTPOHOB (Ni2 P&
Au’"), To B 06pa3zoBaHms CBs3eH MOXKET MPHHUMATH Y4aCTHE TOJIBKO OIHA
d-opoutans (d,’,’), B pesymprate rubpuaM3alum 00pasyroTcs dsp’-
ruOpuIHBIE OPOUTAIM HANIPABJICHHBIC OT IIEHTPA, K YIJIaM TUIOCKOTO KBa/l-
para. Jlis KomIuiekcooOpa3oBaTelel ¢ APYTrdM YHUCIOM d-3JIEKTPOHOB
dsp’-rubpunu3anys He XapakTepHa.

Ecnu neHTpaibHbIi MOH UMEET 3aN0JIHEHHBIN d-TIOypOBEHb (Cu+, Au’,
n’" Cd*t, Hg2 +), TO €IMHCTBEHHO BO3MOYKHBIM SIBJISIETCS 00pa30BaHHE
sp d-rubpuau3aius opOHTaIedl M KOMIUIEKC HMEeT TeTPadIpHYecKyIo
CTPYKTYPY.

KoMrIuiekcsl ¢ KOOpAMHAITMOHHBIM YUCIIOM 2 UMEIOT JINHEHHYIO CTPYK-
Typy (sp-ruOpH/IHBIE BaJIEHTHBIE OPOUTAN) U XapaKTepHbl 1 Ag', Au’,
Cu' u Ip.

[Ipu 006pa3zoBaHNU HECKOJBKUX (HAMPUMEpP, MIECTH B OKTAdAPHUYCCKUX
KOMIUIEKCaX) JOHOPHO-aKIENTOPHBIX CBS3CH JIUTAHI—> KOMILIEKCOOOpa-
30BaTeIb Ha TOCJICAHEM BO3MOXXHO BO3HHKHOBEHHME BBICOKOTO OTpHIIA-
TEJIBLHOTO 3aps/ia 3a CUET AJICKTPOHHBIX Tap JIMTAHOB, YTO YHEPTEeTUUECKU
HEBBITOJHO K HE MOATBEPKIAETCS OMBITOM. JTO JAET. MMOBOJI CUUTATh, YTO

KOMHHGKCOOﬁpaBOBaHI/Ie HC OI'paHHU4YNBACTCs q)OpMI/IpOBaHI/IeM O-CBsI3€EH.
B Tex Clly4dasax, Korga Jurana MOXKCT IIPUHHUMATL JJICKTPOHLI HA BAKAHT-
HYIO Op6I/ITaHI>, a KOMHJIGKCOO6paSOBaTeJIB pacIiiojaracr HGHOHeHéHHOﬁ

98



napoi 3JEKTPOHOB Ha OJTHOM U3 CBOMX d-OpOUTIIEH, MOXKET 00pa30BaThCs

JIOHOPHO-AKIENITOPHAsA TT-CBSI3b KOMILJIEKCOOOpa3oBaTeIb—IJIUTaHl. JTa
CBSI3b Ha3bIBAE€TCS OOpAaTHOW JTIOHOPHO-AKIIEITOPHOW WM JAaTUBHOM. Ta-
KM 00pa3oM JIMTaHJ| CBS3BIBACTCS C IICHTPAJbHBIM HOHOM JIBOWHOM CBSI-
3b10. [IpMepOM MOXKET CITYKUTbh CBSI3b IEHTPATLHOTO MOHA C JINTAHIaMH
B koMmiuiekce [Fe(CN)sJ*. Noun Fe’" uMeer Tpu HemoeNeHHbIX Hapbl HA
3d-niogypoBHe U ¢ noHamu -C=N." MOXeT 00pa30BaTh OPJIMHAPHYIO CBS3b

Fe <9 C N:
WJIA IBOMHYIO CBA3b
G .o
Fe C N:
T

B none [Fe( CN)6]4' Tpu CBsi3U Fe-CN SBIAIOTCS OpJAMHAPHBIMU, a TPH
JIPYTHUE - TBOUHBIMHU.

B nacrosiiee BpeMsi yCTaHOBJIEHO, YTO JATUBHBIE TI-CBSI3U B KOMILJIEK-
cax d->7IEMEHTOB MOTYT (hOPMHUPOBATHCS JIBYMS MYyTSIMHU: BO-TIEPBBIX, B
pe3yibTaTe MEePEeHEeCEeHUs! d-3JIEKTPOHOB, KOTOPhIE HE MOTYT 00pa30BbI-
BaTh CBSA3U (3TO dyy, dy., d,. - DIEKTPOHBI, T.€. dg- DIEKTPOHBI), HA Py - OP-
OuTau TUranIoB (JIMTAHIBI-ATOMBI BTOPOTO MEPHOA); BO-BTOPBIX, Iepe-
HECEHHEM d-DJICKTPOHOB KOMILIEKCOOOpa3oBarensa Ha d,-OpOuTanb JiH-
raHjoB (JIMTaHAbI-3JIEMEHTHI TpeThero nepuoja). Takoit oOpaTHBIN nepe-
HOC 3JIEKTPOHHOM IIOTHOCTH OT KOMILJIEKCOOOpa3oBaTelis K JUTaHaaM 3a
CUCT dy - p, WM d, - d; B3aUMOJEUCTBUSI 00YCITOBIUBACT HE TOJBKO yBE-
JUYEHHUE MPOYHOCTHU CBS3HU, HO U YMEHBIICHUE YPE3MEPHOTO OTPUIATENb-
HOTO 3apsi/ia Ha IIECHTPAIILHOM aTOME.

C nomolIbi0 METOJ]a BAJICHTHBIX CBSI3€M MOXKHO NpecKa3aTh peakiiv-
OHHYIO CITIOCOOHOCTh KOMIIJIEKCHOT'O COEUHEHUs, KOTOpasi OMpeesieTCs
CKOPOCTbIO OOMEHA JINTAHJI0B KOMILIEKCA Ha APYTHe MOJIEKYJIbl MJIM HOHbI
B pactBope. OOMeHy JIMTaH0B OJaronpusTCTBYET BHEITHSS THOpUIAN3a-
U ¥ HallM4ue y KOMIUIEKCOOOpa3oBaressi CBOOOJHBIX BHYTPEHHHUX d-
opOuTanei.

B ciyyae BHeuiHel ruOpuand3anuu CBs3b JIMTaHAOB C KOMILJIEKCOOOpa-
30BaTesieM ciabee, YeM MpU HAIMYMU BHYTpeHHeW rubpuausanuu. [lo-
TOMY OJHWH W3 JIMTAHJOB CPaBHUTEIBHO JIETKO MOXET OTACIUTHCS OT
KOMITJIEKCa, OCBOOOJIMB MECTO JIsl IPYTON YaCTHIIBI U3 pacTBOpA.

Ecou y xommiekcooOpazoBatensi €CTb CBOOOJHAs BHYTPEHHSS d-Op-
OuTallb, TO YaCTHUIIA U3 PACTBOPA MOXKET MCIOJIb30BaTh €€ JIisi o0pa3oBa-
HUS CBS3M U TPUCOSTUHUTHCA K KOMIUICKCY; MOCJE ATOTO MPOUCXOIUT
OTILEIUICHNUE OJIHOTO U3 JINTAH/IOB.
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C moMoupl0 METOJIa BAJICHTHBIX CBA3EH OBUIO OOBSCHEHO CTPOEHUE,
COCTaB, MAarHUTHBIE CBOMCTBA U PEAKIIMOHHAsI CIIOCOOHOCTh MHOTHX KOM-
IJIEKCHBIX COEAMHEHUN. DTOT METOJ BBIFOJHO OTJIMYAETCS OT JAPYrUX
KBAaHTOBOMEXAaHMYECKUX METOJIOB CBOEHM HArSIAHOCTBHIO. OQHAKO OCHOB-
HOE€ MOJIOKEHUE 3TOr0 METOJA O TOM, UYTO XMMHUYECKasl CBS3b SBISCTCS
JBYXAJIEKTPOHHOM, JUIsl TAKUX CJIOKHBIX OOBEKTOB, KAK KOMILIEKCHBIE CO-
€UHEHUsI, HE BCEr/la MOXKET ObITh puemMiieMbiM. Kpome, Toro meton Ba-
JICHTHBIX CBSI3€U HE B COCTOSIHUM OOBSCHUTH ONTUYECKHE CBONCTBA KOM-
MJIEKCHBIX COCAMHEHUN (MX I[BET, CIIEKTPbI MOTJIOMICHUS), MPEICTABIISIO-
e Oosbiioil uaTepec. [loatoMy B mocneaHee BpeMsi BCE yalle mpuMme-
HAKOTCS APYTHE KBAHTOBOMEXaHUYECKUE METO/IbI.

Teopust BaJEHTHBIX CBSA3EH NPUMEHHMA TOJBKO B CIIy4ae KOBAJICHTHBIX
KOMIUJIEKCOB, TEOPUS KPUCTAILUINYECKOTO TMOJISI - TOJBKO B CIIy4a€ MOHHBIX
KOMILIEKCOB. KBaHTOBOMEXaHNYECKON TEOpUEH, IPUMEHEHUE KOTOPOU HE
3aBUCUT OT XapakTepa CBS3CH, SBISICTCS TEOPHUS MOJICKYJISIPHBIX OpOuTe
JIEH.

§ 4. MeToa MoJIeKYJSAPHBIX OpOUTAIEH

CornacHo merony MO kaxzmas opOuTanb KOMILIEKCOOOpa3oBaTess C
OpOHTaNBI0 JIMTaHa MOXET AaTh JBE MOJIEKYJSIPHBIX OpOUTaIM KOM-
IJIEKCHOTO coeNMHEeHHUs: cBs3biBatolyto W u paspeixistomiyio Y*. Cssasb
MO xomruiekca ¢ opOUTaNbI0 KOMIUIEKCOOOpa3oBaresns W, U JUranjaa y,
BBIPAXKAETCsl CAEAYIOMUM 00pa3oMm:

1/2

Y=oy, +(1-a")"y,;
YE=(1-a*)"y, —oy,.

rae o- Kod(UIHUEHT, KOTOPbIA MOXET U3MEHSThCS OT HYJIA A0 €IUHU-
1bl. 3HAUCHHUE KOI(PPUIIEHTa O MOXKET OBITH BBIYUCIIEHO B KaX/IOM KOH-
KPETHOM CiIy4ae U, CyIs MO HEMY, MOKHO ONPENEIUTh TUIl CBSI3U MEXKIY
KOMILIeKcooOpa3oBaTesnieM u JuranaoM. Ecium o=0, TO cBs3bIBaroue
AJIEKTPOHBI HAXOJATCS MOJHOCTHIO Y nuranaoB (‘(V=y,), a pazpsixistoniue
AJIEKTPOHBI HAXOJATCA MOJHOCTBIO y KOoMIUIekcooOpaszoBarens (‘P*=y,).
CrnenoBaTenbHO, B 3TOM Clly4ae B KOMIUIEKCHOM COEIMHEHHH OCYIIECTB-
JSIeTCsI OJIMHHO UOHHAS CBSI3b.

Ecnu a=./0,5 , TO SIEKTPOHBI MOI'YT C OJMHAKOBOM BEPOATHOCTBIO Ha-
XOJUTHCS KaK y KOMIUIEKCOOOpa3oBarens, Tak U y juranaa. CBs3b B 3TOM
Clly4ae SIBJISIETCS YMCTO KOBAJICHTHOM.

Eciu  o=1, cBA3bIBaOIIKE AMEKTPOHBI HAXOISATCS MOJTHOCTHIO Yy KOM-
miekcoobOpasosarens (Y=, ), a paspeixistoniue - y auranaos (‘\W*=y,),
CBsI3b MOHHAA. TakuMm 00pa3oM, METOJT MOJIEKYJISIPHBIX OpOUTaJIel BBHITOI-
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HO OTJIMYAETCS OT JPYTUX TEOpPHil 00pa30BaHUSl KOMIUIEKCHBIX COEIMHE-
HUN TE€M, YTO C MOMOIIbIO KO3PPUILIHUEHTa O MOKET KOJIMYECTBEHHO 0Xa-
PaKTEpU30BATh CTENIEHb HOHHOCTH CBSA3U.

MaremaTnyeckuil anmnapar KBAHTOBOW MEXaHUKH MO3BOJISET BBISICHUTD,
KaKue MOJIEKYJISIpHbIE OpOUTAIM MMEIOTCS B JAHHOM KOMILIEKCHOM CO-
€IUHEHNH, KaKOBa MX DHEPIUs U KAaKOBO pPaCIIPEIECIICHUE DJIEKTPOHHOU
IUIOTHOCTU. BCE 3TO 3aBHCHUT OT MpUpPOIbl KOMIUIEKCOOOpA30BaTENS U JIU-
raHJ0B U OT CTPYKTYPbl KOMIIJIEKCHOI'O COEIMHEHUS. J(narpaMmMbl dHEpre-
TUYECKUX YPOBHEW MOJICKYJISIPHBIX OpOUTanei AJjis KOMIUIEKCOB C OJMHA-
KOBOI CTPYKTYPOI UIMEIOT MHOTO OOIIETO.

B okrasapuyeckom KomIuiekce B 00pa3oBaHUU O-CBSI3€W € JIMTaHAAMMU
MOTYT HPUHUMATh YYaCTHE S-, Py, Py, P do - dy’,’ -opburami. B o6pa-
30BaHUM TU-CBA3EH MOIYT NPUHUMATD YYACTHE Pi-, Py, Pz- gy iy dys -
opOuTany.

Ha puc.48 u 49 panwsl nuarpamma 3Heprur MO [Jisi OKTa’ApUYECKUX
KOMILIeKCOB, [CoF ] u [Co(NH;)s]”". C neBoii CTOpOHBI AMArPAMMBI I10-

A0 M0 A0
o 6 o7
A /
4o .~ G5 |
~ \ ‘\
4 \//é#z 2852\
+s 1 X“y Z \\‘

-—-.4--—»‘—-—»-—\

Puc.48. lnarpamma sHepreruueckux ypoBHeir MO

3-
BBICOKOCITMHOBOTO KoMmIiekca [CoFg/
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Puc.49. [Quarpamma »sHeprernueckux ypoBHerd MO
+
BBICOKOCITHHOBOTO KoMILIekca [Co(NH3)s]’

Ka3aHbl 3d-, 4s- u 4p-atomusie opbutanu nona Co’ . B o6pasoBaHnu Ka-
KIOTO KOMIUIEKCAa yYacTBYET IIECTh OJMHAKOBBIX JIMTAHJIOB, IOSTOMY
CrlpaBa BCE IIECTh OpOWTANCH PACHOJIOKEHBI Ha OJWHAKOBOM YPOBHE.
DHeprusi opOuTaneil JUraHI0B HIDKE, YeM SHEPIHsl OpOUTaIe KOMILIEK-
cooOpa3oBaTessi, TOATOMY CBSI3W UMEIOT 10 HEKOTOPOW CTETICHU MOHHBIN
xapakTep; cBsi3biBaBIre MO 0osee CXOHBI ¢ OPOUTATIIMH JIMTAHIOB, YeM
C OpOUTAISIMU KOMIUIEKCOOOpa30BaTelIs.

B pesyibrate mepekpbiBaHus opOuTaneil nona Co’' M IMraHmos o6-

pasyercs IIECTh CBA3BIBAIOIIMX opOuTaneit (ogHa Os, TpH Op, JBE O4) U
mecTh paspbixistionux. Opburanu d,,-, d,., dy, He ydacTByIOT B 00-

pazoBaHusa O-CBsi3ei. VIX 3HEpreTuueckoe COCTOSIHUE HE M3MEHSIETCS B
pe3yibTaTe 00pa30BaHUsI KOMIUIEKCA MO CPaBHEHHUIO CO CBOOOJHBIM HO-
HoM Co’". Takue opOUTAITH HA3BIBAIOTCS HECBA3BIBAIOIMME. TakuM 06pa-
30M, BaJICHTHBIC JJICKTPOHBI KOMILIEKCOOOpa3oBaTess M JUTAaHIOB MOTYT
Pa3MECTUTHCS HA IIECTH CBS3bIBABLIMX, TPEX HECBSZBIBAIOIIMX U IIECTH

Pa3phIXISAIOMINX OpOUTATIAX.
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B o6pasoBanuy Kaxaoro us uoHoB [CoFs]” u [Co(NH3)s]’" npusu-
MAIOT Y4acTHE WIECTh (d-2eKTpoHOB noHa Co’ " W IIecTh JIIEKTPOHHBIX
nap JIMraHjoB - Bcero 18 ayekTpoHOB. B mepByro odepenb 3JeKTpoHAMU
3aIOJIHSIOTCS 1IECTh CBSI3BIBAIOIINX OPOUTAJIEH, UTO COOTBETCTBYET 00Opa-

30BaHUIO MIECTU O-CBsizei. OCTaNbHBIE .IIECTh JIEKTPOHOB JOJIKHBI pa3-
MECTUTBCS WM TOJILKO Ha HECBS3BIBAIOIIMX OPOUTANISAX, UJIM U HA HECBS-

3BIBAIONINX U Ha Og*-opOuTaisx. DTo pacrpeeseHne 3aBUCHT OT COOTHO-
IICHHSI SHEPTUU CIIAPUBAHUS DJICKTPOHOB P W Pa3HOCTH B JHEPTUAX He-

CBSI3BIBAIOIINX U Oy -opOuTaneii, KoTopast (0 aHAJIOTHH C TEOPUEH KpH-
CTAJUTMYECKOTO IOJII) HA3bIBAETCS AIHEpPrHeu paciieryieHuss U o0o3Ha-
yaeTcsi OykBoi A.

Ecnu cnapuBanue 31eKTPOHOB TpeOyeT OoJIblel 3aTpaThl YHEPTUHU, YEM

nepexoj1 Ha G-opouTaiu (P >A), TO 3al0HEHNE HECBA3BIBAIONIMX U Gy --
opbuTaneit coorBeTcTBYyeT npaBuity ['yHaa (o aHamoruu ¢ Teopuen Kpu-
CTAJUTMYECKOI0 TOJIs 3TO ciydail crmaboro mosnst). Ecnu sxe cnapuBaHue

3JIEKTPOHOB TPEeOYET MEHBINEH 3aTpaThl SHEPIUHU, YEM IIEPEBO Ha Gy -

opoutanu (P <A), To cHa4aia 3JIEKTPOHHBIMHU MapaMu 3aIMOJHSIIOTCS He-
CBSI3bIBAIOIIME OpPOUTAIM U TOJBKO MOTOM HAYMHAETCS 3aIlOJHEHHE Pas-

PHIXJISIONMX Gq*-opOuTaieii (110 aHAJIOTHHU ¢ TEOPUEN KPUCTAITHIECKOTO
MOJISI 3TO CJIy4ail CUJIBHOTO MOJIs).
B komiutekcHOM HoHe [CoFs]” A < P, mOITOMY 4YeThIpe 3JIEKTPOHA

pacrpeielieHbl Ha HECBA3HIBAIONIMX OPOMTAIIAX U Ba Ha Gy -0p-OUTalIsX.
Kommieke mapamarauTeH. Hanmuuue ABYX pasphIXJISIIONIMX 3JIEKTPOHOB
ocla0isieT CBsI3b KOMIUIEKCOOOpaszoBarens ¢ JuraHjaamMu. B cioyuae
[Co(NH3)s]>" A >P. Bce 1mecTb IEKTPOHOB 3aHMMAIOT HECBSI3BIBAIOLIIE
opbutanu. Kommieke auamMarHuTeH. Pa3phIxiisiiomux 3JeKTPOHOB B KOM-
IJIEKCE HET, IO3TOMY KOMIUIEKC sBJIsIeTCs 60s1ee mpodHbiM, yeM [CoF s/ 5
[Tornomenne cBeTa B BUAMMOM YacTU CHEKTPa, a CIEAOBATEIBHO, U
I[BET KOMIUIEKCHOTO COCIWHEHHUs, 0O0YCIOBIMBACTCS IMEPEXO0JaMU DJICK-

TPOHOB C HECBS3BIBAIONIMX Ha Og*-opOurtamu. Takum o6pa3oMm, omrude-
CKHE CBOMCTBAa KOMIUIEKCHBIX COCTMHEHUI Ka4eCTBEHHO W KOJIMYECTBEHHO
OOBSICHSIFOTCSI C TIOMOIIBIO BETMUMHBI SHEPTUU PACIICIUICHHS A.

BenuunHol A mOAB3yIOTCSA U TEOPUS KPUCTAIUTHYECKOTO TOJISL, U TEOPUS
MOJICKYJISIPHBIX OpOUTANIel. HO MIPUUMHBI PACIICTUICHUS YHEPTHHA B 00eUX
TeopHsaX pa3nuyHbl. COTJIaCHO TEOPHH KPHUCTALUTUYECKOTO TOJS PacIier-
JICHWE SIBJISICTCS CJEJCTBHEM DJCKTPOCTATUYECCKOTO OTTAIKHBAHUS d-
3JIEKTPOHOB OT JIMTAHJOB. Teopusi MOJNEKYISIPHBIX OpOHTAaIe TPUITUCHI-
BAeT pacIleIuieHue 00pa30BaHMIO KOBAJCHTHBIX CBsi3el. YeM Oosblie me-
pekpbiBaHMe d,OpOHTallell KOMILIEKCOOOpa3oBaTeis C JIMTAHJAMH, TEM
BBIIIIE SHEPTHS Pa3PBIXIIIONIUX d-0pOuTaei.

103



PopMabHO PE3yabTaThl TEOPUU KPUCTAIUIMYECKOTO MOJI U METOJA MO-
JEKYJSIpHBIX opOuTaneil coBnagatoT. [Ipu kauecTBEHHOM OOBSICHEHUU
MAarHUTHBIX U ONTUYECKUX CBOMCTB KOMILJIEKCHBIX COEIMHEHUN OOBIYHO
MOJIB3YIOTCS TEOPUEH KPUCTAIIMYECKOTO MOJIsA, TaK KaK OHA sIBsieTcss 00-
nee npoctoil. Ecnu jke MarHUTHBIE U ONTUYECKUE CBOWCTBA HEOOXOAUMO
PacCMOTPETh C KOJIMYECTBEHHONW CTOPOHBI (HAPUMEpP, BBIYUCIUTD JJIUHY
BOJIHBI MAaKCUMyMa IIOIJIOUIEHUSI CBETA), MOJIb3YIOTCA METOJOM MOJIEKY-
JSIPHBIX OpOUTaneil, KOTOPhIM 1aéT OoJiee TOUHbIE PE3yJIbTATHI.

B 3axmtoueHue cienyer NOogYEpKHYTh, YTO BCE TPU KBAHTOMEXaHUYE-
CKHUE€ TEOPHUH SIBISIOTCS NpUOIMKeHHbIMH. OHU MOTYT Kauy€CTBEHHO 00b-
SICHUTh MHOTHE OCOOEHHOCTH KOMILJIEKCOB d-3iieMeHTOB. Bce Tpu Haxo-
Jsin. TPUMEHEHUE B HACTOSIIEE BpeMsl, MPUUYEM Ta .UM UHASI MOXKET ObITh
0COOCHHO YyNIOOHOM asi gaHHOrO ciy4as. Haubonee mepcrnekTUBHON u3
HUX CIJIEJIyeT MPU3HATh TEOPHUIO, MOJIEKYJIIPHbIE OpOUTANICH, TaK KaK BO3-
MOXXHOCTH €€ NMPUMEHEHHUsI HE OIPAaHMYEHBbl OJIHUM THUIIOM CBSI3U (KOBa-
JeHTHOW niau uoHHOM). [IIupokoMy NMPUMEHEHHIO 3TON TEOPUU MPETSITCT-
BYET CJIO)KHOCTh MAaT€MAaTHYECKOro ammnapara (3Ta NpuyuHa MOCTENEHHO
YCTPAHSIETCS B CBSA3M C Pa3BUTHEM BBIYUCIUTEIBLHON TEXHUKH) U TPYIHO-
CTH B HarjsiAHOM H300pakeHuu pe3yibpTaToB. [loaTomMy B Gosiee mpocThix
ClIy4asX JIOBOJIBHO YacTO €LIE IOJIB3YIOTCS AK€ JJIEKTPOCTATUYECKOU
TEOpHUEU.
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