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B cocTosiHMM 0THOATOMHOTO T'a3a CTA0WUJIbHBI
uHeptHeie razel He, Ne, Ar, Kr, Xe.
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Pa3JIMYHBIX aTOMOB — XUMUYECKAsI CBS3b.

MOnekynkl
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HaHOTYOKA  HaHOYacTHLE!
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XMMHUYECKOe MPUMEHEHNE POTAKCAHOB

Science 2025


https://doi.org/10.1126/science.ady6054

PazyMmeeTcs, XuMuueckas CBsI3b B KaT€HAaHAX W POTAKCAHAX €CTh,
KaKk MUHHMYM, B Koibmax u / uimm porope. Ho camo Ha3panue
MIPOUCXOAUT W3 — 3a TOTO, YTO B3aUMOACHUCTBUE MEXKIY YaCTIMHU
TaKMX «COCTABHBIX» MOJIEKYJ SABJISICTCS OYEHb CIIA0BIM.



OOBLWwmne NornoXXeHus

XumMmunyeckas cBsisb — 3TO COBOKYNMHOCTb CwU’l, yaep>XXnesakLLnx
BMECTE ABa U HECKOJIBKO aTOMOB UMK MOHOB.

XUMUYeckas CBsidb — 3TO pe3ynbTaT O4HOBPEMEHHOIO
LENCTBUS MPUTSHXKEHUS 1N OTTanNkuBaHusa coOnmkarLLmMxcs
aToOMOB

[lpumsixeHue — a) 3NeKTpocTaTn4ecKoe B3anMoaencTBmne Mexay npoTUBOMNOMOXKHO
3apsKeHHbIMU MOHaAMU U YacTUYHbIMU (3P deKkTUBHbIMUK) 3apsgamu, O)
3NEeKTPOHHOE B3anmMoaencTemne ¢ obpasoBaHmeM CBA3bIBAOWMX opbuTanen, B)
AVCNEPCUOHHbIE (ANMNOSbHbIE) CUMbI.

OmmarnkusaHue — a) 3NeKTpocTaTM4eCKoe B3aMmoaencTeme 0gHOMMEHHO
3apsHKEHHbBIX MOHOB U YacTUYHbIX 3apsaoB, O) anekTpPoHHOE B3anMoa4encTeme
3aMKHYTbIX 0O0NOYEK, B) AneKTpocTaTtuyeckoe oTrankmsaHme coOnmamnBLLMXCA saep.



[TapameTpbl XUMNYECKOU CBA3N

1. AnnHa cBA3n ’ .
’ &
2. BaneHTHbIN yron "t
® « ©
3. DHeprus ceasu E=-D

4. PacnpegeneHune e-nnoTHOCTU

Internuclear
6' separation—»>

Energy —>

OnTumanbHas AnvHa CBA3N U
noTeHuunaribHas SHeEPrunsa MoneKkyrbl

Figurs 2.5



Cwunbl, 00beguHAKLNE aTOMbl B MONEKY bl

1. OnekTpocraTuyeckme B3anmMonencTBus:
B3aUMOAENCTBUSA 3apsoB

2. KoBaneHTHble B3aUMOAENCTBUS:
nepepacnpeaeneHne anekTPOHHON NNOTHOCTH

3. lnnonbHoE B3anMoOAENCTBUE:
BaH-4Eep-BaanbCoBbl CUMbI

1 * WOHHaA CBA3b
» KoBaneHTHas cBA3b
3 » BaH-pep-BaanncoBa cBA3b




v

IIpuBeaeHHas Ki1acCU(UKaAIU, pa3yMeeTCs, IBISETCS YIPOILIECHHOM.
MHoOrHe CBA3M B PEAIbHBIX COCAUHECHUIX HE SBJISIOTCA «UYUCTBIMM.
MHOTrHe MOHHBIE CBSI3U UMEIOT «BKJIA/I» KOBAJICHTHOCTH, BOAOPOIHAS
CBSI3b MOJXET OBITh 3al0A03pPE€Ha B HCIIOJb30BAHUM HJOHOPHO —
AKLETITOPHBIX B3aUMOJICCTBUH, BAHJIED — BAaaJIbCOBBIX
B3aNUMOJCUCTBUHA MHOI'O Pa3HbIX THUIIOB, METAJUIMYECKAS CBSI3b YEM —
TO CHJIBHO MOXO0Ka Ha HOHHYK, HO HMMEET CBOM OCOOCHHOCTH,
MHOTOIICHTPOBBIE MHOT'ORJICKTPOHHBIC CBS3M BOOOIIE HE BIIOJHE
BIIMCBIBAIOTCSI B TCPMHUH «KOBAJICHTHAS CBS3bY. ..



PacnpegneneHne af1eKTPOHHON NNOTHOCTU

XuMnyeckas CBA3b XapakTepusyeTcsa pacnpeseneHnem
3NEKTPOHHOWN NMIOTHOCTU BONU3K aaep, obpasyroLmnx Monekyny

PacnpegeneHune anekTpoHHOW NMIOTHOCTU ONUCbIBAETCSH
ypasHeHuem LLpeaunHrepa

HY = EY

Onepartop NamunbTOHA
(raMunbTOHUAH)

H = (h2/872m)-(62/0x2 + 82/0y? + 021022

PewwwuTb ypaBHeHue LLpeanHrepa — Hantu Y n 3HaueHue eé E

To4yHOoe pelueHne cyLecTByeT Tonbko Anga H.*
[1ns 6onee CnoXHbiX CUCTEM — BbIOOP NpUbnmKeHumn



KoBanieHTHas CBsA3b

MeToabl onucaHns KOBarneHTHON CBA3N:

MBC‘/\‘MMO

MeToga saneHTHon cBa3n  (Jlbtonc, MNonur, JloHaoH, MNautnep, Cnantep)

OBLmn Noaxoa:
BonHoBas dhyHKUUS SNEKTPOHHOWU Napbl €CTb HanoXeHue

BOSTHOBbIX (PYHKLUNN OTAENBHbIX PparMeHToOB

Py = Pra1)0rp(2) + Pra(2) Prp(1) I
el

ey

WHAUBUAYarnbHbIE B3aUMOENCTBNE



KoHuenuus Jibronca

CornacHo Jlbroucy:
KoBaneHTHas cBsi3b obpa3syeTcs, eCnn ABa COCEAHUX aTOM@ Tyueepr Heioron

JIprouc, B 1916
NMEIOT ODLLYIO 3NEKTPOHHYIO napy

A-B 1 anekTpoHHas napa OAVHapHas CBA3b
A=B 2 3NEKTPOHHbIE Napbl ABOMHas CBA3b
A=B 3 3NEeKTPOHHbIE Napbl TpoOuHas CBA3b

[pacthuyeckoe npeacraBneHune:
H XX
CTPYKTYpbI Jlbtonca ol —S—0



KoHuenuwus Jlbonca

[1paBuno oKTeTa:
Ka)kabin aToM 00beANHAET 3NEKTPOHbI C
coceHMMKN aToOMaMn, CTPEMSACH K AOCTUXKEHUIO
8-2NeKTPOHHOW BAaNEeHTHOW KOHJUrypawuumm

HacbhlLLaeMmoCTh CBSA3U:
[MogeneHHble 3NEKTPOHHbIE Napbl 00pa3yTcs
A0 TEX Nnop, NokKa He peanuayeTcs OKTeT
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Pe3oHaHC

Bcerpga nu BepHa
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OOpa3oBaHHE KOBAJICHTHOM CBS3U 3a CYET «OOOOIIECTBICHUS
AIEKTPOHHOM aphI BOCXOJIUT K (yH1aMEeHTaIbHbIM
KBAHTOBOXMMHYECKUM orpanndeHusM (IIpunuumny Ilaynum), cornmacHo
KOTOPOMY JBa M 00Je€ TOXKIACCTBCHHBIX (PepPMHOHA (YaCTHIBI C
HEICJIOYUCIICHHBIM CIIMHOM) HE MOTYT OJHOBPEMEHHO HAaXOIWUTHCS B
OJIHOM M TOM K€ KBAHTOBOM COCTOSIHHUM. M3 3TOro ciemayer, 4To ecliiu
CIIMH Pa3IN4acTCs, TO TaKas AJICKTPOHHAs Iapa MOXXET HaXOAWUTCS B
OJIHOM M TOM K€ MECTE€ IIPOCTpaHCTBA. TakuM 00pa3oM, SJIEKTPOHHAS
mapa MOKET DJICKTPOCTAaTUYECKH CBA3BIBATh ABa aroMa, (hOpMHUPYS
JIBYXIICHTPOBYIO JIBYXAJICKTPOHHYIO KJIACCUUYECKYI0 KOBAJICHTHYIO,
CBA3b. HO HUKTO HE 3amnpemaect, HanpuMep, 3JIEKTPOHHOMW mape
CBS3bIBATH  TpU  aroMa  (TPEXILEHTpOBas  JBYXDJICKTPOHHAS
«0aHaHOBas» CBSI3b B AUOOpaHE).
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[ MNnepBaneHTHOCTb

Monekynbl, Ana o6pa3oBaHUsA KOTOPbIX HELOCTATOUYHO
BaneHTHbIX opOuTanen UeHTpanbHoro atoma, HasblBaloTCS
runepBaneHTHbIMM.

z PF;

e 4

T T3 sp°d
/ TpUroHanbHas
5F | Bunupamunga

SFg

sp3d?

oKTasap




BBeneHne «runepBajeHTHOCTH», CKOPEE, SIBJISICTCA HE PA3BUTHEM U
COBEPIICHCTBOBAHUEM ITOHATHUSI «KOBAJICHTHAS CBSA3b», 4 HAIIPOTUB,
KAJIKOM  TIONBITKOM  OINpaBIAaTh €€  CYIIECTBOBAHUE.  IJTO
CIIACUTEINIBHBIA (M TO JTAJIEKO HE JJIA BCEX CIy4YaeB) TPIOK, YTOOBI
OCTaBAThCS B KOHIICIIIIUH «KOBAJICHTHOM CBSI3W.



[Tonapn3yemocCTb CBA3N

Koraa xumunyeckasn csssb obpasyeTcs Mexay aneMeHTamu ¢ pasHou
3NEeKTPOOTPULATENbHOCTbIO, 3NIEKTPOHHASs NMOTHOCTb MEXAY aToMamu
CMELLieHa B CTOPOHY Bonee anekTpooTpuLaTenbHoro atoma.

Takas cBs3b Ha3bIBAETCHA MNOSISIPHOMN.

MepepacnpeaeneHne aNeKTPOHHOW NIOTHOCTM NPUBOAMWUT K

BO3HUKHOBEHWIKO HYaCTU4YHbIX 3apPAL 0B Ha aTtoMax
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KoBajieHTHAaA MeTajajandeckas

HNonnasa cBaI3b p— CBSI3E

N/

IHonsipuas Jlesoxanu3oBaHHas
CBA3b CBA3b

d oI +e I, 3B, k/:x/MoJb)

d+e > I E (x:k/Mo0JIb)



[10HOPHO-aKLENTOPHOE B3aUMO4ENCTBUE

[JOHOpPHO-aKUEenTopHbIM Ha3blBAaETCHA B3aUMOLENCTBUE
HenogeneHHoOn 3NEKTPOHHOU Napbl aToMa O4HOU MOSEKY bl CO
cBoboaHOM opbuTtanbio atoma Apyron Monekynbi.

H—N: + BT—F = H— N—BF
g N A -l F

LOHOP NpeaoCcTaBnAeT AMEKTPOHHYIO napy,
akuenTop — cBoboaHyto opbuTtans

NH, + H* — NH,* H,O + H* — H,0*



TepMUH «IOHOPHO — AaKIENTOPHAsA CBA3b» BbIPAXKACT JIUIIb
criocob ee (QopMUpOBaHHUS, KOTOPHIM BO3MOXKEH JIMIIL JIJIs
ONpEJICIICHHBIX KOMOMHAIIMK XHUMHYECKHX AJI€MEHTOB. B 1emnom,
HEBO3MOKHO HAWTHU €€ OTIIMYUU OT OOBIYHOM KOBAJIEHTHOM CBS3H.



HepocTtaTtkm MIBC

He paccmaTpuBaeTtcs cBs3b, obpa3oBaHHas 4PYyruM YNCNOM
SMNEeKTPOHOB
H,*
Henb3a 06 bACHUTD MarHUTHbIE CBOUCTBA MONEKYI
O,
Henb3sa npeackasatb U 00BbACHUTL CNEKTparnbHble CBOUCTBA
MOMEeKyn
CH,
Henb3s npaBunbHO MHTEPNPETUPOBATL rMNepBaneHTHbIe

coeanHeHns
PF,



MeTopn monekynsapHbeix opoutanen (MMO)

(MannukeH, XyHa, Xiokkenb, XoddpmaH)

OCHOBHbIE NONOXEHUS:
opbuTanbHasa annpokcumaums, NMHenHas kKombnHauus

1. OpbuTanbHasa annpokcuMmaums

V=01 Q2 93 ... Py

BonHosasa doyHkumus N-aneKTpoOHHOU CUCTEMbI €CTb NPoAYyKT N
OAHO3MEKTPOHHbBIX BOMHOBbLIX (PYHKLNN

J

Kaxkabiv ANEKTPOH ABWXETCA B NOJi€ OCTalIbHbIX 3NTEKTPOHOB U

BCeX aaep (pacnpocTpaHeHne KBaHTOBOMEXaHNYECKUX 3aKOHOB
Ha MOMEKyny B LEnom)



MO-JIKAO

2. MonekynsapHas opbuTtanb eCcTb NMHenHas kKomobuHaums
aToMHbIx opbuTtanen (MO-JIKAO)

/= CoQa *+ C0p
Ansa nodon monekynbl yucno MO pasHo uucny Bcex AO

(c)? — mepa yyactus i-on AO B gaHHon MO

| (0;|> — BEPOATHOCTb pacnpeAeneHns aNeKTPoHa i-ro atoma B Morneky e



CeasblBatoLwme n paspbixnawowme MO

[na monekynbl H,

1) €2 + cg% = 1; Ch=Cg=1
Y, = oa T Qg cesasvisarowas MO

2) Gt +egr =1, Cp=1,cg=-1

¥ =) — Qg paspbixnaowas MO

CaAsbiBaHWE: NONoXuTenbHoe nepekpbiBaHne AO
KOHCTPYKTUBHas nHTepdepeHumns

Paspbixnenne: orpuuarenbHoe nepekpbiBaHune AO
AECTPYKTUBHAA UHTEPdEPEHLMSA



Ounarpamma MO monekynbl H,

Shriver & Atkins Inoeganic Chemistry, Fourth Edition
O 2006 by DLF Shrvee PW Arcme L1 Owerton, LP Rourke, M T Neller and £ A Armatrong

K.C.=(n, - n,)/2; =1 (H,)



MO monekyn n noHos 1ro nepuoaa

Micnonb3ytoTca npasuno XyHaa v npuHumn MNaynu

H,* H, H.-
26 (6*)  — +
loloe + T
K.C. YV 1 12
d, A 1.06 0.74 1.12
E, 255 435 142
k[>k/monb

1. OddekT paspbixneHns
2. OdhdekT 3apsna

4

' E
He,*

I
o4

V2 0
1.08 -

230 -

Hyt <= Hy
M5~ == He”



Obpa3oBaHne c U T CBA3N

(C yyeTom B3aUMOAENCTBUSA S U P aTOMHbIX opbuTtanen)

[MNepekpbiBaHne AO
c obpasoBaHueEM

Ppure 313
o

Chevwnery.

T T W P ETTE [ —

Cxema obpasoBaHus

cBsasbiBawowen T MO B
pesynbTaTe NepeKkpbiBaHNS
aByx p AO




MO monekynbl F,

Tonbko BaneHTHble opbutanu !

a A
F, 2 atoma F (2s22p°) o W :
v y
! o®+oc 2MO
@ 5, +a,*  2MO
v v
My + Ty, 4MO

Bcero 8 MO, 14 e



Onarpamma MO monekynsbl F,

F2
F F
20
2 » ZGU = O'Z*
A 4] 4l o = *
v Iy g 17[9 - ng
2p 2p
= %
bt Al 4] . -
g T R— 1TE7,
w g fl el - CB
: ¥ il 209 - O'Z
o
u 4| " = *
¥ > 16, = 05
2s 2s
4 - — CB
v » 10, =0

Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F. Shriver, . W. Atkins, T.L. Overton, J, P. Rourke, M. T. Weller, and F. A. Armstrong



CpasHeHune gnarpamm MO F, u N,
F2 N2
!

20,
zp . 2p

n 10'
) n

K.C.=1 K.C.=3

Figure 2-18
Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F. Shriver, P. W, Atkins, T. L. Overton, J.P. Rourke, M, T. Weller, and F. A, Armstrong

13!

il

Energy —
Energy —

Figure 2-14
Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F. Shriver, P W, Atkins, T.L. Overton, J. P.Rourke, M. T. Weller, and F. A. Armstrong




OcobeHHocTn MO anemeHTOB 2ro nepuoga

Lii Be, B, c, N, o, F,

Energy ——




OOparuTe BHUMaHHE Ha B3aMMHOE PACIOJI0KEHHE YPOBHEH B V
CIy4dae a30oTa M KHCJIOpPOJa, KOTOPOE BO3HUKAET B CHITY
YBEJIMYCHHUS TMOPSAKOTO0 HOMEpPA BJIEMEHTA M, COOTBECTBEHHO,
3apsaga  sSapa  arTOMOB B IEPHOJIE, B3aMMOICUCTBYIOIIUX
NMEKTPOCTATUYECKH C DIICKTPOHHOU OOOJIOUKOM.

He

T

9 Q 9 ® ? F) 2 °
: Li Be B C N 0 F Ne
® ® 6 o o o o o
Na Mg Al Si P S Cl Ar

Panuycm dTOMOB YBEJIH'IMBAKOTCH

K Ca Ga Ge As Se Br Kr

Rb Sr 1 Sn Sb Te I | Xe
QOO O 0 0 0 o

Cs Ba T Pb Bi Po At Rn

n
1

<

Pa,uuycu aTOMOB YMCHBLUIAIOTCAH



OcobeHHocTn MO anemeHTOB 2ro nepuoja

Monekyna e KoHthurypauma K.C.
Li, lo 1
Be, 10,2107 0
B, lo.* 1o,= 1n,” 1
C, 16,2 16,2 17,° 2
N, la 1o, 15, 20 2 3
O, le.* 19,° 20~ 1n* Tmy? 2
F, 1o 10,2 26,2 15,* 1m4* 1
Ne, lo 10, 205° 1% 1" 20,2 0



OcobeHHocTn MO anemeHTOB 2ro nepuoga

Monekyna e KoHthurypauma K.C.
Li, lo 1
Be, 10,2107 0
B, lo.* 1o,= 1n,” 1
C, 16,2 16,2 17,° 2
N, la 1o, 15, 20 2 3
O, le* 19,° 20~ 1n* Tmy? 2
F, 1o 10,2 26,2 15,* 1m4* 1
Ne, lo 10, 205° 15 Tn,* 26,2 0



napaMarHVlTHble MOJIEKYJIbl U NOHDbI
O," O, O, O,*
26

u

171:g

— 4+
o H |

2% W | W
o, H | H 4
e, | H H
KiC. 2 2 1.5 1

d, A 1.42 1.21 1.32 1.49
E, 629 494 394 210
k[>x/Mmonb

HeBo3moXHO 0bbsacHUTL n3 MIBC !



[ eTepoaTOMHbIE MOSEKY b

H1ls 30 Mainly H Monekyna HF
AQ: 1s (H), 2s (F), 2p (H)
Bcero 8 BaneHTHbIX €

[TepekpbiBaHUE opbuTtaneun:
1s + 2s + 2p, (O TUN)

Energy—>

He y4yacTBYOT B NEPEKPbIBAHUMN:

2py + 2py (T TMIN)

Mainly F 2s(F), 2p(F) Hwxe no E, yem 1s(H)

€ NIOTHOCTb CMELLEeHa k aTomy F

Figure 2-21
Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F. Shriver, P W. Atkins, T.L. Overton, J. P.Rourke, M. T. Weller, and F.A. Armstrong
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N303neKTPOHHOCTb MOMEKYI

Mornekynbl, UMerLmne 04NHaKoBOE YUCNO
3NEKTPOHOB Ha OAMHAKOBbLIX opbuTansx,
Ha3bIBAKOTCA N303NEKTPOHHLIMMU

OnaK.C. =3 E = (k[x/monb)
CN- CcO NO* N, C.*
896 1069 1046 946 811

Energy—s>

KC.=2
C,* N, C, O,
598 409 627 494

KC.=1
0,* N,* B, F,
e e 210 163 287 159

© 2006 by D.F. Shriver, P. W. Atkins, T.L. Overton, J. P. Rourke, M. T. Weller, and F. A. Armstrong




bananoBas cBs3b

B, Annbanading B,

o : W
A ----------- —— B
B;

BY™ non-onging”

MO AO



IlOHHasa cBA3b

OHHas cBSi3b 3TO B3aUMOAEUCTBME NPOTUBOMNONOXHbIX 3apsA0B
Na-e = Na* Obornouku
Cl+e =CI NHEPTHbIX ra3oB

XapakrepucTukyu NOHHOW CBA3MW:

E = (Z,1Z.]-€?)/r
1) HeHanpaBneHHOCTb

2) HepedhopmunpyemocTb aneKTPOHHbIX 06onoyek
3) 3Ha4YMMOCTb KPUCTanM4yecKkoro CTPOEHUs:

EKpMCT = A(|Z+||Z_|e2)/r

A — kOHCTaHTa MagenyHra



KoHcTaHTa MagenyHra

Kpucrannunyeckas KoHcTaHTa MagenyHra 3aBUCUT TOMbKO
cTpyktypa NaCl OT B3aUMHOIO PaCnonNOXEHNs aTOMOB
O——— Ng B KpUCTannu4yeckon CTpyKkType

BenunuuHbl koHCTaHTbl MagenyHra
CocraB A K.\.
CsCl 1.763 8:8
CaF, 2.519 8:4
NaCl 1.748 6:6
TiO, 2.408 6:3
ZnS(s) 1.638 4:4

ZnS(w) 1.641 4:4



JHePrusl KPUCTALIMYECKON peleTKH

Na_+ Cl. - (NaCl),, E,
AH,
Na . + %Cl, (Na* + CI),;
ECI Er
VaAH |, (CL) Cl. Cl-—
AH,,,.(Na)
. -

r

r




BaH-aep-BaanbCoBbl CUSbI

BaH-agep-BaanbCoBbl CUSMbl CYLLECTBYIOT BCErga Mexay atomamu
N MOneKynamu, HoO MOryT ObITb NPEHEdPEXMMO Marbl NPw
HaNM4YMM UMOHHbBIX UM KOBarNeHTHbIX B3auMoaEeNCTBUN

Tpw TMna BaH-Aep-BaanbCoOBbIX CUN:

1) Ounonb-annonbHoe NPUTSXEeHne

B3aUMOAENCTBMNE NOCTOAHHbIX AUNonen
2) WVIHAYKUMOHHOE NpUTSXKEHUE

B3aUMOAENCTBUE NOCTOAHHOIO U HAaBEAEHHOrO AUNONeun
3) [AncnepcuoHHOE NpUTSXKEHUE

B3aUMOAENCTBNE MIHOBEHHbIX AUNONEN
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KpacuBbii 3KCIEPUMEHT, ITOATBEPKIAIOIINKA CYIIECTBOBAHUE
«MTHOBCHHBIX JHUIIONEH» - 00pa3oBaHUE >KUAKOIO HHEPTHOTO
raza npy oxXJIaXXJICHUM, HallpUMep, aproHa, KOTOPbIM HE 00Opa3yeT
HUKAKWE CBSI3M B MNPHUPOJEC, KPOME BaH-IE€P-BaaIbCOBBIX.
Pazymeercs, knaccu4eckui 00pa3 MHOKECTBEHHBIX BOAOPOIHBIX
cBszerl (M «dddekra ['yanmuBepa») — siepulia TEKKOH, KOTopas
MOYKET 3aBHCaTh HA JIIOOBIX, B TOM YHCJIEC IMAJIKUX, IIOBEPXHOCTIX
OJ1arosiapst 0CoOOOMY CTPOMCTBY JIall.



CtpoeHue nan rekkoHa ([K. Autumn, et al. American Scientist, 2006, 124] )
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JIAOMIBH. a E, Ey E, T
MOMEHT | (IOJIsIpu3ye-
Ki-m MOCTB)
H, 0 0.20 0 0 0.17 | 20.2
Xe 0 4.0 0 0 18 167
HCI 3.4 2.0 3.3 1.0 17 188
NH, 5 2.2 13.2 | 1.6 15 240
H,0 0 1.5 36 2 9 373

ATOMHBIC U MOJICKYJIAPHBIC KPHUCTAJJIbI




CraHupywuias TYHHeJIbHAast MUKPOCKONIUSA

Y 1981 coszpanue nepsoro CTM, noryueHne aToMapHOTO
; S '-. | pazpemienus (IBM, Hropux) - 1986 (HoGeneBckas
S npemus)




BoaopoaHasi cBA3b
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JIJist BOIOPOAHOM CBSI3M HEOOXOAMMO HAJIMYME JBYX MOJISIPHBIX KOBAJCHTHBIX CBSI3EH, B
oOpa3oBaHMM OJHOW W3 KOTOPBIX Yy4yacTByeT aroM Bojopoaa, a Jpyrou -
AIIEKTPOOTPHUIIATEIILHBIA aTOM (KHCIIOPOJ, a30T, rajioreH). BogopoaHasi CBsI3b CUMTAETCA
KJIFOYEBBIM B3aMMOJICUCTBUEM B CyNpPaMOJEKYISIpHONM XUMHUU. OHA ONMPENETseT CTPYKTYPY
OenkoB, nBoiHOM crnupanu JIHK, Boapl M nbna, cynpaMoieKyJSIpHBIX aHcaMOIei,
MOJIMMEPOB, OKa3bIBAET BIUSHUE HA CBOMCTBA MHOTHUX PACTBOPOB.

DHeprusi MeHsieTcsd B IUpOKuX mpenenax - oT 5 g0 100 x/[x/Moib, ogHaKO OOBIYHO
BOJOpPOAHAsA CBSI3b HAMHOTO Cj1a0€e KOBAJCHTHBIX CBA3€. B 3aBUCHUMOCTH OT SHEpruu,
BOJOPOAHAS CBA3b UMEET PA3JIUYHBIA XapAKTEP - OT YUCTO ANEKTPOCTATUUECKOTO (Ccialdbie
CBSI3H) JI0 IPEUMYIIECTBEHHO KOBAJEHTHOTO (CHUJIBHBIE CBSI3H).



Kiarparsl

6.5 Cl, * 46 H,0



MeTaajanuyeckKkas CB3b

a Electric
field
Metal
sphere J f 3

—
=]
L

\ * y
Elartran
ciecuon
cloud
- * . . .
. - Lot o o
R e o B % » e 4
. 4 .
.
. .
»
’
Ry &

0.5 4

Normalized Abs

300 400 500 600 700 800 900
Wavelength (nm) I

9HIBIVBVBYVIBVHB
K |Ca|SciTilVv]Cr[Ma[Fe

-r L e

Rb|Sr| Y | Z¢ Nb/Mo Tc=nu1hh :

ey !

Cs{Balla|Hf | Ta| W

R. Dornhaus. Festkérperprobleme. 1982. XXII. 201-228. 53
R. Alvarez-Puebla, et al. Small. 2010. 6 (5). 604—610. T. Huang, et al. J. Mater. Chem. 2010. 20. 9867-9876.




K 0COOEHHOCTSIM METAJNIMYECKOM CBSI3M OTHOCHUTCS HaJIU4He
BBICOKOW KOHIICHTPAILIMX OTPHULATEIIBHO 3apsKEHHBIX HOCHUTEIIEH
3apsjia — DJIEKTPOHOB, (POPMHUPYIOMIUX «DJICKTPOHHBIN Ta3y,
AIEKTPOCTATUYECKH YIICPAKUBAIOIIX MTOJIOKUTEIILHO
3apsHKEHHBIM OCTOB M3 ABTOMOHU3UPOBABIIMXCS aTOMOB METAJLIA.



v

XUMHUYECKHE  B3aUMOACUCTBHUS  (XHUMHYECKHE  CBSI3M) B
CYIIECTBEHHOM CTENEHW 3aBUCIT OT MPUPOABI  aTOMOB,
GOopMUPYIOIIUX MOJEKYJIy, B TOM 4YHCJIE€ OT HX paauyca Hu
3JIEKTPOHHOTO CTPOCHHUS.

IIpunstas kiaccuukamyuss XHUMMYECKHX CBS3EM  SBIISICTCSA
UJICATTM3UPOBAHHOM, OJTHAKO, B 1I€JIOM, BEPHO OTPAKAET OCHOBHBIC
0COOEHHOCTH U3BECTHBIX XUMHUUYECKHUX B3aUMOICUCTBHUIA.

OCOOCHHOCTH XHMHUYECKHUX CBA3€M B CYIIECTBEHHOW CTEIECHU
OPEIOIPEACISAIOT CTPOCHUE U KOMIUIEKC XUMHYECKUX, (DU3UKO —
XUMHUYECKHUX U (DU3NYECKUX CBOVMCTB BEIIECCTRBA.



