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[lodemy cyLecTBYIOT KpucTtannbl?

* OTBET: 9TO BbIFO4HO C TOYKU 3PEHNSA SHEPTUN

CpaBHUM NOSIHbIEe 3HEePrun B 3TUX ABYX
cny4asx

EN N

A KakK Xe KynoHOBCKoe
B3anmogencrTeue?



e KoBASI@HTHAA CBA3b

Bonding orbitals (OT naT. CO — «COBMECTHO» U vales — «nMetoLuni
—————————————————————————————————————————————————————————————— CUNy») — Xummuyeckas cBasb, obpasoBaHHaA NEPEKPLITUEM
H (obobuiecTBNEHNEM) Napbl BalEHTHbLIX (HaXoasLWNXCs Ha
BHeLHen 000onoyke atoMa) ANeKTPOHHbIX 00nakos.
He H H He
He,
Li ¥
f +F



https://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
https://ru.wikipedia.org/wiki/%D0%92%D0%B0%D0%BB%D0%B5%D0%BD%D1%82%D0%BD%D1%8B%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BE%D0%BB%D0%BE%D1%87%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%BB%D0%B0%D0%BA%D0%BE

MeTog NMHEMHO KOMDUHAaLMM aTOMHbIX
opbuTaneun (oByxypoBHeBasi MOAENb)

bonding

Bblumncnnm aHepruo aneKTpoHa Kak
JOYHKLNIO paCCTOAHUA Mexay
aapamu

KoBarneHTHas cBA3b XapaKkTepusyeTcs
HanpaBneHHbIMU CBA3SAMU
(MoONynpoBOAHUKU N OUINEKTPUKN).

Kpuctannbl ¢ KoBaneHTHOW CBA3bI0
OOCTaTO4YHO XeCTKUe U Nioxo
PACTBOPMMbI B MOMAPHbIX XXNOKOCTSAX



NloHHaqa cBA3b

*[lpeaenbHble cnyyYyan KoBaneHTHOW MONAPHOW CBA3K

* BbIMrpbILL B 3HEPIUK Mosly4YaeTcs, ecnv cpoacTBO OO4HOrNo atoma
(B) borbLUe aHeprun noHmnsaunm gpyroro (A)
[+ 9Heprmsa KyrnoHOBCKOro B3aMMmoaencTBug]




MeTtannuyeckas cBs3b

*[logobHa KoBaneHTHO

* OTNn4YMe B TOM, YTO INIEKTPOHbLI AENOKarnmM3oBaHbl

« "ONEeKTPOHbI BbICTYNAloOT B ponu knexa”

* B oTnnymne ot KoBaneHTHOW CBA3WM TaKas CBA3b He HanpaBlieHa



Cwuna BaH-pep-Baanbca
(MeXxxmonekynsapHoe B3anMogencTene)

« CTpOro roBops, ata CBA3b HE XMMUYECKas
» B3anmogencteme BbI3BaHO ANUMNOMb-AUMNONbHbIM

B3aMMOOENCTBUEM
¢ o N I/IHepTHbIe I'a3bl U Mg)ﬂelsyﬂbl
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« MonekynsipHble KpucTanibl: HENPOYHbIe, HU3Kasi TeMmnepartypa nnaBfneHnss U BO3rOHKU
(O, H))

. 3ne|<Tp0Hb| He 0000LLECTBNAIOTCA MeXay atToMamu



BoaoopoaHasa cBA3b

* Pazamep nmeet 3Ha4vyeHmne!
* Monekynbl OHK

Hydrogen Hydrogen




Type of Bonding

Description

Typical of which compounds

Typical Properties

Electron is transferred
from one atom to an-

Binary compounds made
of constituents with very

e Hard, very brittle
e High melting tempera-

Ionic 5 different electronegativ- ture
other, and the resulting - e
ions attract each other. iyz sk, wramp VI Cbei 0ol
compounds such as NaCl. e Water soluble
Compounds made of y
Electron is shared be- cons'gtuents with similar > Vc?ry hard .(brlttle)
tween two atoms forming electronegativities (e.g., e High melting tempera-
Covalent a bond. Energy lowered ITIT-V compounds such as g e
by delocalization of wave- GaAs), or solids made of 2 El.ectrlca.l _———
function. one element only such as semiconductors
diamond (C).
e Ductile, malleable
(due to non-directional
nature of bond). Can
Electrons are delocalized be hardened by adding
Metallic throt}ghout the solid Metal§. Left and middle certain impurities.
forming a glue between of periodic table. e Lower melting temper-
positive ions. ature
e Good electrical and
thermal conductors
No transfer of electrons.
Molacnlar Dipol.e moments  on Noble gas solids, solids o Soft. weak
constituents align to made of non-polar (or 2 ;
(van der Waals, : : e Low melting tempera-
Horo e cause attractlon._ Bond- slllgh.tly polar) molecules N
SR ing s!',rength increases binding to each other Electrical insulat
P with size of molecule or (wax). ¥ echeal e
polarity of constituent.
Involves hydrogen ion e Weak bond (stronger
bound to one atom but Important in organic than vdW though)
Hydrogen still attracted to another. and biological materials. e Important for maintain-

Special case because H is
so small.

Holds together ice.

ing shape of DNA and
proteins

Table 6.1 Types of bonds. This table should be thought of as providing rough rules. Many mate-
rials show characteristics intermediate between two (or more!) classes. Chemists often subdivide
each of these classes even further.




MeTannbl, N30NATOPLI, NONYNPOBOAHUKU



30HHas CTPYKTYypa TBepAbIX TEN

* [lepnoan4yHOCTb NOTEHLMANa NpMBOANT K NOSIBNEHUIO 30H

* [lpnonmxeHne bopHa-OnneHrenmepa:
paccMaTpuBaeM ABUXKEHUE SOeP U ANEKTPOHOB HE3AaBUCUMO B
cuIy Manoro napamMmeTtpa OTHOLLEHME Macc

Me /M ~ 107°

* OOHO3NEKTPOHHOE NPUBNMXKEHNE (HY>KEH 3PAEKTUBHbIN
camMocornacoBaHHbIV NoTeHLnan)

U(ry,ro,...)=— Y(ry)and V(r
S

1023 wvaribles



30HHas CTPYKTypa TBepObIX TEN

* B 04HO3NEKTPOHHOM MPUBIMKeHNN
h?  d?

VU = FEV¥ = —
& . 2mg dx?

+ Vi(z

* [lony4yaem 30HHYI0 CTPYKTYPY 1 BONMHOBbIE (DYHKLINK

E=EFE,(k) and U(r) =™ U, «(r
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CTpyKTypa SHEpPreTn4yecKknx 3oH
KpucTarnsios

» 3aCeneHHOCTb IHEPIreTN4HEeCKNX 30H onpenendeT AarneKkKTpoHHbIE,
TensnoBbl€ U ONTUYECKNE CBOUCTBA Kpnctarnsjos

E

Energy
band
\/ ~ <Energy gap

e

;__.Lk-




3anonHsAeMoCTb dHEPreTUu4YecKkmnx 30H

e KonnyecTBO COCTOAHUM C Pa3HbIMU k-BEKTOPAMU TOYHO
paBHO KOJNIMYECTBY 3JIeMEeHTapPHbIX fi4YeeK B KpucTtarnne

ToO eCTb, eCJ11 BaJ1IeHTHOCTb 1, TO 30HaA AO0JTKHa ObITb NONMHOCTbLIO
3anornHeHa. Ecnu yydeCTb CIMUH, TO 30HAa 6yﬂ,eT 3alloJ1IOHeHa Ha
NONOBUHY. Ground State Current Flowing

* Torna obpasyetcst MeTa.
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3anonHsAeMoCTb dHEPreTUu4YecKkmnx 30H

[1Ba BHELLUHMX anekTpoHal!!! (TonbKo B [1Ba BHELLHUX
TePRSheKTPYK nu anerRHgmeTan
nonynpoBoAHUK I
P
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k=—mt/a k=+r/a k=—m/a k=+1/a

O6bI4YHO 4S9 NoNynpPoBO4HUKOB E <4
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3anonHaemMocCTb 30H Ha 93blke XUMUKOB

Bce xumunyeckue cBa3u
3anoJfIHeHbl U ANEeKTPOH
He MOXeT
nepemMellaTtbCcs No
Kpuctanny!



MeTannsol

* 1 9NEKTPOH Ha aNeMeHTapHYo A4YenKy => 30Ha 3anosiHeHa Ha
MONOBUHY W KpUCTarn ABASETCH MeTasrniom

« OQHOBareHTHble WenovHble meTtannsbl (Li,Na,K,Rb,Cs) n
bnaropogHblie meTtannsbl (Cu, Ag, Au)

* B anemeHTapHON s4enKe HeYETHOE YNCNO ANEKTPOHOB
(Al,Ga,In,TL)



[lonymeTannbl

5 3NeKTpoHOB Ha aTtoMm (As,Sb,Bi) HO B afieMeHTapHON a4enke 2

dTOMa

ToecTbB snemeHTapHom g4eunke 10 AJIEKTPOHOB, 3aI'IOJ'IHF|I-OLLI,l/IX
5 30H

I'lonymeTann




L‘|eTI:IpeXBaJ'IeHTHI:Ie AJIEMEHTDI

JInbo meTansbi: JInbo nonynpoBOAHMKN:

» Onoso (MoxeT ObITb 1/n) - Yrnepon (anvas noytv n3onaTop)

* CBUHeL * [ paduT — NONYNPOBOAHMUK
*SinGe

* ONoBO (MOXET ObITb MeTasnIoMm)



MeTannbl n nepexogHble MeTannbl

lNepexoaHble
~MeIalllbl
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Cr, Mn, Fe, Co,
Ni

MeTtann
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PelwueTka Tuna anmas

* SP3 rmbpuamnsauus (kak CH,)
« 3anpelleHHas 3oHa ~ 1 3B (Si n Ge)
« KpucTtann nogobeH oaHou
TMraHTCKOWU
KoBarieHTHOW Monekyne
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Ge:
Si:
GaAs:

Eg=0.66 eV
Eg=1.12 eV
Eg=1.42 eV

1-an 30Ha
Bpunnaeuna




TemnepaTypHaga 3aBUCUMOCTb LLUMPUHBI
3anpeLleHHON 30Hb
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depmu ras

* [1lpuHumn Naynu

* PepMUOHbI

 Hananute N=N(E) ans 1D, 2D, 3D
 Hangute NNOTHOCTb COCTOSAHUN

h? k>
EF =
2m0
N 2  Ar (
— = hk)? hk =
V. (2mh)3 3 (Rk)™ = (
hZ
Fr—=— (37T2n)2/3



