3AHATHUE NeS
«CTPOEHHUE ATOMA U XUMHNYECKAS CBA3b»

Bomnpocskl K 3aHATHIO:

1. OcHOBHBIC TOJIOKCHHSI KBAaHTOBOM MeXaHUKH. I[loHsATHE O BOJHOBOW (YHKIIWH,
AJIGKTPOHHOM O0JIaKe M aTOMHOU opOHTare.

2. VYpasuenus [le-bpoins, Illpenunrepa m npuHmmMm HeomnpeaeleHHOCTH [eizenOepra.
KBaHTOBO-MeXaHNUECKast MOZEIb aTOMA.

3. XapakTepUCTUKH SHEPIeTHUECKOTO COCTOSHUSA JIEKTPOHA B CUCTEME KBAHTOBBIX YHCEIL.

4. Ilpunuun [laynu, npyHIMI MUHHMYyMa 3Hepruu u npaswio I'yapa. Mx ucnonb3oBaHue
JUIsL 0OOBbSICHEHHUS TTOCIIEI0BATEILHOCTH 3aMI0JIHEHUS SJIEKTPOHHBIX 000JI0UEK aToMa.

5. TlonsTue 0 XMMHUUYECKOU CBSI3U U MeXaHU3Me ee oOpa3oBaHus. KoBaneHTHas CBs3b U €€
CBOMCTBA: SHEPIUs, IJIMHA, HACBIILIAEMOCTh, HAIIPaBIEHHOCTb, MOJISPHOCTb.

6. Meton BaJeHTHBIX CBs3ed. BajeHTHOCTh aTomMa M €ro KOOPAMHAIIMOHHO-HACHIIICHHOE,
BAJICHTHO-HACBILIEHHOE U BAJICHTHO-HEHACHIIICHHOE COCTOSIHUE.

7. JIMIOJBHBIA MOMEHT CBSI3H M €€ NOJSIpU3yeMOCTh. FIOHHas CBs3b.

8. IlonsTne o ruOpuAM3AIMKM aTOMHBIX OpOUTaIe U BUABI THOPUIHBIX COCTOSHUI atoma:
sp’, sp, sp, sp_d’, sp’d.

9. BoaoponHas cBs3b, MEXaHU3M 00pa30BaHUS U €€ POJIb B MPOIIECCAX ACCOIHAIIIH.

§1. CaoxHocTh CTPYKTYPBI aTOMa. SlnepHas moaeas J. Peseppopaa

B ocHOBe aTOMHO-MOJNEKYJISIPHON TEOPUH CTPOCHHSI BEIIECTBA JICKUT MPEACTABICHUE O
BO3MOXXHOCTH pa3JiesiecHuss (U3MUYECKOTO Tea Ha MaJIbIe YacTH, KaXaas U3 KOTOPBIX COXPaHSET
XUMHYECKHE CBOICTBA TeNa. DTH YacTH ObLITU Ha3BAaHBI MOJICKYJIaMH.

[Ipenmnosnaranoch, 4To MOJIEKYJbl CIOKHOTO COCTaBa MOXHO pa3/eidUTh Ha 4YacTH,
Ha3bIBa€Mble aTOMaMU. ATOMBI B XMMHMUYECKHUX pEaKUUAX He H3MeHsIoTcsa. Ecian momycTuTh
CYHICCTBOBAHUEC ABMIKYHIUXCSA aTOMOB U MOJICKYJI, TO MOXXHO OOBSICHUTH MHOTHE Ha6JIIOZIa€MI)I€
Ha OmbITe cBoWcTBa (u3mueckux Teia. [Ipu 3TOM cuuTanoch, 4TO OMBITHBIE (HAKTHI MOKHO
HCTOJIKOBATb, CUHUTAsd aTOMbI U MOJICKYJIbI TOUCYHBIMU TCJIAMH. OI[HaKO B KOHIIC XIX — Hagane
XXB. OBLITH OTKPHITHI SIBJICHUS, 3aCTABIISIONINE CIIENATh MIPEANOIOKEHUE O CIOKHOCTH CTPOCHUS
aTOMOB U MOJIEKYIL.

N3yueHne npoXO0KJIEHUs HIEKTPUYECKOr0 TOKA Yepe3 ra3bl U pPacTBOPbI MO3BOIMIO
0OHApPY>XHUTh OJTHY U3 COCTAaBHBIX YACTEH aTOMa M MOJIEKYJIBI — DJIEKTPOH.

[Tpu u3ydeHnn MPOXOKJIECHUS FIEKTPUUECKOTO TOKA Yepe3 pacTBOPHI ANEKTPOIHUTA ObLIN
OTKPBITHI 3aKOHBI AJIEKTPOJIN3a U BBEJICHO MPEICTABIICHNE O CYIECTBOBAHHUH MOJOKUTEILHOTO U
OTPULIATEIILHOTO 3apSyKEHHBIX ATOMOB WJIM TPYII aTOMOB — KATUOHOB U aHUOHOB.

Ot q)aKTBI OPUBCIIM K MBICIM O TOM, YTO aTOM MOXHO HNPECACTABUTH KaK CJIOKHOC
o0pa3oBaHHe, COCTOSIIEE U3 AIEKTPOHOB U 00JIACTH, HECYIEH MOJOKUTENbHBIN 3apsaa. Bo3Huk
BOIPOC 00 OTHOCHUTEIBLHOM PpACIOJIO)KEHUHU DJEKTPOHOB U TOJOXKHUTEIbHO 3apsKEeHHON
OCTQJIbHOW YacCTH aTOMa.

B 1904 rony B. Tomcon u JI. [I. ToMCOH mpeasioxKIM MOJIEb CTPOEHUS aTroMa. ATOM
MPEACTABISIET TOJOXKUTENIbHO 3apsDKeHHBIA IIap, B KOTOPOM BKparuIeHbl OTPUIATENIBHO
3apAKCHHBIC DJICKTPOHBI.

B tom ke roay smonckuit ¢pusuk X. Haraoka mpeanoKui HHYO MOJIENb CTPOCHHUS aTOMA:
aTOM MMEET CTPOCHHE, HAIIOMUHAIOIIEEe CTPOeHHE TIaHeThl CaTypH ¢ €€ KOJIbIlaMU CITyTHHKOB.
OcCHOBHas 4acTh aTOMa - TMOJOKUTEIBHO 3apsDKEHHBIA IIap, BOKPYT KOTOPOTO MO KOJBLEBBIM
opOuTaM BpaIaroTCs SJICKTPOHBI.

B 1906 — 1911 rr. B nabopatopuu 3. Pezepdopaa ObII0 U3ydeHO MPOXOKICHUE Yepes
Gobry ABaXKIbl HWOHU3UPOBAHHBIX aTOMOB Tenus — o-gactuil. Oxa3aiock, 4To 00JacTh
MOJIOKUTENBHOTO 3apsiia aToMa OYEHb HEBEJMKA [0 pa3MepaM, YTO MPOTUBOPEUMIIO Mojenu B.



Tomcona u [I. JI. Tomcona. 3. Pesepdopa ucnonb3oBan 1uianerapayto moaens X. Haraoxwu.
Opnako OH MpemyoXuin B oTinuMe oT Haraoku, 4ro Macca aromMa MOYTH ILETUKOM
cocpenoToueHa B 00JIaCTH MOJIOKUTENILHOTO 3apsiia. DTa o0yacTh Oblja Ha3BaHA SIPOM aTOMA.
Snepnas monmens atoma mpemnoxeHa J. Pesepdopaom B 1911 r. Ho ona He moria oOBbsSCHUTH
(akTa yCTOMUYMBOCTH aToma: BEIb COTJIACHO 3aKOHAM 3JIEKTPOJUHAMUKU DIIEKTPOHBI JTOJIKHBI
ObLIM OBl M3Iy4YaTh AJIEKTPOMArHUTHBIC BOJHBI, TEPsAsS KUHETHUECKYIO SHEPTrUI0 M yMEHbIIast
CBOIO CKOPOCTb, [TI0Ka HE ynaayT Ha Jpo.

B nanpHeiimeM u3yyeHUE CTpOEHHS aTOMa pa3BUBAIOCH MO JABYM HAaIpaBICHUSIM —
UCCIICIOBAaHUE aTOMHOTO si/ipa W D3JEKTPOHHOM oOoyouku aroma. llepBas KoJmuecTBEHHas
TEOpHs MPOCTEHIIIEro aToMa Bo1opoia Obla pazpadorana H. bopom B 1913r.

B 1913 r. H. bop npemnoxun Monenb aroMa BOAOPOJA, MCXOAS M3 TUIIOTE3BI
Pesepdopaa, 10moIHEeHHON HOBBIMH MOJIO0KEHUSIMHU:

1. DIeKTpoH MOXKET BpamaTrbcs IO OINpeNeJEHHBIM KPYroBHIM OpOuUTaM, HE HU3Iydas

SHEPTUHU.

2. bnwxkaiimas K sApy opOuTa OTBEYaeT HOPMaJbHOMY, Hauboyiee YCTOWYHMBOMY

COCTOSTHUIO aTOMa.

3. IlormomieHue M U3Iy4YEHUE aTOMOM DSHEPIUM MPOUCXOAST JIMIIL IPU IEPECKOKE
3JIEKTPOHA C OJIHON OPOUTHI HA JPYTYIO.

§2. HayaJia BOJIHOBOM MEeXaHHMKH.

OtkpeiTus ¢usuku koHna XIX - Hagama XX B. MpUBENTH K BBIBOJY O TOM, UYTO CBET,
KOTOPBIM paHbLIE PacCMAaTPUBAICA KAaK IIPUMEP BOJHOBOTO IIPOILECCA, MOXKHO pacCMaTpUBaTh
KaK COBOKYMHOCTb 4acTull ((OTOHOB), OOIAAAIOIMIMX MEXAHUYECKUMHU XapaKTePUCTUKAMU
JBWKEHUS — Maccoil, sHeprueit 1 uMiyiascom. B 1900 r. M. IInankoM ObUTO MPENIONOKEHO, YTO
MPOLIECC M3JTYyYEHUs aTOMaMHU CBETOBOM 3HEPruU MPOMCXOJUT HE HENPEPHIBHO, a MOPLUSIMHU,
KBaHTaMH, BEJIMYMHA KOTOPBIX 3aBUCUT OT YAaCTOTHI UCIYCKAEMOI'O CBETA:

E=h-v

B 1905 r. M. I1nankom mokasaji, 4To Macca TeJla CBsA3aHa C €ro SHEpruel COOTHOIIEHUEM

2 o o
E=mc". VYpaHenus [lnanka m DHHIITEHHA [alOT BO3MOXHOCTH IMOJYYUTHh COOTHOIIEHHE
MEXy Maccoil poToHa U JUIMHOW BOJIHBI CBETA, MJIM YaCTOTON CBETOBBIX KOJIeOaHUIl:

E = hv=mc’ v=—

B 1924 r. Jlyn ne Bpoitnb npeanonoxkui, KOpIyCKyJISIPHO BOJHOBAsI MPUPOAA MPUCYIIA
HE TOJBKO CBETY, HO M JIOOBIM JpyruM MHKpouacTunaMm. [Ipu 3ToM [AiIMHA BOJHBL,
COOTBETCTBYIOIAsl JaHHOW YacTHULIE:
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B 1927 r. JleBuccon u JlxepMep OOHApYyX MU, 4TO NMPU AU(PAKIUKN SJIEKTPOHOB Ha
HUKEJE BO3HHMKAaeT JAudpaklUMOHHAas KapTHWHA, CXOAHas C Judpaknued cBera Ha
KPUCTANIMYECKON pemeTke. DTO sBJIEHHE MOJY4YHJIO Ha3BaHUE NUPPAKIUU 31eKTpoHOB. OHO
CUMTAETCS HKCIIEPUMEHTAIBHBIM JIOKa3aTeIbCTBOM CYIIECTBOBAHMS BOJH J€ bpoid wim
KOPIIYCKYJIAPHO-BOJIHOBOI'O JyaJIM3Ma dJIEKTPOHOB. B BOJIHOBBIX CBOMCTBAX JJIEKTPOHA 3aJI05KEH
OJIMH U3 IPHUHIIMIIOB BOJHOBON MEXAHHKHU.

BropeiM siBsieTcst npuHImn HeornpeaenéuHoctH ['eizendepra (1925r.).

B Mexanuke HaOmOJeHME BOJHOBOIO IIpolecca — MEPUOJUYECKOro KoJeOaHus
CIUIOLIHOM CPEIbI — I103BOJIAET ONIPEAEIIUTD JUIMHY BOJIHBI U CKOPOCTH €€ paclpocTpaneHus. Yem
Oonblie 00JIACTh MPOCTPAHCTBA, B KOTOPOM PACHpPOCTPAHSIETCS BOJIHA, TEM TOUYHEE MOXKHO
OTIpEeNIeNIUTh ATH XapaKTepUCcTUKU. MlHaue oOCTOUT n1eno npu nepexoje K 00beKTaM MUKPOMUPA.
['efizenOepr mnokasajl, 4YTO TOYHOE OIPEAEICHUE IOJIOKEHUS JJIEKTpPOHa Ha OpOUTE M €ro



CKOpOCTh HE MOTYT ObITh 3aduKcupoBaHbl. [IpousBeneHne HeoNpenenEHHOCTEH MOI0KEHUS
(Ax) u ckopoctr (Ap) HUKOT/Ia HE MOXKET OBITh MEHbIIE, 4eM h/m.:
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IIpoMexyTOK IPOCTPaHCTBA, B KOTOPOM BEPOSITHOCTh HAXOXKICHHS 3JIEKTPOHA BEJIUKA,
Ha3bIBAETCS SJIEKTPOHHBIM 00JIaKOM.

A 4acTh OKOJIOSZIEPHOTO MPOCTPAHCTBA, KOTOPasi 0XBAaThIBAET 0K0JIO 90% 3IEKTPOHHOTO
o0J1aka, Ha3bIBAETCSI ATOMHOM OpOUTAJIBIO.

[IpencraBinenne 00 arome ¢ ONpeAeNEHHBIMM OpOUTAMHU 3aMEHSETCS B BOJHOBOM
MEXAHUKE MPECTABIEHUEM O BEPOSITHOM HaXO0K/IEHUU JIEKTPOHA B TOM WJIM MHOM 4acTH aToMa.
Onenka »TOW BEpPOATHOCTH MPOU3BOAUTCS TNpu pemeHuu ypaBHeHus lpenunrepa,
OIMCHIBAIOLIETO JIBUKEHUE 3JIEKTPOHA.

Hcxons U3 mpeacraBieHusl O HAJIUMYWK Y SJEKTPOHA BOJHOBBIX cBoiicTB lllpeaunrep B
1925r. npenrnonaoKui, 4To COCTOSTHUE ABUXKYIIIETOCS B aTOME 3JIEKTPOHA JOHKHO OMUCHIBATHCS
U3BECTHBIM B (PU3MKE YypaBHEHHEM CTOsSlU€H SJIEKTPOMAarHUTHOM BoONHBL [loacTaBuB B 3TO
ypaBHEHHE BbIpakeHue ne bpoitis (A=h/mv), oH TOIy4YMJI HOBOE YpaBHEHHE, CBSI3BIBAIOIICE
SHEPTUI0 JJIEKTPOHA C MPOCTPAHCTBEHHBIMU KOOpAMHATAMHU U TaK Ha3bIBa€MOW BOJIHOBOU
¢yHkue (y), COOTBETCTBYIOLIEH B 3TOM YPAaBHEHMM AMIUIUTYAE TPEXMEPHOIO BOJIHOBOTO
nporecca.
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E — nmonnasg sneprus, U — noTteHuumanbHass SHEPrusl 3JEKTPOHA, VY — BTOpAasi MPOU3BOIHAA
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BOJIHOBOU (DYHKIIMHU IO OCSIM X, Y, Z VY= Tttt
R

Oco0eHHO BaXHOE 3HAYEHHE ISl XAPAKTEPUCTHKHM COCTOSIHHS DJIEKTpOHa HMEET
BosHOBasg (yHkuua . IlogoO6HO amMIuMTyne J00Oro BOJHOBOIO MPOLECCa, OHA MOXKET
MMPUHHUMATH KaK IMOJOXKUTCIIbHBIC, TaK U OTPUILATCIIbHBIC 3HAUCHUA. O)IHaKO BCJIMUHMHA \|12 BCE€raa
nosoxuTensHa. IIpudem dem GolbIne 3HAUYCHHE \y* B JAHHOM 0OIACTH IPOCTPAHCTBA, TEM BBIIIIE
BEPOSTHOCTH TOTO, YTO JIEKTPOH MPOSIBUT 37IECh CBOE ACHUCTBHE, T.€. €O CYIIECTBOBaHUE OyaeT
oOHapy>KeHO B KakoM-1100 (u3nueckoM mporuecce.

Bonee TounbIM OyzeT ciemyromee yTBEpKICHHE: BEPOSITHOCTh 00HAPYKEHHUS IEKTPOHA
B HEKOTOPOM ManoM oObeMe AV Bhipaxaercsi mpomsseneHneM Y AV. Takum o6pasom, cama
BCJIMUYHUHA \VZ BBIPAXKACT IMJIOTHOCTE BEPOATHOCTU HAXOXKJIACHUA SJICKTPOHA B COOTBGTCTBYIOHIGI\/'I
00J1aCTH IPOCTPAHCTBA.

§3. KBanToBbIE UncIa

JInst 3JIeKTpOHA, HAXOASIIETOoCs MOJA ACHCTBUEM CHII MPUTSDKEHUS K SApY, YpaBHEHUE
[[Ipenunrepa WMeeT pelIeHWs] HE TMPH JIOOBIX, a TOJBKO TMPU OMNPEACTEHHBIX 3HAYCHUSIX
SHeprum. PemieHneM 3TOTO ypaBHEHHUS SBJISIOTCS 3 KBaHTOBBIX umcna (n, 1, m). Dueprus
9JIEKTPOHA B peajbHOM aTOME KBaHTOBaHA.

Bo3MmoskHbBIE SHEPreTUYECKHe COCTOSIHUS AJIEKTPOHA B aTOME ONPEIENSIIOTCS BEITMYUHOMN
TJIAaBHOTO KBAHTOBOTO YHCJIA N, KOTOPOE€ MOXKET MPUHUMATH TMOJIOKHUTEIHHBIEC 1EJI0UYNCICHHBIC
3Hauenus: 1, 2, 3, ... u T.A. Haumensblueld sHepruen >1IeKTpOoH oOmamaeT mpu n = 1; ¢
YBEIMYCHUEM 1N DHEPrusi JJEKTpoHA Bo3pactaer. [lodToOMy cOCTOsSIHME DJIEKTPOHA,
XapaKkTepu3ylolieecss ONpeaeIEHHbIM 3HAUY€HHEM T[JIABHOTO KBAaHTOBOIO YMHCIA, IPUHSTO



HA3bIBaTh SHEPreTUYECCKUM YPOBHEM D3JIEKTPOHA B aToOMe: MpU h = | 3JIEKTPOH HAXOJIUTCS Ha
MIEPBOM DHEPIeTHUYECKOM YPOBHE, TIPH N = 2 HA BTOPOM H T.JI.

['maBHOE KBaHTOBOE YHCIO ONpENCNIIeT W pa3Mephbl dJICKTpOHHOro obnaka. Jls
SHEPreTUYEeCKUX YPOBHEH 3JIEKTPOHA B aroMme (T.€. JJIS DJICKTPOHHBIX CIOEB MU 000JIOYEK),
COOTBETCTBYIOIIMX PA3IUYHBIM 3HAYEHUSM 1N, OBUIM TPHUHSATH CIEAYIONHEe OYKBEHHBIC
0003HAYECHMUS:

I'maBHOE KBAaHTOBOE YHCIIO N 1 2 3 4 5 6 7
O6o3HaueHue 3HepreTuyeckoro ypoeus K L M N O P Q

He Tonmbko sHEpPrus 2IeKTpOHA B aTOME HE MOXET OBITh NMPOU3BOIBLHON. [Ipon3BoabHOM
HE MOXKET OBITh U (hopma 3IeKTpOoHHOTO oOaka. OHa onpeaensieTcss opouTaAIbHBIM (TT0O0YHOE)
KBAaHTOBBIM YHUCIIOM |, KOTOpoe MOkeT mpuHUMaTh 3HaueHus: ot 0 10 (n — 1), rae n — rmaBHOE
KBAaHTOBOE YMCIO. Pa3inuHbIM 3HAYEHHUSIM N OTBEYAeT Pa3HOE YMCIO BO3MOKHBIX 3HaueHUu l.
Tak, mpu n = 1 BO3MOXKHO TOJBKO OJIHO 3HAYCHHE OPOUTAIBHOTO KBaHTOBOro uucina | = 0, mpu n
=2 1 moxet ObITh paBHO 0, 1, ipu n = 3 BO3MOXHBI 3HaYeHus 1 =0, 1, 2.

CocTostHHST DJIEKTPOHA, XapaKTEePHU3YIOIIMECs pa3IMYHBIMH 3HAYCHHUSAMH |, TPUHATO
HA3bIBaTh SHEPTETUYECKUMH MOAYPOBHAMHU AJIEKTPOHA B aTOME. DTUM MOAYPOBHSIM MPUCBOCHBI
cienyronme OyKBeHHbIe 0003HAYCHHUS:

OpOuTanbHOE KBAHTOBOE YHCIIO | 0 1 2 3
O603HaueHue YHEPTeTUYECKOrO MOAYPOBHS S p d f

W3 ypaBuenus lllpenunrepa Takxke ciaeayeT, YTO U OPUEHTAIIMS AJIEKTPOHHOTO 00Jiaka B
IPOCTPAHCTBE HE MOXKET OBITh MPOU3BOJIGHOW: OHA OINPENEeNIeTCs 3HAaYCHHEM TPEThEro, TaK
HA3bIBAEMOT'0 MarHUTHOTO (a3UMYTaIbHOI0) KBAHTOBOTO YUCIIA M.

MarHuTHOE KBaHTOBOE YHCIIO MOXKET IPUHUMATH JIIOOBIE IIEIOYNCIICHHBIC 3HAUEHUS, KaK
MOJIOKUTENbHBIE, TaK W OTpUIATeIbHBIE, B mpenenax oT +l mo -l depe3 nymb. Tak, mis s-
nonypoBHsi (I = 0) BO3MOXHO TONBKO OJHO 3HadeHnme m = 0; mius p-anekTpoHoB (I = 1)
BO3MOXkHbI M = 1, 0,—1; mpu 1 = 2 (d-moaypoBeHb) BO3MOKHBI MSTh PA3TUYHBIX 3HAUEHUH m = 2,
1,0,-1,-2.

CocTosiHUE DJIEKTpOHA B aToOMe, XapaKTepU3YIoIIeecs ONpeAeNEHHbIMU 3HAUCHUSMU
KBAaHTOBBIX YHceld n, |, m, T.e. ompenes€HHBIMH pa3MepaMu, (OpPMOH M OpHEHTAlHed B
IPOCTPAHCTBE JIEKTPOHHOTO 00J1aKa, MOJIyYHIIO Ha3BaHUE aTOMHOM 3JIEKTPOHHOM OpOUTaNIbIO.

DNeKTpOHHBIE M0J000JI0YKM 0003HAYAIOT MO THUIAM COOTBETCTBYIOIIMX MM JIMHUN B
ATOMHBIX CIIEKTpax:

S-TI0A000JI0UKa HAa3BaHAa 110 «PE3KOi» s-TMHUH — sharp;

p-1101000J104Ka Ha3BaHa MO «IJIaBHOM» p-IMHUM — principal;
d-mogo6onouka Ha3BaHa 1o «audPy3noit» d-nmuaun — diffuse;
f-mogo6onouka Ha3BaHa Mo «pyHIaMeHTanbHOIW» f-nuHnn — fundamental.

[TockOBKYy S — COCTOSIHAIO COOTBETCTBYET €IWHCTBEHHOE 3HAYEHHE MarHUTHOTO
KBaHTOBOTO umucia (m=0), To 1r00ble BO3MOXKHBIE PACHONOKEHHUSI S-DJIEKTPOHHOTO O0Jiaka B
MIPOCTPAHCTBE UIACHTUYHBI.
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DneKkTpoHHBIe O0slaka, oTBevaromue p-opoutamsm (I = 1), Moryr xapakTepu3oBaTbCs
TpeMsl pa3lMYHBIMH 3HAYCHUSMH M: B COOTBETCTBHM C 3THM OHHM MOTYT DPAacHOJarathCsl B
IpOCTpaHCTBE TpeMs criocobamu. IIpu 3TOM TpH p-3IEKTPOHHBIX 00JIaka OPHEHTUPOBAHBI BO
B3aUMHO TIEPIECHANKYSIPHBIX HAIpPaBICHHUAX, KOTOPhIE OOBIYHO MPUHUMAIOT 32 HAIPABICHUS

oceit (Px, Pys P2)-

X X

Jns d-opOutaneii (1=2) BO3MOXHO yk€ ISATh 3HAYEHUI MAarHUTHOTO YKCJIa U, COOTBETCTBEHHO,
[STh PA3JINIHBIX OPUCHTAIIUH B TIPOCTPAHCTRBE.
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HccnenoBanuss aTOMHBIX CIIEKTPOB IPUBEIN K BBIBOJY, UYTO, IOMUMO KBAHTOBBIX YUCE]
n, I, m, 3MeKTpoH XapakTepuszyeTcsi eu€ OJHOM KBAaHTOBOW BEIMYMHOW, HE CBSI3aHHOM C
JIBIDKEHUEM DHIIEKTPOHA BOKPYT sifipa, a OINpejessiomell ero coOCTBEHHOE COCTOsIHME. JTa
BEJIMYMHA INIOJIyYHJIA HA3BaHWE CIMHOBOIO KBAaHTOBOIO YHCJIA WM NPOCTO CIWHA: CIUH

0003Ha4aroT OykBOi s. CITUH 3JIEKTPOHA MOKET UMETh TOJIBKO JBa 3HAUYCHUS: +72 U — V5.
UeThipe KBAaHTOBBIX YHCIIAa — N, |, m, S — MOJTHOCTHIO OMPEEISIIOT COCTOSIHHUE YJIEKTPOHA B aTOME.

N

§4. IllpyHOMINIBI 32aNI0THEHUS] AaTOMHBIX OpOUTAJIeH 3JIeKTPOHAMH

YUucno »IEKTPOHOB B aTOME€ XUMHUYECKOTO 3JIEMEHTa OMpENEseTcs 3apsaoM sapa,
KOTOPbIA paBeH MOPSAKOBOMY HOMEpPY 3TOr0o D3JE€MEHTa B MEPUOJUYECKON CcHUCTEME
AN .MenneneeBa. Pacnpenenenue >IE€KTPOHOB B aroMax MOJYUHSETCS TPEM OCHOBHBIM
MPUHIUIIAM.

Ipunyun munumyma 3Hepeuu. DIEKTPOHBI B HEBO3OYKIEHHOM aTOME PaCTIPEIESIOTCS
M0 DHEPreTHUYECKUM YpPOBHSM M TOIYPOBHSM Tak, 4yTOOBI WX CyMMapHas »Heprus Oblna
MUHHUMAaJIbHA. DHEPTHUs AJIEKTPOHA B aTOME B OCHOBHOM OTIPEJIEISIETCS TJIABHBIM U OpOUTATLHBIM
KBAaHTOBBIMHM YHCJIAMH, MO3TOMY CHayajla 3arojHSIOTCS T€ MOAYPOBHHU, NJISi KOTOPBIX CyMMa
(nt+l) sBasercss Haumenblueil (mpaBwio B.M.KneukoBckoro). B coorBerctBUM € 3THM B
MHOT02JIEKTPOHHOM aTOMe HaOII01aeTCsl CIEAYIOMIas MOCIeI0BATENbHOCTD: 1s < 2s < 2p < 3s <
3p <4s <3d <4p <55 <4d <5p <6s <4f=5d <6p <7Ts <5f=6d< 6p Oty
II0CJIEI0BATEIBHOCTh MOKHO MPEICTaBUTh B KpaTkoi dopMe: Ens<E (- 1)d = En-2)r< Enp



Ipunyun Ilaynu. B atome He MOXeET OBITh JBYX 3JIEKTPOHOB C OJMHAKOBBIM HAOOpOM
BCEX YETBIPEX KBAHTOBBIX YHCEIL.

Ilpasuno I'ynoa. B HEBO30YXKIEHHBIX aroMax »JJICKTPOHBI B TIpeaeliax JaHHOTO
HOJYPOBHS 3aHMMAalOT MAaKCHMaJIbHOE YMCJIO CBOOOAHBIX OpOMTaneil, mpu 3TOM CyMMAapHbIH
CIIMH MaKCUMaJIEH.

§5. OcHOBHbBIE XaAPaKTEePUCTUKH AaTOMOB 3JIEMEHTOB

Pamuyc atoma. Pazmep aroma He MOXET OBITh ONpPENCIEH TOYHO, T.K. AJICKTPOHHBIC
OpOHTaNIM aTOMOB HE MMEIOT CTPOI'O OIpaHUYEHHBIX KOHTYpOB. ClieZ0oBaTeNbHO, PeYb MOMKET
UATH He 00 aOCONIFOTHBIX pa3Mepax aTOMOB, a TOJBKO O pa3Mepax 3THUX YacTHUIl B KPUCTAILIAX U
MOJIEKyJIax, T.e. 00 d3(GdeKTuBHbIX paguycax (Tar). OGOEKTUBHBIE pPaIUYyChl aTOMOB
MEPUOANYECKH U3MEHSIIOTCS B 3aBHCHMOCTH OT 3aps/ia UX siipa M 4ucia 3JeKTPOHOB. B mepuoe
C BO3pacTaHUEM 3apsjia sijipa aTOMHBIC PAIMyChl YMEHBINAIOTCS BCICICTBUEC YBEIUYCHUS CHII
B3aMMOJICHCTBYS DJIEKTPOHOB U SJIPOM. B rpyrmmax aToMHbIE paguyChl SJIEMEHTOB, KaK MPaBUIIO.
BospacraroT cBepXy BHH3, T.K. YBEIHUYUBACTCS YUCIIO AIEKTPOHHBIX CIIOEB B aTOMax JJIEMEHTOB
(Tabmuma 1).

Tabmauua 1
ATOMHBIE paInyChl HEKOTOPBIX ATOMOB, ITM
['pymrbl 3eMeHTOB
ITepuonst
| 11 111 v Vv VI VII VIII
1 H He
48 122
) Li Be B C N 0] F Ne
155 113 91 77 71 66 64 160
3 Na Mg Al Si P S Cl Ar
189 160 143 134 130 100 95 192
Fe
126
4 K Ca Sc Ti Vv Cr Mn Co
236 197 164 146 134 127 130 125
Ni
124
Cu 7n Ga Ge As Se Br Kr
5 128 139 139 139 148 160 - 198
Rb Sr
248 215

OpOuTanbHBI paguyc HECBA3aHHOTO aToMa PAaCCUYUTHIBACTCS KBAHTOBO-XMMHUYECKHMU
METO/IaMH KaK pacCcTOsIHUE OT €ro sApa 10 MaKCUMyMa 3JeKTPOHHOM MIIOTHOCTH, OTHOCSILEr0Cs
K [TOCJIETHEH 3aHATON 3JIEKTPOHHOM OpOUTaIH.

B rpymnmax s OJHOTHUIHBIX 3JIEMEHTOB INPH JIBMKEHUU CBEPXY BHH3 HaOItogaeTcs
3aKOHOMEPHBIH pOCT OPOUTANBHBIX PAMNYCOB, YTO CBSA3aHO C YBEIWYCHUEM YHCIIA AIEKTPOHHBIX
obonouek. B mepuomax mnpu IBMKEHUHM CJE€Ba HAMpPaBO IPOCIEKHUBAETCS, KaK IPaBHIIO,
yMEHbIIIEHHEe OPOUTATIbHBIX palycoB (Tabnuua 2).

Tabmumna 2
OpOuTanbHbIE paJnyChl HEKOTOPBIX aTOMOB, ITM

['pynnel 2n1€MEHTOB

[Tepuobt
I II I v A% VI VI VIII



1 53 29
) Li Be B C N 0] F Ne
159 104 78 60 49 41 39 35
3 Na Mg Al Si P S Cl Ar
171 128 131 107 92 81 73 66
Fe
123
4 K Ca Sc Ti AV Cr Mn Co
216 169 157 148 140 145 128 118
Ni
114
Cu /n Ga Ge As Se Br
5 119 107 125 109 99 91 84
Rb Sr
229 184

OTKJIOHEHHE OT TaKoro 3aKOHOMEPHOTO YMEHbBIICHHS OpOMTaJIbHBIX pPaJUyCOB
HaOroaeTcs, Hampumep, mpu nepexoxe or Mg k Al u oOBsiCHseTCS TeM, YTO TOCICAHHUN
2JeKTpoH B arome Al yxe 3aHumaer 3p-opOuUTanb, a 3TO CIOCOOCTBYET YBEJIWYECHUIO
OpOUTaNBHOIO pafuyca. AHAJIOTMYHOE BO3PACTaHHE OPOMTAIBHOIO paguyca aToMa IO TOH ke
IIPUYMHE MTPOUCXOJUT U IpH nepexone oT Zn k Ga. IIpuBoaumble HUXKE pannyChl CBSI3aHHBIX
aToOMOB (aTOMHI)IG, MCTaJIJH/I‘-IeCKI/IC) HaﬁILGHBI nmyréM JCJICHUA II0IIoJIaM Kp&T‘-IZlﬁHIPIX
MEXAaTOMHBIX  PacCTOSHUH B  KPUCTAUIMYECKUX  CTPYKTYpax IMpPOCTBIX  BEIIECTB C
KOOpAMHAIMOHHBIM uyuciaoM 12. Ilpu apyrux 3HaueHUsX KOOpAMHAIIMOHHBIE YHCIA B
COOTBETCTBYIOILIME JaHHbIE BHECEHbl HEOOXOAMMBbIE MompaBku. OOpaTUM BHUMAaHUE, YTO B
KpHUCTaJUIe paJuyC aToMa TelHus HAMHOTro OOJblIe AaHaJOTMYHOIO JUIi aToMa BOAOPOJA.
OOBACHUTH 3TO MOYKHO, €CIM NPUHATH BO BHUMAaHME 3alpeT Ha IEPEeKpbIBAHUE ATOMHBIX
opOuTanei 11 aTOMOB T'elHs U OTCYTCTBUE TaKOIO 3alpeTa Uil aToMoB Bojgopoja. Ha pucynke
5.1 comocTtaBieHbl OpOUTATILHBIE M AaTOMHBIE PAJIyChl aTOMOB, IIPUBEACHHBIE B Tabnmuuax 1 u 2.

Pucynok 5.1

I'paduueckoe cpaBHeHNE OpPOUTATIBHBIX (ITYHKTHP) U aTOMHBIX (TOUYKH) PadyCcOB aTOMOB
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Japan aapa atoma

DOHeprusi moHuzanuu. E, — 3TO »sHeprus OTphIBa AJIEKTPOHA OT aToMa JJIEMEHTa C
obpasoBaHmeM KaThoHa: D — & — D' (kJIx/Monms). B mepuone HambGompmyio E, uMeoT
aneMeHThl [A rpymnmbl (IIeTOYHBIE METauibl), T.K. B aroMax 3THX 3JEMEHTOB Ha BHEUIHEM
SHEPreTUYECKOM YPOBHE HAaXOAUTCH | 3JEKTPOH, KOTOPBIM 3HAUYMTENBbHO YyIAlIEH OT fAJpa.
[ToaToMy XapakTepHOM OCOOEHHOCTHIO IIEOYHBIX METAJJIOB SIBJISETCS CKIOHHOCTb K OT/aye
JJIEKTPOHOB (METAUIMYECKHE CBOMCTBa). B mpegenax kaxaoil rpynmbl A SHEPrusi HOHU3ALUU
YMEHBIIAETCSl CBEPXY BHU3, YTO CBUJICTEILCTBYET O OOJIbIIIEM B3aUMOJICH CTBUU MEXIY SIAPOM U
anekTpoHamu. B rpymnmax b (d-anementsi), 3a wuckmouenuem IIIb, u3Menenue sHepruu
MOHU3AIMKA HOCUT OOpATHBIN XapaKTep — OHA YBEJIMUYUBACTCS CBEPXY BHU3.

PaznuuaroT mepByro, BTOpYyIO, TPETbIO M T. 1. SHEpPruM MoHuzauuu aroma. IlepBas
JHEPrusi MOHU3AIUM — OTO MHUHHMAJIbHAs SHEPrHs, HeoOXomumas il YIAJICHHS IEePBOTO
AJIEKTPOHA M3 OCHOBHOT'O COCTOSIHUSI aToMa. Bropasi 3Heprusi MOHM3alUM — MUHUMAJIbHAA
SHEPTusi, HEoOXoaumasl JJIsd YJAJICHHS BTOPOTO OJJICKTPOHA M3 OCHOBHOTO COCTOSIHUS
OJIHO3apPSIIHOTO KaTHOHA. AHAJOTUYHO ONPENEISIOTCS TPeThl U MOCJHeAYyIIHe JHepPruu
uoHu3zanum aroma. O4eBUIHO, YTO IS yJAJICHHUS BTOPOTO 3JIEKTPOHA HEOOXOIUMO 3aTpaTUTh
OoJbIlIe PHEPTUU, YeM AJIs yAaJeHHs MEePBOTO IIEKTPOHA. DTOT (PakT OOBSICHSIETCS T€M, 4TO
BTOPOU 3JIEKTPOH MPHUXOAUTCS yAAIATH YXKE U3 OJHO3apsIHOTO KaTHoHa. PaccMoTpuM mepBbie
SHEPrUM MOHU3ALMM ISl HEKOTOPBIX 3JIEMEHTOB Mepuoanuecko cucremsl [[.M.Menneneena
(Tabmuna 3).

Tabnuya 3
[IepBbie P HEPrUM MOHU3ALUN HEKOTOPBIX aTOMOB, MJ>k/MOIb

I'pynnel 2nemMeHTOB
[Tepuoast

I II III IV Vv VI Vil VIII
1 H He

1,31 2,37
) Li Be B C N O F Ne

0,52 0,90 0,80 1,09 1,40 1,31 1,68 2,08
3 Na Mg Al Si P S Cl Ar

0,49 0,74 0,58 0,79 1,01 1,00 1,25 1,52



Fe

0,76
4 K Ca Sc Ti A% Cr Mn Co
0,42 0,59 0,63 0,66 0,65 0,65 0,72 0,76
Ni
0,74
Cu Zn Ga Ge As Se Br Kr
5 0,74 0,91 0,58 0,76 0,94 0,94 1,14 1,35
Rb Sr
0,40 0,55

AHanu3 mepBbIX PHEPrUil MOHU3AIMU aTOMOB IIOKA3bIBAET, YTO B IIEJIOM HaOIOAaeTcs
3aKOHOMEPHOCTH POCTA 3THX BEJIMYMH B IEPUOTUUECKON TabJHIIe IPU ABMKCHUH CJIEBA HAIIPABO
u cHU3y BBepX. MMerorcs u o0ObsicHUMBIE UCKITIOYeHHs. Hanpumep, sHeprus HOHU3alKUK aToMa
Be (0,90) Beimie ananorunuHoit xapakrepuctuku aroma B (0,80). DToT (akT Jierko oOBsCHUTH,
€CJIM TPUHATH BO BHUMAHUE, UYTO TPETUH AJIEKTPOH BO BTOPOM 3JIEKTPOHHOM clioe aTtoMa B
MoMeIIaeTcsl yke Ha 2p-opOutanb. 31€Ch CKa3blBA€TCSd B3aUMHOE OTTAJIKHMBAHHE 3TOTO
9JIEKTPOHA U HAXOASIIUXCS B MPEIBIIYIIEM 3JIEKTPOHHOM IMOACTOe. AHAIIOTUYHOE UCKIIOYEHHE
Habromaercs u mpu nepexonae or Mg k Al. Ha pucynke 5.2 rpaduuecku npecTaBieHbl TIEpBbIe
SHEPrUuU MOHU3ALMK aTOMOB MEPBHIX 36 31eMEeHTOB Nepuoanyeckoil cucremsl JI.11.Menneneena.



Pucynok 5.2
I'padmaeckoe nmpencTaBaeHne MEPBHIX SHEPTUH HOHU3ALUH aTOMOB OT BOOPO/A 110
KPHUITOHA
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Japan agpa aToma

OHeprust CpojaCTBa K IMEKTPOHY. B, — 3TO 2Heprus NpUCOEAMHEHMs 3JIEKTPOHA K

AIIEKTPOHEHTPATILHOMY aTOMY 3JIEMEHTa ¢ 00pa30oBaHHUEM aHHOHA!
D +¢&— D (kx/Momb).

Omna Bo3pacTaer y 3JIeMEHTOB B IIpeJieNiax Meproa CIeBa HApaBo, JOCTUrasi MAKCUMyMa
y TaJOreHoB. Y 3JIEMEHTOB Ipymnmbl A CBEpXy BHU3 HAONIOAAETCS yMEHBIIEHUE JHEPTUU
CpPOJICTBA BCIIE/ICTBUE CYIIECTBEHHOTO YBEJIIMUCHUS pajmyca. Y 3J1eMeHTOB rpymnibl b Hao6apor.

[Ipn ananu3e AaHHBIX B TaOMUIBI 4 MOXHO 3aMETHTh KaK MOJOXXUTENbHBIE, TaK W
OTpUIIATEIILHBIC 3HAUCHUS CPOJICTBA aTOMOB K 3JIeKTpOHY. OTpHIIaTeIbHBIC 3HAYCHHS CPOJICTBA
MOKA3bIBAIOT, YTO JJISl MPUCOEINHEHUS €IIe OJHOTO AIIEKTPOHA K aTOMY SHEPTUI0 HEOOXOAUMO
3aTpaTHTh.

Tabnuya 4
CpoJicTBO aTOMOB K 3JIEKTPOHY, K/[/MOIb
I'pynnel anemMeHTOB
[Tepuoast
I II 11 v A% VI VII VIII
1 H He
73 <0
5 Li Be B C N O F Ne
16 <0 27 122 <0 141 328 <0
3 Na Mg Al Si P S Cl Ar
53 <0 43 134 72 200 328 <0
Fe
. 16
4 K Ca Sc Ti v Cr Mn Co
48 <0 18 8 51 64 <0 64

Ni



112

Cu /n Ga Ge As Se Br Kr
5 119 <0 30 107 78 195 325 <0

Rb Sr

47 <0

OtHocuTenbHas AMeKTpooTpunarelbHoCcTh (0D0). DTo BenMYMHA, XapaKTEePU3YIOIIas
OTHOCUTEIIEHYIO CIIOCOOHOCTh aToMa 3JIEMEHTa MPUTITUBATh K cebe oOIIue JJIeKTPOHBI B
MoJiekye. Mcrnonb3yloT pa3inyHble KOJTUYECTBEHHBIE OLIEHKH 3JIEKTPOOTPULIATEIIBHOCTH aTOMa,
HarlpuMep IMOJIYyCYMMY €ro CpOJACTBa K OJJIGKTPOHY W TMOTEHLHANAa HOHU3AIUH (METOJ
Makena) (tabauna 5).

_ E, +Aﬁ6

2

Y.0
Tabauya 5.

OTHOCHUTEIBHEIE SJICKTPOOTPULATCIIbHOCTH aTOMOB B BUJC IMOJIYCYMMbI CPOACTBA K JJICKTPOHY U
IIOTCHIMAaJ1a HOHHU3alluK

prrIHLI 3JICMCHTOB

ITepuon
| II 111 v Vv VI VII VIII
1 H He
2,1
) Li Be B C N O F Ne
0,97 1,47 12,01 (2,50 [3,07 (3,50 4,10
3 Na Mg Al Si P S Cl Ar
1,01 1,23 1,47 1,47 21 2,6 2,83
Fe
1,64
4 K Ca Sc Ti Vv Cr Mn Co
0,91 1,04 | 1,20 1,32 1,45 1,56 1,60 1,70
Ni
1,75
Cu /n Ga Ge As Se Br Kr
5 1,75 1,66 1,82 12,02 1220 248 2,74
Rb Sr
0,89 10,99

CymecTByloT M Jpyrue NOAXOAbl K OIPEACICHHUIO 3JIEKTPOOTPULIATETbHOCTH. Tak,
nepBoil 1 Hanbosee u3BecTHOU siBnsieTcs mkana JI.ITomunra, moydeHHast U3 TEPMOXUMUYECKHUX
JAHHBIX U npeioxeHHas B 1932 r. 3a Hauano orcuera B 3TOM HIKaje MPOU3BOJBHO MPUHSTA
BEITMYMHA DJIEKTPOOTPUIIATETLHOCTH HanOOJIee dIIEKTPOOTPUIIaTeTLHOTO dieMenTa (propa, %(F)
=4,0 (Tabnwuma 6).

Tabnmia 6.
DIEKTPOOTPUIIATEILHOCTH aTOMOB B CTAOMIIBHBIX CTETICHSIX OKUCIeHus 1o [lonuHry

I'pynnel 2n1€MeHTOB
ITepuon
I II ar v v vl |VII | VIII

1 H He



2,1
Li |Be |B C N O F Ne

2 1,0 1,5 20 (25 /3,0 (3,5 |40
3 Na Mg (Al |Si P S Cl Ar
09 1,2 |1,5 /1,8 2,1 |2,5 3,0
Fe
1,8
4 K Ca |S¢ |T1 |V Cr Mn Co
08 1,0 (1,3 |15 |16 |16 |15 1,8
Ni
1,8
Cu |Zn Ga 'Ge |As |Se |Br Kr
5 19 |1,6 [1,6 1,8 2,0 (24 |28
Rb |Sr
0,8 1,0

DNEeKTpOOTPULIATEIbHOCTh  3JIEMEHTOB  IEPUOJMYECKOM CHCTEMBI, KakK IpaBuIo,
[OCJIEZI0BATEIbHO BO3PACTAET CJIEBA HANPABO B KAXJIOM Iepuoje. B npeaenax xaxaol rpynmsl,
32 HECKOJIbKUMH HCKIIIOUEHUSMU, JIEKTPOOTPUIIATENILHOCTD MOCIE0BATEIbHO YOBIBACT CBEPXY
BHM3. C MOMOIIBIO AIEKTPOOTPHUIATEIIBHOCTEH MOXXHO OXapaKTepU30BaTh XUMUUYECKYIO CBS3b.
Yem Oouibllie pa3HUIA AIIEKTPOOTPULIATEIHHOCTEH aTOMOB, 00pa3yOIIUX XUMHYECKYIO CBS3b,
TeM OOJIbIlie CTENeHh MOHHOCTH 3TOM CBsi3H. CBSI3M MPHU Pa3HOCTHU AJIEKTPOOTPHUIATEIIBHOCTEN
aToMOB Oompiie 2,1 MOTryT CUMTaThCAd YUCTO HOHHBIMU (IO JAaHHBIM JPYTMX HAyYHBIX
UCTOYHHUKOB, 50%-i HMOHHOCTH CBSI3U COOTBETCTBYET PA3HOCTh AJICKTPOOTPHUIIATEIIBHOCTEN
aToMoB, paBHas 1,7). Cea3u c meHbuiell pasHOCMbIO 31EKMPOOMPUYAMETLHOCHEU aAMOMO8
omuocam K NOJAPHbIM KOBANEHMHbIM CBA3AM. Yem  menvwe  pasHocmo
NeKMPOOMPUYAMENbHOCMEU AMOMO8, 00PA3VIOUUX XUMUYECKYIO C853b, MeM MeHblle CmeneHb
uonHocmu smou ceazu. Hyneeas pasnocme snexmpoompuyamenbHocmel amomos8 yKa3vleaem
Ha omcymcmeue UOHHO20 Xapakmepa y 00pa308aHHOU UMU C843U, M. e. Ha ee cy2yoyro
KOBANEHMHOCMb. DIEKTPOOTPULIATEIBHOCTh aTOMa, MO-BUIMMOMY, 3aBUCUT M OT CTEHEHH €ro
OKHCIICHUS.

+2 +3 +6
Taxk, nns Tpex okcunos xpoma: Cr ~O, Cr,”O;, Cr "O, — nabmonaercs H3MEHEHHE HX

xapakrepa ot ocHoBHOTO (CrO) uepes amdoTtepusiii (Cr,03) o kucnotHoro (CrOs). OauH U TOT
xe 31eMeHT — xpoM — B CrO Bezer cebst kak TUNMYHBINA MeTaml, B Cr,O3; — kak aM(poTepHbIi
metama, a B CrO; — kak TunuuHbld Hemetayul. [lpu cocraBieHHMM XUMHUYECKUX (OpMYI
COEJMHEHUH CleqyeT YYUTHIBATh, YTO 00Jiee FNIEKTPOOTPHUIATEIBbHBIE HJIEMEHTHl OMEIIAITCs
npasee, Hanpumep, H,S, OF,, SiBr,F,.

§6. Xumnueckasi CBSI3b

XumMuyeckasi CBA3b — 3TO B3aWMOJICMCTBHUE, KOTOPOE CBA3BIBAECT OTAEIBHBIE aTOMBI B
MOJIEKYJIbI, HOHBI, PaJUKaJIbl, KPUCTAJLIBI.
OCHOBHBIM yCIIOBHEM OOpa30BaHUSI XUMHYECKON CBSI3H SIBISETCS TOHIKEHHE OOIICH
sHepruu E MHOroaToMHOM CUCTEMBI 110 CPABHEHHUIO C YHEPTUEN U30JUPOBAHHBIX aTOMOB, T.€.
A+B— AB
aToOM aTOM MOJIEKYyJa
Esag <EA +E3g
PaznuuaroT 3 THa XUMUYECKOM CBSI3U: KOBAJIEHTHAs, MOHHAS M METAJNTNYECKas.



CoenMHEHNs C METATMYECKOH CBSA3bI0O UMEIOT JIBa BaKHBIX OTIMYHUS OT MOHHO-KOBAJICHTHBIX
COEIMHEHUI: BBICOKAsS 3JIEKTPO— U TEIUIONPOBOIHOCTD, METAJUIBI — KPUCTAUINYECKUE BEIIECTBA
(MCKJIIOUEHUE — PTYTh).

Mesicmonexynsapuvie césa3u (B3aUMOJICHCTBUS) HOCAT KaK d3JIEKTPOCTATHYECKUH, TaKk M
JIOHOPHO-aKIENTOPHBIA XapakTep (opOuTanbHOE CBs3bIBaHUE). Cpeau MEeXMOJIEKYISIPHBIX
B3aMMOJICHCTBUII MOXKHO BBIIEIUTH Ounob-ounoivhoe. OUeBUIHO, YTO JBa AUINONS OYyAyT
OpPUEHTUPOBATHCS OTHOCUTEIBHO JIPYT Apyra MPOTHUBOIOI0KHBIMU MOIIOCAMH (PUCYHOK 5.3).

Pucynok 5.3
Cxema uIosb-aunoabHOr0 B3aUMOAEHCTBUSA

+ —.|+ —

HauGonee sApkuM HpuUMEpOM  JUIOJb-IUIOIBHOIO  B3aUMOAEHUCTBHS  sBISETCA
BojlopoaHas cBsizk: H,O...H-O-H.

Jlpyroil THUI MEXMOJIEKYISIPHOTO B3aUMOJEUCTBUSA — uHOYKyuoHHoe. J[1000i AUMOIb,
0€3yCIIOBHO, OKa3bIBA€T AJIEKTPOCTATUYECKOE BO3JECHCTBHME HAa PSAOM  HaXOAsIUEcs
HETOJISIPHBIE MOJIEKYJIbI, BBI3bIBAsl UX MOJSPU3ALUIO (PUCYHOK 5.4).

Pucynok 5.4
Cxema MHIYKIMOHHOTO B3aUMOJECHCTBHS

+ - —> (+ -+ -

HaHpHMep, HCIIOJIsIpHAd MOJICKYJIa 6p0Ma, noaxonasa K ?T—06J1a1<y MOJICKYJIbI 3THUJICHA,
MNOJIIPU3YyCTCA TaK, YTO AaTaKyloIlMM LOCHTPOM OKa3bIBACTCA aTOM 6p0Ma C YaCTH4YHO
IMOJIOKHUTCIIbHBIM 3apsJ0M Ha HCM. OO0 sToM CBUACTCIILCTBYCT o6pa30BaHHe MMPOMEKKYTOUHOI'O

OpOMOHHNEBOT0 KaTHOHA!
CH, CH,.
Br
B0o3MOXHO MEXMONEKYISIpHOE B3aWMOJACUCTBUE W MEXAY COBEPIICHHO HEMOJSPHBIMU
MOJIEKYyJTaMH. MBI IPUBBIKJIA PacCMAaTPUBAThH JIEKTPOHHYIO TUIOTHOCTh KaK HEUTO HEM3MEHHOE
BO BpemeHH. OJHAKO DSIEKTPOHHAs IUIOTHOCTh, Kak M aTMocdepa 3emiH, MOJBEp>KeHa
konebanusM  (guykryanusm). CmelieHue JJIEKTPOHHOW TUIOTHOCTH y  OJHOTO aTroma
(oOpa3oBaHHE MTHOBEHHOT'O IUIMOJSI) BBI30BET COOTBETCTBYIOLIEE CMEIIEHHE M Yy JPYroro
(pucyHok 5.5).
Pucynok 5.5
Cxema JHCTIepCHOHHOTO B3aMMOICHCTBHS

—> —s (+ -+ -

CnenctBueM TMOAOOHBIX CIBUIOB DJIEKTPOHHOM IUJIOTHOCTH SIBISIETCS B3aMMHOE
NOpUTSDKEHUE aToMOB. JlaHHOE B3aMMOJAEWUCTBUE HA3BIBACTCA OUCNEPCUOHHLIM W TIO3BOJSET
OOBSICHUTh BO3MOXKHOCTH CYIIIECTBOBAHHS KOHJEHCHPOBAHHBIX (a3 (PKUIAKOHW W TBEPIOH) s
COBEPILEHHO HEMOJSPHBIX aTOMOB M MOJIEKYJ, Hampumep ais renus. Bce BblieckasaHHoe,
Kacaromnieecsi TUIOB XUMHUYECKOM CBSI3HM, HAIVISIIHO MOKHO NPEJICTaBUTh B BUJIE CIEIYHOLIEH
CXEMBI (PUCYHOK 6).






Pucynok 5.6
Cxema knaccuduKaii XUMHYECKUX CBSI3EH

XMMHUYBCKAA CBA3b

l
v v

NpHBOOALLAR
" a%paaﬂéaahnm MEMMONEKYNAPHAR
HMOLEHCTEH

HOBbIX BELLECTE (esaumoneiicTaue)
KopanewTHan: HouHan ,ﬂ,HHGﬂh-AHﬂOHhHDE
a) npocTan;
6) poHopHO- HugykumorHoe
AKLENTODHAA, MeTannuuyeckas
B) gatveHan Aucnepcronroe

§7. CBoiicTBa XUMH4YECKOH CBA3H

1.DHeprust cBA3M. JTO Ta SHEPruUsi, KOTOpas HeoOXoaumast i e€ pa3pbiBa; OHA Bcerja OoJblie
HyJId. ODHEprus pa3pblBa paBHA IO BEJIMYMHE, HO IMPOTHUBOIOJOXKHA [0 3HAKYy OJHEPrUu
oOpa3oBanus. Haunbonee mpounas cBsizb B Mojekynax N, (945,3 k/x/mons) u CO (107,0
k/[x/mMomp). Camast cnabast cBsi3b Mex Ty aromamu a3ota B N,O3 (40,6 k[x/MoIb).
DKCIepUMEHTAIBHO 3HEPIHs pa3pblBa ONpeaesnsercs 1no 3akony ['ecca.

2. JlnuHa cBsi3M. DTO PaACcCCTOSIHUE MEXIY SApaMH aTOMOB, COEAMHEHHBIX CBs3bI0. EE€ MOXHO
AKCIIEPUMEHTAIBHO H3MEPUTh C TMOMOIIBI0 PEHTICHOCTPYKTYpHOTro MeTrona. OOBIYHO JUIMHA
KoBaJieHTHOM cBsizu  coctaBisger 0,1 — 0,2am. Camas KOpOTKas CBsI3b B MOJIEKYJIe
nerrepoosopona HD (0,074um). Pekopa B niuHe CBsI3M NMpUHAUICKAT aTomam renus He...He
— 6,2HM.

3.KpaTtHocTh (HMOpSAOK) CBSI3U. B pa3snuyHBIX TEOPUSAX CTPOCHUS XHMMHUECKOHN CBSI3U KPAaTHOCTh
OTIPENIETISIOT Mo-pazHoMy. B Teopum snekTpoHHbIX map JIbionca MOpsIOK CBSI3M — 3TO YHUCIIO
AIIEKTPOHHBIX Map, OCYIIECTBISIONIMX XUMHYECKYIO0 CBA3b. [lOpsiiok MokeT OBbITh LIETbIM U
JPOOHBIM.

Tak nopsigok cBa3u B O, paBeH 2, B MOJIEKYJIIpHOM noHe O, = 2,5, a B HOHE 0, = 1,5. Uem
BBIIIIE KPATHOCTh CBSI3HM, TEM OOJIBIIIEE YUCIIO AJIECKTPOHOB O00ECIEUMBAET CBS3b, U TEM TPYIHEE
e€ pasopBarb. Tak, SDHEprus TPOUHOU CBA3U

HC = CH 962 x/Ix/mons, noinoi cBsizu H,C = CH, 712k ]Ix/mone u onunapuoit H;C — CHj
369k/Ix/Moub. YeM BblIIIe KPAaTHOCTh, TEM KOPOYE CBSA3b.

4 IlonspHocTh cBsi3u. OHa MOKa3bIBAET, HACKOJBKO JIEKTPOHHAS IJIOTHOCTh CMEIIIEHA K OJHOMY
u3 aroMoB. CriocoOHOCTh aTomMa cMelaTh K cede ANMEKTPOHHYIO MIOTHOCTh XUMUYECKOW CBSI3U
Ha3bIBAETCS AJIEKTPOOTPULIATENBHOCTI0. CaMble 3JIEKTPOOTPULIATEIbHBIE JIIEMEHTBI — aKTUBHBIE
Hemetawibl: F, O, N, Cl; cambie 3JeKTpONOJIOKHUTEIbHBIC — IICIIOYHbIE MeTauibl. YeM Oouibiie
pPa3HOCTh NIEKTPOOTPUIIATETHPHOCTEH aTOMOB, YYaCTBYIOIIMX B XUMHYECKOW CBsI3U, TeM Oolee
nojsipHa cBsA3b. [IpenenbHBIN ciaydail MONSPHON CBSI3M — HMOHHAA. KOIMYECTBEHHO BeJIMYMHA
MOJIIPHOCTH  OTIPENETSACTCS  OunonvHuiM Momenmom (L), KOTOPBIA paBeH MPOU3BEICHUIO
5 (GeKTHBHOTO 3aps/a Ha pacCTOsIHKUE MeXTy atomamu. L= ( -|. Enuruna nsmepenns — nebait
[D = 3.3-10°Ku-m]. Yem Goblie QUITONBHBIT MOMEHT, TeM Goliee MOJISIPHA MOJIEKYJIA.

HCl HBr HI
p, D 3.24 2.87 1.14



I[PIHOJIBHBIP'I MOMCHT YMCHBIIACTCA, T.K. YMCHBIIACTCA pa3HULlA BHGKTpOOTpI/IHaTeHLHOCTeﬁ
MEXy aTOMaMH.

I[HHOHBHBIfI MOMCHT MOJICKYJIBI PaBCH BeKTopHOﬁ CYMMC JUIIOJIBHBIX MOMCHTOB €€
XMMHUYECKHX CBsI3€i (C ydeToM HaluuMsl HENOJEJCHHBIX Map 3J1eKTpoHOoB). Ecnu mossipHble
CBs3U PACIIOJIOKCHBI B MOJICKYJIC CUMMCTPUYHO, TO HOJOXHUTCIBHBIC U OTPULATCIIBHBIC 3aps/Ibl
KOMIIEHCUPYIOT JApYr JApyra, U MOJIEKYyJa B LEJIOM sIBJI€TCs HemosisspHoM. Tak mpoucxonur,
HanpuMep, C MOJIEKYJOH JHOKcuaa yriepoja. MHOroaTOMHbBIE MOJIEKYJIBI C HECUMMETPHUYHBIM
pAacIIOIOKEHUEM MOJISPHBIX CBsI3eH (M, CIIEI0BATEIbHO, IEKTPOHHON IJIOTHOCTH) SIBJISIOTCS B
LCJIOM IMOJIAPHBIMHU. 9T0 OTHOCHUTCA, B HACTHOCTH, K MOJICKYJIC BOBI.

Ha pesynpTupymomee 3Haue€HUE IUIOJIBHOIO MOMEHTA MOJEKYJIbl MOXET IOBIIUATh
HEIOJCIICHHAs. Iapa 3JeKTpoHoB. Tak, Monekyiasl NH; m NF3; umeror terpasnpuyeckyro
| reOMEeTpHI0 (C Y4YETOM HEIOJEIEHHON

H'H napbl 3JIEKTpoHOB). CTEneHW HOHHOCTHU

| T“ T" CBsI3el  a30T—BOJOPOA U  a30T—(Top
cocraBigior 15 u 19%, COOTBETCTBEHHO,

2p “ H H ux mmHel — 101 w137 10w,

cooTBeTcTBeHHO. Mcxoms w3  3TOrO,
MOXHO OBUIO OBl cHejgarb BBIBOI O
OonbplIieM aHUIOJbHOM MoMmeHTe NFj.
OnHako AKCIIEPUMEHT [TOKA3bLIBAET
obpatHoe. [Ipu Oosee TOYHOM
MpPEACKa3aHUM  JIUIOJBLHOTO  MOMEHTa
CJIeTyeT YUUTHIBATh HAIIPABJICHHUE JUIOJIHLHOTO MOMEHTA HEIOICIICHHOMN TTaphl.

5.¥Yro1a cBsi3u. DTO yroi Mexay BOOOpakaeMbIMU IPSIMBIMU, COSAMHSIFOIIIMMHU [IEHTPHI aTOMOB.

O

H 1057 H

§8. KoBasnienTHas cBsI3b

B 1927 rony yuénsie I'elitnep u JIonnoH, paccmaTpuBas MOJEKYJy BOIOPOAA CIEnaln
BBIBOJl O TOM, 4YTO CBsi3b oOOpa3yercs TOJbKO B TOM CJyyae, €CIM CIHHBI 3JIEKTPOHOB
pasHOHamnpaBieHbl. A CBs3b, OOpa3oBaHHas 3a CYET OOIIEH MHapbl 3JIEKTPOHOB, IMOJIYy4HIIaA
HA3BAHUE KOBANEHMHOU.

CymecTByeT 2 METOZ]a ONTUCAHUS CBSI3H:
1. MBC — meToJ BaJIeHTHBIX CBsI3€H, NPEAJIOKEH aMEpUKaHCKUMH yu€HbIMH CrielTepoM u

[TonmunaTOM;

2. MMO — metoa MoneKyaspHbIX opOuTanei (Maninken).

OcHosuble noJsioxennss MBC:

1. CBs3b BO3HHKAET MEXIy ABYMS aTOMaMH MpU OOOOIIECTBIECHUH IBYX SJEKTPOHOB C
pasHBIMH CIWUHAMH WM OJWH W3 aTOMOB IIPEIOCTABIIACT Iapy JJIEKTPOHOB C
MPOTUBOMOJIOKHBIMUA CITUHAMM, a APYTOil — CBOOOAHYIO OpOUTAITE.

Al+Bt—=A|"Bum At|+ OB — A|1B.

2. CBs3b BO3HUKAET B TOM HAIpPaBICHUU, B KOTOPOM MEPEKPHIBAHUE DIIEKTPOHHBIX 00JIAKOB
MaKCHMaJIbHO.

3. W3 nByx opburaneit atoma Hanboliee MPOUYHYIO CBsI3b 00pa3yeT Ta opOutanb, KOTopas
CUJIbHEE TIEPEKPBIBACTCSI OPOUTAIIBIO IPYTOro aroma.

§9. CeoiicTBa koBasieHTHOI cBs3u B cBeTe MBC



1.HacpimmaemocTh 00yClIOBI€HA TE€M, YTO B OOpa30BaHWUU CBSI3M NMPUHUMAET Y4acTHE TOJIBKO
ONpeAeNEHHOE KOJIMYECTBO JIIEKTPOHOB, Kak MPAaBUJIO, E€AUHUYHBIX. YHCIO BO3MOMXHBIX
KOBQJICHTHBIX CBSA3€H 3aBUCUT OT YHUCJIA HECMAPEHHBIX JJIEKTPOHOB HA BHEIIHEM
OHEPreTHUECKOM IMOAYPOBHE y aToMa B BO30YKJIEHHOM U HEBO30YXIEHHOM COCTOSHUSX U OT
yucia CBOOOAHBIX aTOMHBIX OpOUTAICH Ha BHEITHUX YPOBHSIX.

PaznuuaroT HACHIIEHHBIE W HEHACBILIEHHBIE MOJICKYJbl. EcCiiM CpaBHUM CBOMCTBa
MOJIEKYJl aMMHUaKa U MOHOOKCHJIa a30Ta, TO 3aMETHUM, YTO MOHOOKCH]I a30T BBICOKO XMMHYECKU
AKTHBEH BCJICACTBUE HAIMYMS B MOJIEKYJIE CBOOOHOTO AJIEKTPOHA.

N 1s%2s%2p’ 0 1s*28%2p* 'H 15!

NH; H: YCTOHYMBAs MOJIEKYJIA.

NO N=0 neycroiiunBas MOJIEKYIIa, T.K. HEHACHIIICHA.
2.HampaBieHHOCTh — CBOMCTBO KOBAJICHTHOM CBSI3W pacrojaraTtbCs TaKUM 00pa3oM, 4TOObI
00ecreunTh MaKCUMaJIbHOE TEPEKphIBAaHUE JJICKTPOHHBIX 00nakoB. Paznuyator 3 Buaa
KOBAJICHTHOM CBSI3U:
0 — CBsI3b — 00pa3yeTcs Mo JTUHUH, COSTUHSIONICH IICHTPBI aTOMOB,

P-pP

T _— CBSI3b — BO3HHUKAET B HAINPABICHUU MEPHNEHIUKYISIPHOM JUHUW COCJAMHSIONIEH IEHTPHI
aTOMOB,

O — CBSI3b O6p3.3y}OT d-o6na1<a, Haxo4dgmuecsd B NapalJICJIbHBIX IJIOCKOCTAIX.




HampaBnenue cBsi3u  00ycCiIaBIMBaeT MPOCTPAHCTBEHHYIO CTPYKTYpY (Te€OMeTpHUYecKoe
CTPOCHHE) MOJICKYJIBI.

3.IonsipuszyemMocTh CBs3U. Bce MOJeKysbl ¢ pa3HBIMH AJIeMEHTaMu 0oJiee WM MEHEE MOJISIPHBL.
DNEeKTpOHHAs IMapa CBSA3HM CMeIIaeTcsl K 0osee 3JIeKTPOOTPULIATEIbHOMY 3JIEMEHTY. Y CIIOBHBII
3apsi, BOSHUKAIOIINI Ha aTOMax IpU 00pa30BaHUM CBSI3U, HA3BIBACTCS 3 PeKmusHbIM 3apsioom.
On ycranaBiuBaercs skcrepuMenTanbHo. B mosekyne HCI crenens nonnoctu cocrasisier 18%.
B monexyne NaCl nonnas cBs3b coctaBisier 80%. [ToaToMy KoBasieHTHas CBSI3b MOPA3ICIISICTCS
Ha KOBJICHTHYIO HEMOJPHYIO (YacTuuHbId 3apsn o = 0) Hy, O,, F,; koBaJleHTHYIO MOJISpHYIO (O
# 0) u, KaKk KpaitHuii ciryqaid, pu & =~ 1 — nonHas. T.k. HOHHAs CBSI3b UMEET CBOM OCOOCHHOCTH,
9TOT TUI XUMHUYECKOU CBSA3H BBIICIAIOT.

§10. Uonnas cBs3b

Honnas cBsA3p OTVIMYAECTCA OT KOBAICHTHOM INOJSIPHOM TEM, YTO OHA HEHAIIpaBJICHA U
HEHACBIIAEMA.

HonHast CBs3p OCYLIECTBIIICTCA B PE3YJbTAaTE DJIEKTPOCTATUYECKOrO IPUTSHKEHUSA
IPOTUBOIIOJIOKHO 3apsHKEHHBIX uyacTull. MOHHAs CBsI3b HEe 00JalaeT HanpaeieHHocmovio, T.K.
9JIEKTPOCTaTUYECKOe TIoJIe HMOHa uMeeT  cdepuueckyro  cummerputo. OpHako, B
KPUCTAJJIMYECKOM (HEPACTBOPEHHOM BHJIE) IMPAKTHUUECKHU BOKPYT KaKJI0TO MOHA PACIOJIO0KEHO
(CKOOPAMHUPOBAHO) OIPAaHUYEHHOE YHUCJIO MPOTHMBOMOHOB, KOTOPOE OINpPENEeNsIeTCs] B OCHOBHOM
COOTHOILIEHUEM Pa3MEPOB HOHOB PAa3HOT'0 3HAKA U HE 3aBUCUT OT €ro 3apsja (pUCyHOK 5.7).

Pucynok 5.7

HNonunag cBsa3b

LleHTpanbHBIi MOH HE KOMIEHCUPYETCS OJHUM HOHOM MHPOTUBOIOJIOKHOIO 3HAKA, T.€.
€ro IoJie IEUCTBYET M0 BCEM HAIPABJICHUSIM, TIO9TOMY CBSI3b HEHAChideMd.

OTCyTCTBHE STUX CBOMCTB 00yCIaBIMBAECT CKJIOHHOCTh MOHHBIX MOJIEKYI K aCCOIMAIINU,
T.e. K COEAMHEHMIO Jpyr ¢ Apyrom. IloaToMy Xxumuyeckue (QopMyibl HMOHHBIX COEAMHEHUM
OTPaXKarOT JHUIIb MPOCTEHIIEe COOTHOIIEHUE MEXKIY YUCIOM aTOMOB 3JE€MEHTOB, BXOISAIINX B
COCTaB TaKOM acCOITHAIlNH.

§11. 'nOpuan3anus aToMHBIX opOuTaIei

Wrak, kak ObIJI0O OTMEYEHO B Havaje, MOJIEKyJa 00pa3yercs IMIIb B TOM Cllydae, Koraa
oO11ast HepPTUs MOJIEKYJIbl MEHBIIIE, YEM YHEPTHUS OT/IEIHHBIX aTOMOB.

VYuénsie Cnelitep u [loauHT MpeayioKmIM KOHIETINIO 0 THOpuau3anuu. CoracHo eil B
00pa30oBaHNM KOBAJICHTHOW CBSI3M YYaCTBYIOT HE «UHCTBIC», & TaK HA3bIBAEMbIe «TUOPHUIIHBIEY,
yCpeaHEHHBIE TT0 (JopMe U pa3MepaM, a, CIISIOBATEeILHO, H 110 YHEPTUH, opOuTamu. Yucio Takux
opOuTaneil paBHO YHCIy HCXOAHBIX opOutaneir. ['mOpuanpie opOWTamM BCIEACTBUE O0COOOM
CUMMETpUHU B 00pa30BaHUM M-CBSA3EH ydyacTHs HE MPUHUMAIOT (Tabnuua 7).

Tabnuna 7.
Tunel ruGpuan3auu
Tun Yron wMexny Tpumeps!

I'eomerpuyeckas popma
TUOpHUIN3AITIT CBSI3SIMU



1800

sp JMHeWHas 180° AT
BeCl, =/

1200
sp” TPEYroJbHas 120°
BCl;
CH,4
sp’ TETPadIpUUECKas 109,5° & 109728

PCl;s
0B
spd TPUTOHAIBHO- 90°; 120°
ounupamMugaIbHas B
sp°d’ OKTadApHyecKast 90°
SF, AB, (sp3d?)

Uro0Obl OmpenenuTh TUM TUOpUIM3ANUUA U (GOpPMY XHUMHUYECKON YaCTHIIBI, MOCTYMAIOT
CJIETYIOIIUM 00pa3oM:

1. HaXOmAT IEHTPAIBHBI aTOM W OMNPENeSIOT YUCIO O-CBsi3ed (M0 YHUCITY KOHIIEBBIX
aTOMOB);

2. OmpeAemnsIoOT CTENEeHH OKUCICHHS aTOMOB B YaCTHUIIE;

3. COCTaBJIAIOT AJIEKTPOHHYIO KOH(UTYpAIMIO IEHTPATHHOTO aToOMa B HYXXHOW CTETCHH
OKHCJICHHUS,

4. ecam 3TO HEOOXOIUMO, TIPOJIEITBIBAIOT TO KE CaMOE JIJIsl KOHIIEBBIX aTOMOB;



5. u300pakaloT CXeMy pacIpeleleHHs] BaJCHTHBIX 3JEKTPOHOB HEHTPAIBLHOTO aroMa Io
opOUTAaNIAIM, IPU ATOM, BOTIPEKHU MpaBuily [ yH[1a, MAaKCUMAJIBHO CIIAPUBAIOT JIEKTPOHBL;

6. OTMEYaroT OpOUTANIH, YIACTBYIOIIME B 00OpAa30BaHUHU CBSI3€H C KOHIIEBHIMH aTOMaMU;

7. ompenensitoT TUN TUOPUIM3ALMK, YYUTHIBAas Bce OpOWTaNM, Yy4YacTBYWOIIHE B
00pa30BaHUM CBS3M, a TAK)KE HETOJEICHHBIC 3JICKTPOHBI; €CIM BaJICHTHBIX OpOHTanen
HEJ0CTAaTOYHO, UCTIOIB3YIOT OPOUTAIIH MOCIEIYIOIINX SHEPTETUUECKIX YPOBHEIA;

8. 1O TUILy THOPUAN3ALNHU ONPEACISIOT TEOMETPUI0 XHMUYECKON YaCTHIIBI

§12. I'eomeTpuyeckue (popMbI MOJIEKYJI

Korma roBopsatr o ¢dopmax MoOJEKyl, TpeXIe BCEr0 HMEIOT B BHIAY B3aUMHOE
pacroioKeHUe B MPOCTpaHCTBE siiep aroMoB. O ¢opMe MOJIEKYJBI UMEET CMBICI TOBOPHTb,
KOTJla MOJICKYyJia COCTOMT M3 TpeX W 0ojee aTOMOB (IBa sjpa BCEr/a HAXOASATCS Ha OJIHOUN
npsMoit). dopMa MOJIEKYJ OINpEACNIeTCs] Ha OCHOBE TEOPHHM OTTAJIKHUBAHUS BaJCHTHBIX
(BHEIIHUX) AMEKTPOHHBIX mMap. COrIacHO 3TOW TEeOopuH MOJIEKylia Bcerjaa OyleT MPUHUMAThH
dbopMy, TIpU KOTOPOW OTTAJIKMBAHHWE BHEIIHUX SJEKTPOHHBIX IMap MUHHMAJIBHO (TIPUHITUII
MUHHUMYMa 3Heprun). [Ipu 3ToM HEOOXO0AUMO UMETh B BUJLY CIEAYIOIINE YTBEPKACHUS TCOPUU
OTTaJKUBaHHS.

Haubonpiiee oTTankMBanue NpeTepreBaOT HEMOICICHHBIC SJIEKTPOHHBIC MAPHI.

Heckonpko MeHblIIe OTTaTKUBaHUE MEXY HENOACIIEHHOM ITapOM U MapOH, y4aCTBYIOLIEH
B 00pa30BaHUU CBS3H.

Haumenbliee oOTTalKMBaHWE MEXAY JJIEKTPOHHBIMHM I[apaMH, YYacTBYIOIIMMHU B
oOpazoBanum cBsi3u. Ho W 3TOrO0 OBIBaeT HEMOCTATOYHO, YTOOBI PA3BECTH sjpa aTOMOB,
Y4acTBYIOIIMX B 00pa30BaHMM XUMUYECKHUX CBSA3EH, HA MAaKCUMAIbHBIN yroJl.

B xadectBe mpumepa paccMoTpuM (OPMBI BOJOPOAHBIX COCAMHCHHI 3JIEMEHTOB BTOPOTO

nepuoaa: BGHQ, BH3, CH4, C2H4, C2H2, NH3, HzO
Haunewm ¢ onpenenenus hopmbl Monekynsl BeH,. M300pazum ee 351eKTpoHHYI0 (OpMYITy:
H:Be:H,

U3 KOTOPOM SICHO, YTO B MOJIEKYJE OTCYTCTBYIOT HEIOJICICHHbIE 3JEKTPOHHBIE MaphI.
CnepoBarenbHO, M JJEKTPOHHBIX IAp, CBA3BIBAIOIIMX AaTOMBI, €CTb BO3MOXKHOCTb
OTTOJIKHYTHCSI HA MAaKCHMaJIbHOE PacCTOsSIHUE, IPU KOTOPOM BCE TPU aToMa HaXOAATCS Ha OJHOMN
npsimoi, T.€. yroa HBeH cocrasnser 180°.
Monekyna BH; cocrout u3s yerbipex atoMoB. COrylacHO €€ 3JeKTpOHHOUM Gopmysie B Hel
OTCYTCTBYIOT HENOJIEJICHHBIE Maphl AJIEKTPOHOB:
H:R-H

.o

H

Mornekyna npuobperer Takylo (GopMmy, NMpH KOTOPOH paccTOSIHME MEXIY BCEMH CBS3IMHU
MakCHMaJbHO, a yroa Mexay HumHu paBeH 120°. Bce yerbipe aTomMa OKaXyTcsi B OIHOMU
IUIOCKOCTH — MOJIEKYJIA TUIOCKAs:

|
B

e

H H

SHCKTpOHHaH q)opMyna MOJICKYJIbI MC€TaHa BBITJIIAUT CIICAYIOIIHUM 06pa30M:



Bce atoMbl JaHHON MOJIEKYJIBI HE MOT'YT OKa3aThCsl B OJTHOM IIJIOCKOCTH. B TakoM cirydae
Yroa MeXay cBsizsiMu paBHsuicss Obl 90°. Ecth Oosee onTuManbHOE (C PHEPTETHYSCKON TOUYKH
3pEHUs1) pa3MELIEHUE aTOMOB — TETPA3APUUECKOE. YTOJI MEKIY CBS35SMHU B 3TOM ClIydae paBeH
109°28'. DnekTpoHHast popMyIia STeHa UMEET BUI:

H C-C-H

EcTtecTBeHHO, BCE YIibl MEXKIYy XUMMUYECKUMH CBSI3IMHU MIPUHUMAIOT MAaKCUMAJIbHOE 3HAYEHUE —
120°.

OuyeBUHO, YTO B MOJIEKYJIE alleTUJIEHA BCE aTOMBI JOJIKHBI HAXOAUTHCS HA OJTHOM MPSIMONA:
Otnuuue monekynbl ammuaka NH; oT Bcex NpeamiecTBYIONUIMX COCTOUT B HajJM4MU B HeEH
HEIOJICJICHHOM Maphl 3JIEKTPOHOB Y aTOMa a30Ta:

H:]Ql:H
-

Kak yxe yka3slBaJloCh, OT HEMOJCIICHHOW 3JICKTPOHHOW Maphl 00Jee CHIBLHO OTTAIKHBAIOTCS
3JIEKTPOHHBIE Mapbl, yYacTBYIOIIME B 00pa3oBaHuU CBA3U. HemozeneHHas mapa pacrojiaraercs
CUMMETPUYHO OTHOCUTENILHO aTOMOB BOJIOPO/Ia B MOJIEKYJIE aMMHUaKa:

B

Yron HNH wmensiie, uem yron HCH B Mmonekyne Merana (BcieacTtBue Ooliee CHIBHOTIO
AJIEKTPOHHOI'O OTTAJIKUBAHUA).
B Moutekyse BoJbl HENOIEICHHBIX M1ap YXKE JBE:

H: 0O :H

DTUM 00YCIIOBJIEHA YIOIKOBask (HOpMa MOJIEKYJIbL:
Q
N

H

Kak cnencrsue Oosiee CHIBHOTO OTTAJIKWBAHUS HEMOJAEICHHBIX 3JEKTPOHHBIX Hap, yroi
HOH eme mensie, yem yron HNH B Mmonekyne ammuaka. [IpuBeneHHbIE TpUMEPBI 1OCTATOYHO
HaIISITHO IEMOHCTPUPYIOT BO3MOKHOCTH TEOPUHU OTTAJIKMBAHUS BAJICHTHBIX JJIEKTPOHHBIX Hap.
OHa 103BOJISIET CPABHUTENBHO JIETKO NpeAcKa3biBaTh (POPMBbI MHOTHX KaK HEOPraHMYECKHX, TaK
Y OPraHUYECKHUX MOJIEKYIL.

§13. Bogopoanas cBsizb

BogopomHas CBA3p — 3TO Pa3HOBUIHOCTH KOBAJIGHTHOW CBSI3W, OOpa30BaHHON TIO
JIOHOPHO-aKI[ENTOPHOMY MEXaHU3MY.
Ecin Bogopo B COeTMHEHUH B3aUMOJICHCTBYET ¢ CHIIBHO AJICKTPOOTPHUIIATSIBLHBIM JIEMEHTOM
(F, O, N, S, CI), To o MOkeT 00pa30BBIBATh JOMOTHUTEIBHYIO CBSI3b C 3TUM aTOMOM.
DHeprusi BOJIOPOHOM cBsi3u Heenuka &...40 kJ[>K/MOib, MOITOMY OHa JIETKO 00pa3yercs u
JIETKO pa3pylIaeTcs.
H...F H...O H...N



40 xJIx/monp 20 xJx/Moas 8 kJIk/MOIb

C yMeHBIIIEHHE 3JIEKTPOOTPHUIIATEIIBHOCTH aTOMa, SHEPTUs CBSA3H TAK)KE YMEHBIIIACTCS.

Tax mpu 00pa3oBaHUK MOJIEKYJIBI BOJIBI, KOBaJIeHTHas cBsi3b O — H cunmpHOMOMsIpr30BaHa
3a CUET IJICKTPOOTPHUIATSIILHOCTH aTOMa KHCJIOPOJa. DJICKTPOHHOE 00JIaKO CBS3M CMEIICHO K
KHCIIOPOJY, ¥ BCIEACTBHE ITOT0, KACIOPOJ mpruodperaeT 3pPEeKTUBHBIN OTPUIIATEIIBHBIN 3apsi
-0, a Bojopoa +0, T.e. BOJOPOJ TOYTH JIMINACTCS 3JIEKTpOoHHOro obiaka. Mexay H omHou
MoJsiekynbl U O Apyroil MOJEKYJIbl BO3HUKAET JJIEKTPOCTATUYECKOE TPUTSIKEHHE M , KaK
CIICJICTBUE, BOJIOPOJIHAS CBSI3b.

/ © Ei\
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O6pazyetcs monekyna coctasa (H,O)y,.

bnaronmapss BOZOPOAHBIM CBSI3SIM TEMIIEpaTypa IUIABICHUS W KHUIICHUS B TaKUX COCAMHEHUSIX
SHAYUTCJIBbHO BbILIC, YCM Y AHAJIOTHUYHBIX CO@[[I/IHGHI/If/'I oe3 BOOOPOJHBIX CBSI3EH.

BomopoiHas cBsi3b ObIBacT ABYX BUJIOB:

1.BayTpumonekyinsipHas — CBs3b, 00pa30BaHHAs MEK/y aTOMAMU OJTHON MOJIEKYJIbI
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2. MexMoneKyasipHass — MeXAy aToOMaMH pa3HbIX MOJEKYl. 3a Cc4€T Takux CBs3ed

YACPIKUBAKOTCA CIIMPAIA 6€J'IKOB, HYKJICHMHOBBIX KUCJIOT.




