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CYILeCTBEHHO BJAMSAIOT Ha ONTHYECKHE CBOACTBA MOJEKYJ], B 4aCTHO-
CTH MOJeKyJs 6uononuMepoB (cM. . 5).

MEt paccMOTpeH BaH-/lep-BaasibCOBO, HEXHMHUYECKOE B3aUMOIeH-
CTBHE 3JEKTPOHHEBIX cHcreM. OTTa/JKuBaHHe, T.€. NOJOKUTENbEBIN
YJeH B BHIpaXKEHUH [J/1fl MOTEHIHANa MEXMOJEKYAAPHHX cua (Ha-
npHuMep, WieH, NPONOpuHoLanbHEil 712 B (4, 2)), NpOsABASETCS NAHIIb
Ha MaJbX paccTosHUAX. IIpoucXOKaeRHe 3TOTO OTTAJKHBaHHUS, Ha-
IVISIIHO HHTEPNPETHPYEMOr0 KaK HEBO3MOXKHOCTb NPOCTPAHCTBEHHOTO
COBMEIIIEHHs] ABYX 3JIEKTPOHHHIX CHCTEM, PaCKpHIBAETCS KBAaHTOBOH
MexaHuKoH. OTTaJKHBaHHE CHCTEM C HACHIICHHBIMH BaJleHTHOCTAMH
XapaKTepH3yeT HACHIIIAeMOCTb XHUMHMUECKHX cCBsizeir. PaccMorpum
B3aumonefictBue Moaekyau H, ¢ atomom H. Cnunbl 3sjektponos
B H; antunapaaneasusl. Fimeem
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Ho cocrodnne ¢ nmapananenbEBIMM CIOMEAMH OTBEYaerT OTTaJKHBa-
EHIO — OOMEH CNHHAMHM BeNeT K NOBHIIIEHUI0 3Hepruu. O6Men 1 == 3
EE YHHUTOXKAeT Mo/aeKkyan Hy Kak yCTOHUHBOH CHCTEMBI, HO TaKKe
NPHUBOJAUT K NOBHIICEHIO SHEPTHH, Tak Kak couiu | U 3 napaa-
JIeJIbEBl H UX KOOpAHMHATHAs BOMEOBasd QYHKIHS aHTHCHMMETPUYEA,
T. €. COOTBETCTBYeT COCTOSIHMIO OTTa/jKMBaHMs. B o6oux ciaydaax
obmena monekyna H; orraakusaer atom H. Cuabl oTTankuBagus —
obmeHEBIe cuabl. VIX TeopeTnueckuil pacuer BO3MOXKEH B NPOCTEH-
WHX caydasx [23], HO nJs1 ApaKTHYECKHUX 1esell BCErna MOXKHO MOJb-
30BaTbCs IMNUPHUECKUMHU MOTEHNHAJaMH ([IaXe MOXE/bIO TBEpIHX
cep ¢ BaH-1ep-BaasbCOBLIMU pagHyCaMH).

§ 4.4. BOJOPOJHAR CBA3b W CTPYKTYPA BOAbI

Hapsany ¢ Bah-nep-BaasbCOBBIMM B3aUMOAEHCTBHAMH BOXOPOA-
HbI€ CBSI3U SIBJSIOTCS] BaXKHEHIIUMH AJ51 GUOJOTHH ¥ GHODUIUKU He-
XHMHYEeCKMMH B3aumopefcTBusamMu. Mul yxke BHpean, UTO BOAOpPOX-
Hbi€ CBSI3H CTAOW/IM3YIOT BTOPHYEYIO CTPYKTYpY HOAHNENTHAHBIX
nenefl. To »Ke OTHOCHTCA K KOH(POPMAalUHOKHOMY CTPOEHHIO HYKJEH-
HOBBIX KHCJIOT U yTV1€BOJOB.

BuonoauMeps QyHKIHOHHDYIOT B BOXNHOM OKpyxKeHHH. Bona —
ocobasi XKHaKOCTb, O6nanaiomas psanom asomanuil. OHu Takxke 06-
VCJIOBJIEHB BOLOPOAHLIMH CBSA3SAMH. '
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[NousiTue «BOHOpPOXHAs CBsI3b» OO BHEpBLIe BBexeno B 1920 r.
Jlarumepom u Pone6ymem [28] n/1s 06bsiCHEHHs CBOMCTB aCCOUMUPO-
BaliHbIX BellecTB (HauboJsee BaXKHOE U3 HUX — Boma). AtoM Bomo-
pona, copepxamuiica B rpynnax O—H, N—H, H—F, H—Cl #u
uvorga B S—H u C—H, o6pasyer crnenuduieckyio cBsi3b ¢ aTo-
mamu O, N, F, Cl Tofi ke uau npyrofi MOJeKyIbl

>N—-H- , .0=c<

Hanunuue Takofl CBs13u oTpaxkaercs Ha QU3HYECKHUX H PU3IHKO-XH-
MHYECKHX CBOHCTBax BemlecTBa. Tak, MEXMOJeKyJspHbie BOLOPOL-
HEE CBSA3U ONPENEsIOT aCCOUMANHIO COOTBETCTBYIOMIUX HKUIKOCTEH.

TaGaun a 4.5

(4,22)

CBoiicTBAa M303JEKTPOHHBIX MHKOCTel

: ° Tennora Mo asprbtit
BeujecTBO Trm. °K Tgun °K HCHapeHHd, obneM,
KKar[more cemifmone
®ropucthiil Boxopox HF 181 292 7,20 20,2
Boaa H,O 273 373 9,72 18,0
Ammuax NH, . 195 240 5,57 20,8
Meraun CH, 89 112 2,21 34,0

AcconuupoBaHHLIE BEIECTBA XapaKTEpPU3YIOTCs GOJLIIHMH TemJo-
TaMH HCHapeHHsl, BHICOKUMHU TEMIIEpaTypPaMU NJABJEHHS H KHICHHUS
u 60JLIIMMHU pas3iMuuAMU Mexay HuMH, CpaBHUM ueTHpE BEIIeCTBa,
COCTOSIIME M3 H303JIEKTPOHHBIX MOJieKyJa (taba. 4.5). Meran — He-
aCCOLMMPOBaHHasl KHUAKOCTb 6Ge3 BojopomHbix cssizell. OcranbHble
BellecTBa accouunpoBadsl. CpaBHUM CBONCTBA ABYX U30MEpPHBIX Be-
[IecTB: sraHosa u numeruiasdupa. B sranos sxonur rpynna OH, o6-
pasylomasl BOLOPOJAHYIO CBA3b. B numMeTn/isdupe BonoponHbie CBA3H
orcyterBytoT (taba. 4.6).

Tadauma 4.6

CeolicTBa 9TaHOJAa H nUMeTHJadupa

Beurectso ’ Top °K Trune °K Tenno’:’caa:/c);'l:/&eﬂnﬁ.
dranon C,HsOH 161 351 10,19
Humernaspup (CH;),0 1356 249 4,45

BOlIOpOlIHbIe CBsI3H OHpEAELAIOT 6oJpliMe 3HAUCHUSA IOU3JICKTDH-
YECKHX ﬂpOHHHaeMOCTei/’I U OTKJIOHEHHSs1 BEJIHYHH NHUNOJIbHbLIX MOMECH-
TOB MOJIEKYJ OT BeKTOpHOf/’I CyMMpl NHNOJbEBIX MOMEHKTOB cBsizell.
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HusnekTpuueckHe INPOHHIAEMOCTH THIHYHBIX aCCONHMHPOBAHHBIY
xkunkocresi npu 20 °C paBHBI COOTBETCTBEHHO: Boma — 80, HCN —
95, dopmMamun — 84, meranon — 33, ammuak — 15,5.

CTpyKTypHBIE HCCAENOBAaHHsl KPHCTAJJOB, CONEPMKAUIMX BOJO-
POIHBIE CBSI3H, MOKA3bIBAIOT, UTO NPH CBSI3IBAHHM aTOMOM BOJOpOIA
IBYX 3JIEKTPOOTpPHIATEIbHBIX aToMOB A u B paccrosHue mexny
HUMH Rap OGLIYHO MEHbIIE CYMMBI BaH-I€P-BaajlbCOBBIX PaiHyCOB.
CooTBeTCcTByIOLIME faHHbie NpuBeeHsl B Tab/. 4.7 [29]. Cymmbl BaH-
JiEp-BaasibCOBBIX PaJHyCOB OTHOCATCS TOJIbKO K atoMaMm A u B, cka-
keM K atomaMm O B cBsisu O—H- - -O. lludpe B nocaegtem croiabue
Tabaunpl onpeaenens ITumentenom u Mak-Kiensanom U3 cnexkTpo-
CKOMIHYECKHUX AaHHBIX [29].

TaGauma 4.7
MexaToMubie paccToaHus B KDHCTAdAaX

Cymma o,
Bonoponubie CBsi3H Bemectra B:;;g‘gg:,?- RAB: A BLIFBAHHOTO
A-H---B -H pajiHycoB A Bog:;;ﬁgoﬁ
® B, A i '
O-~H---0 HeopraHuyeckue 2,80 2,55 0,65
KHCJIOTH
KapGorosnie Kuc- 2,63 0,57
JOTH

®DeHOAB 2,67 0,53

CnupTst 2,74 0,46

Jlexn 2,76 0,40
O—H-.-N 2,90 (3,05) ') 2,80 0,5
N—H...O Coan aMMoHHA 2,90 (3,05) 2,88 0,5

Amunn 2,93 0,4

Amunn 3,04 0,3
N—H-:--N 3,00 (3,30) 3,10 0,4
O—H.-..Cl 3,20 3,08 —
N—H:.-F 2,85 (3,00) 2,78 —_
N—H...C] 330 (3,45) 3,21 —
F—H..-.F 2,70 2,44 —

') B cko06kax ykasaHbh MaKCHMaJbHHE 3HAYEHHS.

BonopoaHasa cBsi3b sIpKO MNpOsIBJIsIETCST B CHEKTpax — KoJeba-
TeJbHbIX (MHQDAaKPacCHBIX M KOMOGHHAIHOHHBIX), 3JI€KTPOHHHX H
B CHEKTpax siIepHOr0 MarHMTHOTO pe30HaHCa. XapaKTepUCTHYECKHe
YacToTbl KoOJieGaHHH TpYNN, comepxalluXx BOLOPOA, HaNpuMep
O—H-rpynnbi, CyIWECTBEHHO MOHMHXKAIOTCS, €CJAH 3TOT BOAOPOA OO6-
pasyer BOLOPOAHYIO CBA3b. Tak, B MOHOMEDHOH MypaBbHHON KHC-
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JoTe 3TAa Yacrora paBHa 3682 cx~!, a B numepe, craGHAH30BAHHOM
BOJODOAHBIMU CBSI3SIMHU,
0---H—0
z AN
H—C .
B NO—H...07
oHa cocrasJyser ToabKo 3080 cu~l. Takue quMepsl KapGOHOBBIX KHC-
JIOT YCTOHYHBEI M B Mapax. MeHAIOTCA ¥ Apyrue 4acTOTH MOHOMEpa.
Hudpakpacible mn0JMOCH MO-

C—H

raomenuss O—H-rpynn cuis- . e ,
HO pacmupsiotess npu obpa- H. H H\ '.H\ )z
30BaHHH BOLOPOAHON CBSi3H, H BN 0° 0

HX WHTEHCHBHOCTH yBEJIHYH- W \H H/ oy
BaIOTCsl MHOTA Ha NEeAbl# No- ,+° 0 \0/
psnok. Ilpuunuel sTux sBae- PN Tt
HMII MCCJEN0BaNuCh B PANLE N7 H..
Teoperuueckux paGor  (cm.
[30—32]). Ilposinenus Bomo- Boda
poLHOH CBA3H B CHEKTPaX Mou-
poOHO pacCMOTpPEHH B MOHO-
rpabuu  [29]. Bopoponuas /\/0\
CBSI3b CYIIECTBEHHO BJHSET Ha
HEKOTOpPbIE 3JEKTPOHHBEIE Iie- 0
pexonnl, HalpUMep B Cjayyae : \/ \C/ Canugunobay
NUPpHAMHA, B3aUMOAEHCTBYIO- l Kuehoma
uiero ¢ Bono# {33]. Oua cnsu-
raeT B KOPOTKOBOJIHOBYIO CTO- ‘ 0\
pOHY TaK HasbiBaeMbie Am*- H
[I€PEXO/bI, HUTO Naer BOSI\iO)K- Puc. 4.12. MexmoneKyasipibie BOZOPOA-
HOCTb OTJIMYHTbL HX OT ML™-M€-  pye cpasu (B BORE) H BHYTPHMOJEKYsAp-
peXOlIOB. Hasg BOMXOPOAHAH CBA3b (CaJlHLlHJIOBaﬂ KH~

B cnekTpax MNPOTOHHOTO caora).
MarHHTHOro pesonanca (IIMP)
OTYeTAHBO Habaiofaiores cnenuduueckue XMMHUYECKHE CIBUTH, Bbi-
3BaHHbIE BOAOPONHO#H cBsa3bio. Cnektpockonusi [IMP mapsany c un-
GbpakpacHOil, MpeACTaBAseT HAUAYYUIHA METOA H3y4YeHHst BOZOPOL-
Hoil cesisu (cm. [29] u § 5.10).

Bce CKa3aHHOE OTHOCUTCSE KaK K MEXKMOJIEKYJSPHBIM, TaK MU
K BHYTPUMOJIEKYJSIDHBIM BOJOPONHBIM cBsassaM, Ha puc. 4.12 no-
Kas3aHbl CBSI3H U TOr0 H JPYroro THNA — B BOLE M B CaJIHIHUJIOBON
KHCJIOTE.

dueprusi BONOPOAHBIX CBSI3eH ompenensieTcs U3 NAHHHX O Tep-
MOJMHAMHUYECKHX CBOMCTBAX COOTBETCTBYIONI[MX BEIIECTB, U3 CHEK-
TPOCKOMUYECKHX NaHHBIX U T. A. [29]. Tepmoaunamuueckue GpynknuH
BRIpaXKalOTCsl Yepe3 KOHCTAHTy paBHOBECHS

Axrusaocts coenuuenss _ |A—H:-B]
K= AKTHBHOCTH peareLToB [AH] B] (4’23)

X R}
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caenyroiumM o6pazom:

AF=AH — TAS=—RTInK, (4,24)
AH =RT?( InK ),,- (4,25)

Xapaxrepuble 3Hauenuss AH, T. e. 3HeprUU BOXOPORHON CBsSI3H, NpH-
BeneHbl B TalbJ. 4.8.
Tacauna 4.8

3uauenuns AH pias BOZOPOIMHX CBa3eli pPA3IMYMBIX THNOR

Tum cBR3U U Bell[eCTRBO AH, kkar{monre
1. O—H---0
Bopa H,O Ias 4,4—5,0; xkugkocts 2,8
Meranoa CH;OH Fas 3,2—7,3: wugxocts 4,7
dranoa C,H;OH las u wuaxocts 4,0
2, N—H---N
Ammuak NH; las 3,7—4,4
MeTua- 1 3THAaAMHH
CH;NH,, C;H;NH, I'as 3,1—3,6
3. F—H...F
®ropucthil Bogopoy HF I'as 6,7—7,0
4, C—H.--N
CHunabHag kHcaota HCN I'as 3,3; xugxoctsr 4,6

Hononuum Ty Tabauny npubauxeHHbIMU oneHkaMu [34]. Humeewm:
(8 kxkaa/moawv) 7 pna F—H..-F, 3—6 gasn O—H..-0O, 3—5 pas
N—H-.-'N, 5 gas N—H.:-F, 47 gas O—H-.---N, 2,6 naas
C—H..-0, 23 gra N—H-..0O. Beauuuna AS gaa O—H-.-.0
cocraBaseT 14—I18 kaa/mons-epad.

Bonoponuas cBs13b 06pa3yeTcsi NpH yIJaepoje JHIUIb B HEMHOTHX
cayuaax (umanucreiii Bogopon HCN, xnopodopm CHCl3 ¢ nupunu-
HOM U TPHITHIAMUHOM U [p.).
~ Tlpupona BonoponHoii ces3u cnenuduuna. Aron H e o6o6utect-
BJIsleTCS MOJHOCTBIO atoMaMu A u B. Penrtrenorpadus He nossosasier
HEeNOCPENCTBEHHO ONpEeLe]HTh MNOJIOXKEHHe aToMa BOAOPORA (CM.
cTp. 272), HO €r0 MOXKHO YCTaHOBHTb METOLOM HeHTpoHOrpaduu.
‘Takoe uccaenosanue abpa 610 NpoBefeHO B pabore [35]. BuisicHu-
sock, 4To o6GosHaueHne O—H...-O peasnbHO 060CHOBAHO — XHMH-
vyeckass cB13b O—H cymectBeHHO Kopoue M, 3HAUMT, TNpOYHee
BopoponHoil c¢BaA3y H---O. [Ipn noBelLIEHHH TEMIEPATYPHl CBA3H
O—H u H-.-O moryr meHsitbcsi mMecraMu. 3 KBaHTOBOMEXaHHUe-
CKOTO pacuera, a TaKxKe H3 O6IHX cOOGpaKeHUH Caenyer, 4To KpH-
Basi 3aBHCHMOCTH 3HEpPrHHM OT mHoJIOXKeHHs artoMa I B pumepe
MypaBbUHON KHCAOTH HMEET [[Ba CHMMETpPHUYHBIX MHHHMYyMa, pa3je-
JIEHHBIX AKTHBAHOHHHIM GapbepoM. TakuM 06pasoM, NMpH IOBBIHIE-
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HHM TEMIIepaTypsl aTOM BOLOPONA CHOCOGEH MHIPUPOBAThL OT OLHOTO
aToOMa KHCJO0pOa K ApYyromy.

Bonoponnas cBf3p Bcerga o0pasyeTcss MeKAy IBYMs 3JEKTPO-
CcTpHLaTe/bHBIMH atoMamH. CHayasa Kas3ajnoch, YTO OHAa UMEET YM-
CTO 3JIeKTpocTaThueckyio npupony [36, 37]. HeiictBuresnbHo, teope-
THYECKHE PacyeThl JEKTPOCTATHUECKOTO B3aMMOLEHCTBHS HPUBENH
K 3HaUeHHsAM 3HEPTUH BOAOPONHOH CBSI3H, 6JHM3KHUM K ONBITHBIM LaH-
HoiM. OJlHaKO Takoe MpeACTaB/eHHE HeJb3sl COIACOBaThb CO CIEK-
TPOCKOINHYECKHUMH [LaHHBIMH — C MHTEHCHBHOCTAMHM HHQPpPaKpacHBIX
N0JIOC, @ TaK¥e ¢ NaHHBIMH MO [WIOJBHBIM MOMEHTaM H CIHEKTpPam
IPOTOHHOrO MarCHHUTHOrO pe3oHaHca [33].

KsaHTOBOMEeXaHHUYeCKH pacyer MOKAa3bIBAET, 4YTO HAPAMLY C JeK-
TPOCTATHYCCKHM BKJIAJIOM CJAeLYyeT YYHTHIBATH BKJAaj B 3HEPTHIO
BOJOPOJHO!N CBsI3H, ONpene/iieMblll [eJoKaJu3aiuell 3JeKTPOHOB.
BonnoBywo ¢yHruuio cucremst O—H---0O, paccmartpusaeMyo Kak
YeTHIPEX3JNEKTPOHHYI0 (mBa ajekTpoHa cBsisu O—H u gBa — Hemno-
JleJIeHHON Mapbl Ha BTOPOM aTOMe KHCJI0pOJa), MOXKHO MpeiCcTaBHTh
B BHJAE JUHEAHOH KOMOWHANWH BOJIHOBHIX (PYHKUHHA, OTBEYAIOIIMX
ClelyIOlUM NATH BaJeHTHBIM CTPYKTypam [34]:

1.\0——H O/ KOBaJIeHTHAS.

AN
2. \O_ H* O/ HOHHaS,
AN
AN
3. —0" H O/ HOHHAaA,
/ N\
4, \O_ H——6< nepeHoc 3apsifa, AJaUHHas cBA3p H—O',
5. \O H™ +< nepesoc 3apsiga, O—O cBa3b,
T. e
’ Y = ¢ P; + c29, + c51; + 4y + c5Ps. (4,26)

DJIeKTPOCTAaTHICCKOMY B3aMMOJEHCTBUIO OTBEYAIOT CTPYKTYPHI 1,
2, 3. DHeprusi [eJ0KaJM3ainyH, T. €. OHHIKEHHe 3HEPrHH N0 CPas-
HEeHHIO CO CTPYKTYypoi 1, BbI3BaHHOe THOPHAHM3AIHEH C YeTHIPbMS
APYrUMH cTPYKTypamu, Oblna oueHena B 8 xxaa/moare [38, 39].

U saekTpocTaTHYeCKOe B3aMMOLEHCTBHe, M JIeJOKAJu3anHs 3a-
PALOB YMEHbLIAIOT AJHHY BOJAOPOLHOH CBA3H. DTOMY YyMEHbUIEHHIO
NpensaTCTBYeT OTTalKHBaHHWe, 3HEPTHs KOTOPOro, OneHeHHas MOJy-
SMIIMPHUYECKH, COCTaBaseT NpuMepHo 8,4 krxas/mors. Hakonen, nuc-
NIePCHOHHOE B3aUMOJeHCTBHE BHOCHT BKJal B 3HEPTHIO CBA3H OKOJIO
3 kxaa/mons [34, 40]. Takym oOpasom, obljas 3HEpruss BOAOPOL-



202 I'J1. 4. ®U3UKA BEJIKA

HO# CBA3H paBHa CyMMe 3»JeKTpoctatuueckol (6 xkas/moan),
LeJoKaau3auuonnol (8 kxaa/moas), nuCepCHOHHON (3 KKas/morb)
3Heprufl MUHYC sHeprus orrankuBanus (8,4 KKkaa/moas). D10 naer
ang O—H-:. -0 peanuyuny 8,6 Kxka1/mMOr6 BMECTO SKCIEPHMEHTaJb-
HOro 3Havenus (sen) 6,1 xxas/moxe.

Coxouios [32] pasBH1 KBaHTOBOMEXaHMYECKYIO TEOPHIO BOLOPOI-
HOY CBAI3H, HCXOLSIIYIO H3 NPEACTaBJIEHHH o0 CYILeCTBOBAHUH JOHOP-
HO-aKIEeNTOPHOA CBfA3H, 06yCIOBNEeHHOH 0600IiecTBIeHHeM Hemome-
JIEHHOH Naphl 3/71eKTpoHoB. B cucreme A—H.--B cBsa3s A—H 3a-
HUMAaeT <«IPOMEeXYTOYHOe» TIoJNoXKeHHe MexXay uoHHoW A-H*Y u
KoBaseHTHOMH. OTBJI€KasICh OT JEKTPOCTATHYECKOTO B3aHMO1ENCTBYH,
OTMETHM, 4TO 3IeCh BO3HMKAIOT [Ba HOBHX ¢akrtopa. Bo-nepsux,
BCJEICTBHE YMeHbIIeHHsS 3JeKTPOHHOH NAOTHOCTH BOJaM3H atoMa H
YMEHbIIAeTCsl H OTTAJKHBAHHe, NpUCYllee CHUCTEME TOMeoHoaspHas
cBa3s A—H u atom B. Bo-BTOpHX, mosBAsieTCS IONOTHUTENbHOE
nputaxenne mexay H u B, BoisbiBaeMoe nepepacnpegenesineM sJaek-
TPOHHOH NJOTHOCTH atoMa B B moJe atoma H, cxonHoe ¢ 1oHOpHO-
aK[eNTOpHHMH B3auMonLeHicTBHAMH. Ha ocHOBe 3THX IpeicTaBaeHu
MOJMYYEHO KOJHYECTBEHHOE HCTOJNKOBAHHE CHEeKTPOCKONHYeCKHX Mpo-
SIBJIGHHH BOJOPOAHON cBsisH. B nutHpyeMoil pabore OO NOKa3aHo,
4TO NEepBOH cTajHel NPONECCOB MeXMONEKyAAPHOTO HJIH BHYTPHMO-
JIEKYJSIPHOTO Mepexoja MNPOTOHA, B YAaCTHOCTH TayTOMEpHHIX Ipe-
Bpameﬂnﬁ (cM. cTp. 85), Bcerma smasiercs o0pasoBaHHE BOAOPOI-
HOll cBsH. Boxoponwsie cBfisH (popanyIOT CTPYKTYPY BOABI H oOH-
penessiloT ee CBOHCTBA.

PaccMotpuM npexue Bcero CTPyKTYpy JbAa — OObIYHON €ro Mo-
nubuKaiuy, HMeHyeMoH «iaen I» (B oTAHYHE OT ApPYTHX MoauMopd-
HEX GopM, KOHX He MeHee 8, — OHH CyLIeCTBYIOT IIPH IOBHIUIEHHOM
nasnenun [41]). Jlem 1 rekcaroHaneH, KaXabli aToM KHCJIOPOLA
B pellIeTKe PAacIoJIOXKEH B EHTPE TETPasipa, B BepUIHHAX KOTOPOTO
HaxoxsaTcs cocennue atoMu O. Paccrosuns O—O pasue 2,76 A (cp.
ctp. 198). Kaxnasa monexyna HoO cBsizana ¢ 4eTepbMS COCEIHHMH
BOJOPOLHBIMH CBA3AMH. B sjeMmeHTapHylo sYefiKy BXOILAT 4YeThipe
MoJieKynH. PemeTka nbia peixnasi, ¢ MHOXKECTBOM NYCTOT, TAK Kak
ee KOOpJHHAIHOHHOe 4YHCao (T.€. YHeao OMHXAaWIIMX coceneir)
Masno — OHO paBHO yeThipeM. [1o3TOMY nex serue cBoero pacnJjasa.
310 cBOHCTBO /b2 HE YHHKAJABHO, HM 00/1a[1a10T TaKXkKe KPHCTAJIbI
ajnMasa, KpeMHHSl H TepMaHHs, HMeIOlIHe CXOLHOe CTpoeHHe. .

Pemierka JabJa — MOMEKyAsApHas pelleTka. AHaau3Hpysa ee
ctpyktypy, [Tonunr [42] npunien k BHBOAY 0 HeNONHOH YHNOPSALOYEH-
HocTH KpHcraana paxe npu 0°K. PaBHoBeposiTHH Bce pacronoxe-
Hust Modekyn HyO B pemerke, ynoBaeTBOPSIONIME CJAELYIOLIHNM
yeaopuam: 1) mosekyns HoO coxpaHsioT CBOIO LENTOCTHOCTS, 2) KaXK-
nas monekyna HyO opueHTHpOBaHa Tak, yto ae ee O—H-cBasu na-
npaB/leHbl K IBYM H3 deTbipex OJIHKAHIIHX aTOMOB KHCJOPOAA,
3) opueHtauuu cocenHux Monekya H,O TakoBbl, 4TO TOJBKO OZHH
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atoM H pacnosaraercs Ha npsiMoOi, COeLUHAIOMEN COCEHHE aTQMBHI
kuciaopona. OueBunHo, yrto Ka¥awiii atom H moxXer umers pgBa mno-
JIOKEHHS] — OKOJIO «CBOero» aroma O u 0KoJa0 GJHKAANIEro cocen-
Hero atoMa KHCJOpOLa. DTH Mpedro/oxKeHHs MNOJHOCTBIO MOLTBED-
OHJINCh HCCJAenOBaHHEM JibAa MeToaoM HelitpoHorpaguu (cm. § 5.1)
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Puc. 4.13. Pasmewenuss aTomos H.

[43]. B onHom mouie apaa copepxures 2N, aToMos Bogopona. Beero
oun umetor 2°¥A pacronoxenui. M3 24 cnoco6os pasMelnenus ue-
Teipex aToMoB H oxoso pansoro aroma O, moaekyie HyO (a He
H3O* u 1. 14.) coorBercTByloT lecTh cnoco6os (puc. 4.13). OOGiuyee
YHCI0 KOHQHIypanHii KpHCTalaa PaBHO

W = 2274 (6], )VA = (3p)"A, (4,27)
CaenoBaTte/ibHO, /15 OCTATOYHON 3HTPONHH HMeeM
Sy=kInW =RIn3,=0,805 ». e. (4,28)

D71OT pacyer NpHBeJ K NPEKPACHOMY COBHAJEHHIO C OMNBITOM, KO-
topuiil naer S = 0,82 - 0,15 3. e. TIpu Gonee cTporux pacyerax no-
Ny4aloTcs pesyJbTaTel, MaJo OTJHYAloIIUecs OT LaHHeBIX IlosuHra
[44, 45]. ~

JIbnonogo6Has cTpyKTypa COXpaHseTCs M B KHIKOH BOJLe, HO CO
3HaYHTeNbHBIMH HapylueHusMu [36]. PaccmorpuM, scien 3a Diizen-
G6eprom u KayumaHuHoMm [41], cocTosiHHe TBepHOH M KHUIKOH BOLBL
B kpHcTa/mie MoJeKy/Isl HCOBITEIBAIOT KOsieGaHHs, NOBOPOTHI H CPaB-
HHTEJNbHO pelKHe TPaHCJAAUHOHHbIE Nepememienus (nud¢ysus). Ha
MTHOBEHHOM CHHMKeE ¢ BPeMEeHeM 3KCIO3HIHH T, MHOIO MeHbIIHM IIe-
pHozna Kosaebauufi Ty (BO sbLe Ty ~ 2-10713 cex), monyunrca xap-
THHA, NI0Ka3aHHag Ha puc. 4.14, a (MruosenHas, HaH M-cTpykrypa).
3a BpeMsi, MHOro OoJiblliee Ty, HO 3HAYHTEJNbHO MeHblee BDeMeHH,
XapakTepHOro /s BpamareisHoil audpdysun tp ~ 1075  cex,
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KOJIe0aHHs YCPENHAIOTCs, H Mbl YBHIAHM Ha CHMMKe (cM. pHc. 4.14, §)
peryJiipHO PaCHoJIOKEeHHbIe, HO CydaliHBIM 00pa3oM OpHEeHTHpOBAaH-
HBle MOJIEKYJibl (KoseGaTenbHO ycpenHeHHas, K-cTpykrypa).

HaxoHen, npu v > vp Mbl YBHIUM BIIOJHE YHNOPALOYEHHYIO AHD-
¢dy3uoHHO ycpenHeHHylo, D-cTpyktypy (cMm. puc. 4.14, 8).

B xunkocrn M- u K-cTpykTyphl NOLOGHH KpHCTANIHUECKHM M-
u K-ctpyxtypam, HO D-CTpyKTypa MOJHOCTBIO pa3MblTa Iepemernie-
HHeM MoJexyJs. BoJsee HHQOPMATHBHYIO KapTHHY MOXKHC OblJIO Obl
1OJIYYHTb, TOMECTHB (HOTOKaMepy Ha NaHHYIO MOJIEKYJy BOAB H pe-
THCTPHPYSl OKPYMKaIlHe MOJEKyJh BO BpeMs HPOCTPAHCTBEHHOIO

%@% @20 729
0 9% Py e
@ g@ Oopd  Dybed

a) 6) 6)

Puc. 4.14. MrHoBeHHas (2), xoxneGatenbHo ycpenHeHHas (6) H AHbGY3HOHHO
ycpenHerHas (8) CTPYKTYPH BOJbL

nepemelnenyss AaHHo#l MoJjexyJiel. MoxHO HasBath D-ctpykrypoi
KHIKOCTH KapTHHY, HOJYYEeHHYIO B 3TOM MbICJIEHHOM OINBITE, — OHA
OyzmeT B KaKOW-To creneHyu ymopsnodenHoll. Takasa D-cTpykTypa ecTb
ycpennenne K-cTpyxTyp. ,

OuyeBHHO, YTO, NMPHMEHSs] pPa3JHYHBIE METOJBl HCC/IeJOBaHHs
¢ pasHbIMH BpeMEHaMH OINLITa T, Mbl OyAeM NosydaTs HHGOpMANHIO
O pasJHYHBIX THNax CTpPykTypsl —o M-, K- umau D-ctpykrype
(puc. 4.15). TepmonuHaMHyecKHe CBOHCTBA XapaKTepH3YIOT, ecTe-
CTBEHHO, D-cTpyKTYpy KHAKOCTH.

CkasaHHOe BBIlIe NPHMEHHMO K JIOGBIM (JYKTYHPYIOIIHM KOH-
JIEHCHPOBAHHBIM CHCTEMaM, B TOM YHCJE H K MakKpOMOJeKyj1aM
6eJIKoB,

Pentrenorpaduyeckoe ucciefoBaHHe XHAKOH BOAB AaeT QyHK-
LMIO panHasbHOro pacmpeneneHus (cM. § 5.1), T.e. oTHOCHTeJbHOE
cojepxKanue MOJIEKYJ, HAXOASIIHXCS Ha TeX HIH HHBIX PacCTOAHHAX
apyr or apyra. [Ipu remnepatypax ot 4 Ao 120 °C riaBHBIE MaKcH-
MyM 5TOl QyHKUHH NOCTeNeHHo cmemaercs ot 2,82 A no 2,94 A [46].
KoopnuHauyoHHOE 4YHCJO BO BCEM 3TOM TeMIEepaTypHOM HHTepBaJe
TpHOJIH3UTENBHO paBHO 4,4 (yKakeM JJis CPaBHEHHS, YTO B XXHIKOM
Ne u Ar xoopauHauuoHHBIE 4YHciaa paBHel 8,6 u 10,5 coorsercr-
BeHHO). Takum o6pasoM, BOJa KBa3HKpPHCTAJUIMYHA, KaXKiaas MmoJe-
KyJla HMEeT B CpefHeM yeThIpe cocena.
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D-cTpykTypa BOABI €CTb MpOCTPaHCTBEHHOEe cpeldHee ee K-cTpyk-
TYP, MJIs1 KOTOPBIX GbLIM Mpe[JoXKeHsl PasaudHble Moxeau. HeMerd
u Illepara [47] unTepnperdposanu panuanbHylo QYHKIHIO, cYHTaf,
YTO BOLA SBASIETCS CMEChI0 MOHOMEDHBIX MOJIEKYJ H BOLODPOIHO-
 cBf3aHHBIX poes (KJjacrepos). Pou HenpepweiBHO pacnajgaiorcs H
CO3Jal0TCA BHOBb, TAK 9TO B cpejHeM KaxKjas MoJIeKyJa HaXOLHTCS

D-empyrmypa s HK-cmpywmype  M-copyrimype
7, (Gois) 7
7, (26307) 7 (tode ) |7y (265)
7,

S

T %2 0 -2 =k <6 -8 ) A2 M

Penmeer amP
Teomodumaminy L JUSAERITIDUYEERET PEATRGOHUA s
Heynpyeoe paceesnue
PLaccesae clema V. Helimporal
N — i
Sloenoiene
7y | ———
Jrmeyn Koselamenseie
: CRERTIRSI

Puc. 4.15. BpeMenHnie HHTepBaJn (B Cex), COOTBETCTBYIOU[HE PA3JIHUHHIM MeE-
TOAAM HCCJENOBAHHSI CTPYKTYDH JbAAa H JKHALKOHX BORH.
‘FD—BpeMﬂ CMelieHUsA MOJIEKY JIHI, ‘ry—spemn ee Koneﬁamm, ‘ls—ﬂepHOA BaJIeHTHOT'O KoJle-
Gauua O—H, TR —BpeMsd 3JIeKTPOHHOTO JABHXKeHHd. JlorapudMutecKkuit Macmras.

BCE BPEMS B OHOM H TOM XKe OKpy:xeHuu. Camoiiios [48] npennoso-
XKHUJ, 9To MoHoMepnl HoO pacnmosaraloress B nycTOTax KBasHKpHCTal-
JHYECKON peureTkd, oGpa3oBaHHOH BOXOPONHBLIMH CBA3AMH (CM.
rakxke [46]). Tlonn [49] npeayoxua MOLENb ¢ «H30THYTHIMH» BOJIO-
POIHBIMH CBA3AMH. DTa HAeA Obljla HCIOJNB30BaAHA U B MOJEIH
Bepnana [50], cornacHo koTopoit cBA3aHHEIE MOJIEKYJH ¢ KOOPJHHA-
UHOHHHIM YucjoM 4 o6pasyloT B BOAe (B OT/IMYHe OT Jbaa) Hepery-
JSIPHYIO CeTKy, COCTOfIllyl0 H3 KoJjen. MHorue xoJbua coupepxkar
nsate Monekyn HpO (yron H—O—H 8 HyO Gausok k 108° — yray
B [PaBUJIBLHOM MATHYFOJNBHHKE), NPyrue — 4eTbipe, LIECTb, CEMb H
GoJipliree YHCI0 MOJeKyd. Bee atu Moneny B Goablied MM MeHblIEH
CTENeHH corjacyloTcsl ¢ HabuionaeMoll panuaibHON QyHKuueH pac-
npenenenns (cM. [41]). BuiGop onHolt M3 npejsioXeHHBIX Mopefed
noka 3aTpyIoHHTEJIEH,

OueHkHd sHeprufi BOLOPOAHON CBA3H B XKHUIKOH BOJE, MOJyYeHHbIE
H3 TEPMOAMHAMHYECKHX U CIIEKTPOCKONHUYECKUX AAHHbLIX, BAPBUPYIOT
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B WIUPOKHX npepenaax — ot 1,3 no 4,5 xxkaa/moae [41]. BeposTHo,
paubonee npapaonogoCHsl 3Havenus 2,5—2,8 kxaa/mose [51].

Bce onucaHHBe Mopesu MO3BOJSIOT HHTEPIPETHPOBATH CIELH-
(puueckve cBOACTBA BOABI , MPEXKE BCETro, 3aBHCHMOCTb YA JIbHOTO
cfbeMa OT TeMmepaTyphl NPUMEpPHO CXONHBIM OGpaszoM. MuHHMYM
yaensHoro o6bema npu 4 °C o0bsicCHACTCA KOHKYpPeHmHeHd JIBYX IpoO-
reccos. [lepBuifi — ocnabieHne wiau paspyuleHHe YHOPALOYEHHOI
JAbJONONOCHOH CTPYKTYPBI C MaJBIM KOOPAMHANMOHHBIM YHUCJIOM 4,
CONpOBOXKaMplneecs yMeHbllleHHeM OObeMa. ITO — NPOLOMKeHHe
nJjasjeHns. Bropoli nponecc — TepMuYecKoe pacuMpeHHe XKHUILKOCTH
BCJE[ICTBHE BO3PAaCTaHUsl aMILVIHTY] aHTapMOHHYECKHX MEXKMOJeKy-
NAPHBEIX KoseGaHuil. B Momenu cMmecyu MOHOMEPOB H poeB IpeAalnoJa-
raercs, 4To nocJeiHue UMeT OOJbIIHE o00BbeM, 4YeM BO Jbje. B Mo-
nenn CamoiioBa yMmenbliieHue o6beMa CBSI3aHO C 3alOJHEHHEM I1O-
JocTel pemleTK¥ MOHOMEPHBIMH Monekyniamyu. B mopenn Ilonna
narubaHue BOJOPOJNHBIX CBSI3eH MPHUBOAMUT K COJNMIKEHHIO COCEIHHX
MOJIeKYJl, T. €. K yMeHplleHHuo ofbeMa.

Hemeru u Illepara [47, 52] npeanosioXumad, 4To Kakias MoJe-
kyia HyO HaxomuTcsl Ha oHOM M3 ISITH ypOBHeH SHEPruH, 3aBUCA-
@M OT TOTO, CKOJABKO BOLOPOLHBIX cBsA3eH ona ob6pasyer — 0, 1, 2, 3
1M 4, OHY BHIYUCAUIY CTATHCTHUYECKYIO CYMMY TaKOH CHCTEMBI, BHI-
pasuB JI0M MoneKyJ, oOpasyoux 4, 3,2 BoLOpOLHbE CBA3H B POsIX,
yepes cpegHee YHCJIO MOJEKYJM B POe H uyepes JLOJIO MOJEKYHA C Ol-
HOH cBfA3bi0. PosiM npumucelBaeTcsl MOJSPHBIN oObeM u Ko3(pdH-
HUEHT pacIiupeHus JAbLa. DTH BEJAUYHHB! [/151 HECBA3AHHBIX MOJIERYJ
ONpeNeNsoTcss H3 3KCOepUMEHTAaJbHBEIX 3HaYeHHH MOJIEKYJSPHOro
o6wema xkunkoctd npu 0, 4 u 25 °C. Okazanioch, 4TO BBHIYMC/IEHHBIN
MOJIEKYJAPHBEIE 00BbeM NeHCTBUTEIbHO uMeer MUHHMYM npu 4 °C;
xopollee coBnazeHue ¢ onbIToM noaydedo u 111 DoO. Onnako Takue
MOJIeTH CMeCH 4eTKO PasfHyaloliMXcsl BHIOB BOLB He COIVIACylOTCs
¢ PALOM cheKTpocKonmHuyeckux (akToB. B uacTHOCTH, 3TH (axTh
IPOTHBOPEYAT BO3MOKHOCTH NPHUITHCATL POAM JbAONOLOGHYIO CTPYK-
typy [41] [lo-BHpuMoMy, cyLlecTByeT LIMPOKOE, NpaKTHYEeCKH He-
npepeiBHOe pacnpenesnende CTpyktyp Boasl. CooTBercTmYIOINas]
KOJIMYECTBEHHAs TEOpHsl ellle He MOCTPOeHa. .

CHIpHHKOB BOCHOJIB30BAJICS METOLOM Teopu# rpadoB 115 BEIYHC-
JIEHUS CTATHCTHYECKOH CyMMBI LA XKuaxoil soasl [172] 3rtor Tomo-
JIOTHYECKH I MeTO]| TIO3BONSIET YYECTh COCTOSIHUA KaK CBOOOIHBIX MO-
JIeKyJl, TaK H COCLHHEHHBIX BOLOPOAHBIMH CBA3AMH. MeTox oxaswl-
BaeTcs INPHMEHUMBIM K HCC/ACLOBaHHIO BJAUAHHA PacTBOPEHHBIX
semiects. [lonHBIe KOJMW4YecTBEHHbIE pacyeTsl TPeOYIOT 3HaHUA Be-
posTHOCcTel 0O6pa3oBaHus BOLOPOMLHHIX CBfi3ell, KOTOPbIE ITOK4 Heus-
secTHBl. Tem He MeHee Meron ChIpHHKOBa NpeiaCTaB/ASeTCd MHOro-
06eniaomum,

B paGote [173] nposeleHo TeopeTHueckoe MOLEJNBHOE HCCIELO-
RaHHE CTPYKTYp, OOpas3yeMhlX TBEpABIMH MOJEKYJNaMH ¢ 3aJaHHBIM
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HOTEHIIHAJIOM, ONMHCHBAIOMUM 0o6pa3oBaHue BOAOPOAHHX cBa3el. [To-
JIydeHa MOJeJb, YIOBJIETBOPHTEIBHO BOCIPOU3BOASAIIAS DAL CBOHCTB
KHMIKOCTM M IIpHUMeuaTelbHasi CBOMM OTJIHYHEM OT JbJAONOZOOHOH
CTPYKTYPHI.

B pa6ore [174] TepmMonMHaMHuecKHe CBOHCTBA BOJH BHIYHC/S-
JUChL ¢ IOMOIblo Merona MoHte-Kapno Ha ocHOBE aTOM-aTOM IIO-
TeHIManoB Kurafiropoxckoro. Jlasi BOLOPONHOA CBS3H NMPUMEHSICH
norennuan Mopse, 3Heprusi BOXOPOXHOH CBS3H MpHHMMAaNach PaB-
Hol 5,5 Kkaa/more. Pacuerbl TepMonvHaMHYecKMX QYHKuMH, Ipo-
BefleHHble aJa teMmuepatryp 300; 320 u 350 ° K, nanu pasymHoe co-
rJacve BHIYMCJAEHHBIX H H3MePeHHHIX 3HaYeHHH BHyTPeHHeH 3HEepru,
TeIIOEMKOCTH M CBOGONHON 3Hepruu. Meron [aeT BO3MOXKHOCTB
HalTH pacriosiokeHHe H opueHTanuio moaexyn HeO B skupxocru.

OcTaHOBUMCSl B 3aK/JI0UEHHE Ha 3JEeKTPHYECKHUX ¢BOACTBax BOMHL.
Donbinasi BeJMYMHA ee JIU3JIEKTPHYECKOH IIPOHHIIAeMOCTH OObsc-
HSETCSl He TOJNBKO MOJSIPHOCTBIO OTZAEJIbHBIX MOJIEKYJ, HO H Koppe-
JAANUSIMH HX B3aMMHOH opHeHTanuy [63], T. e. HalMUHeM BOLOPOMHBIX
cBsAzell. Manasi 3JeKTPONPOBOLHOCTb BOABI, NO-BHAHMOMY, OIpefie-
JsieTcsl NPUCYTCTBHEM HHMYTOXKHOro yuciaa (2-107°) cunabHo ruppa-
THpOBaHHHX HOHOB H* u OH™ (Hs07 u np.). VicenenoBatue nonBn-
socti uoHoB H+ u OH- moxkasano, 4yTo I/is HHX OHa CYLIECTBEHHO
Gonbuie, yeM IS APYrHX ONHOBaJIeHTHBIX HOHOB B Bome. Jns H+
u, = 3,62.103, gns OH- u_ = 1,98-10-3 cm2.81-cex’!, .Torna xax
nasg Nat u, = 053103 u gaa Cl- u. = 0,79-10-8 cm2.g-1-cex .
310 MOXHO OOBACHUTH CIIOCOOHOCTBIO BOLOPOIHBIX CBsizell obJer-
4aTh OGBICTPBHIA IIepeHoC IIPOTOHOB IO TlelH MOJIEeKYJ BOJIBI
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HMonruxtuocts HoHoB H* u OH- Bo abjge Gouibiile, TaK Kak B HEM BO-
JopoaHble cBsi3H Goslee ynopsinouenn [41, 44, 54].

§ 45. NEPEXOAbl CAIHPANL — KJIYBOK

PerynaspHbe xoHGOpManHH MNOJHIENTHAHHIX IleNel, cTaGHAH30-
BaHHBEE BOLOPOJHBIMHM CBSI3AMM (Tpexpie Bcero, a- H B-Gopml),
YCTOHYHMBHI JIHIIb B ONIpeJeNeHHBIX ycaOBHsAX. Mamenenue remiepa-
TYpH, pacTBopHTens, pH cpens mpHBOAHT K nepexofaM MOpALOK —
6eclopsAllOK, K IIpeBpallledHIO PeryaspHol KOH(QOPMANHMH LIl B cTa-
THCTHYECKHN K1yGoK. JTH mpomecch yjo6Hee BCEro M3yyaTbh B MO-
JedbHBIX cHcTeMax — CHHTEeTHUeCKHX IIOJTHaMHHOKHCIIOTaX.





