Two Theories of Bonding

MOLECULAR ORBITAL
THEORY — Robert
Mullikan (1896-1986)
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Figure 10.16 Liquid oxygen. Oxygen gas condenses to a liguid at —183 °C (left). Notice that liquid

oxygen 1s very pale blue (middle). Oxygen in the liquid state is paramagnetic and clings to the poles of a
magnet (nght). (Charles D. Winters)
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Ly thuyét orbital phan tir — lién két cong hoa tri

dwoc tao thanh tir sw td hop tuyén tinh cac AO tao
thanh cac MO.




LIEN KET CONG HOA TR| THEO
PHUONG PHAP MO

Bai toan ion H,"*
Quan niém cua phwong phap MO

Cac luan diém co s& cua phwong phap MO

. Ap dung phwong phap MO cho cac phan ti

bac hai



Quan niém cua phwong phap MO

* Phan t&r Ia mot nguyén to phire tap da nhan.

« M6 ta sy chuyén déng cla tirng electron riéng
biét bang ham orbital phan t (MO)



Cac luan diem co s& ciia phwong phap MO

> Phan tur - td hgp thdng nhat gobm cac hat nhan va
cac electron cua cac nguyén tu tuong tac.

»Trang thai cla e dugc md ta bang cac MO. Moi MO
dugc xac dinh gan ddng bang phucng phap td hap

tuyén tinh cac orbital nguyén t&' wyo = 2C yao
»>S6 MO tao thanh bang s6 AO tham gia t6 hop

tuyén tinh



Diéu kién cac AO tham gia
to hop tuyen tinh
—Nang lwong gan nhau.

—Murc dd che phu dang ke.
—Cung tinh doi xtrng doi véi truc lién nhan.



Sw che phu cac AO doc theo truc lién nhan — MO o
MO o nhan truc lién nhan lam truc doi xirng

Sw che phd cac AO vé hai phia truc lién nhan —-MOn
MO = c6 mat phang phan x&ng chi¥a truc lién nhan

Nang lwgng cac MO phu thuéc vao nang lwgng AO ,
murc dd che phu gitra cac AO va cach che phu
dwong hay am.



Sw tao thanh cac MO tir sw t6 hop
tuyén tinh cac AO cua phan tw bac hai

AO + AO — MO lién két (o, =...), Eyo < Eao

AO - AO — MO phan lién két (c* ,n* ...), E yo+ > Eao

AO — MO khéng lién ket (c?, 7° ...), Epo® = Eao



Sw tao thanh cac MOo tir AO s

Subtraction of electron orbitals leads to lower
electron density in overlap region

Sigma antibonding orbital
(with node)

Sigma bonding orbital

Addition of electron orbitals leads to
increased electron density in overlap region



Sv tao thanh cac MOo,MOnr tw cac AOp
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Moi MO chi chira toi da 2 e c6 spin doi song.

Cac e sap xep vao cac MO tuan theo nl virng
bén, nl ngoai triv Pauli, quy tac Hund.



Cac dac trwng lién ket
—Lk dwoc quyét dinh béi cac e Ik ma khéng bi triét

" A

tieu.

—Mot bac Ik trng v&i mot cap e Ik khong bi triét tieu

—Cho Ik 2 tam: Bac Ik _ 2.6 —2.¢

—Tén cua Ik dworec goi bang tzén cua cap e lk khong
bi triét tiéu

—Bac Ik tang thi nang lwong Ik tang con do dai Ik

giam



» Thuyét MO coi sw hinh thanh lién két héa
hoc la sw chuyén dién tir (hoa tri) ttr cac AO
cua cac nguyén tir twong tac vé cac orbital
phan twr thuoéc chung toan b6 phan tu.



Viéc mé ta cau tric phan tir gom cac buwéc
v Bwoe 1: Xét s tao thanh MO tir cac AO
vBwdc 2: Sap xép cac MO theo th tw nang lwong
tdng dan
v Bwéc 3: Xép cac electron vao cac MO

v Bwée 4: Xét cac dac trung lién két



Cac phan tw bac hai thuéc chu ky 1

*

1S+1S —» o, O

E :015 < 013



Cac phan twr bac hai thuéc chu ky 1
+ AO MO AO
H H, H
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Nghich twr
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Khong ton tai
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LPNG DUNG

Trong cac phan tr H, , H,", H,* phan twr
nao co lién két bén nhat, phén‘tﬂ’ nao
thuan tw, phan tw nao khnong ton tai.



LPNG DUNG

Trong cac phan ter H, , H,~, H,2

P
P
P

nan tlr co lién két bén nhat : H,
nan tw co tinh thuan tw : H,-

nan tlr khong ton tai : H,2



Ap dung phwong phap MO cho cac phan tir
bac hai chu ky hai

 Céac phan ttr hai nguyén tir ciia cac nguyén to
cudi chu ky I

« Cac phan twr hai nguyén twr cung loai cua nhirng
nguyén to dau chu ky |

« Cac phan twr hai nguyén twr khac loai cua nhirng

nguyén to chu ky I



Cac phan twr bac hai thuoc chu ky 2
(truc x la truc lién nhan )
1S + 1S —> 0.185 0.13*

2S + 2SS — 0,, 0,
sz - sz —  Ogpx: O'pr*
2p, +2p, — Tpy , Mapy
2pz T 2pz — TCsz ) TCsz*




Cac phan tir bac hai dau chu ky 2

Chuky2|Li Be B C N O F
E,-E,s |1,85 2,73 3,75 4,18 10,9 15,6 20,8
=AE [eV]

23 + ZS — 0'23 | 023*

sz T 2px — O'sz ) opr*
0, =C,(2S+2S)+ C,(2P, +2P,) C,<<C,
0'23* - C3 (ZS - ZS) + C4 (ZPX - 2PX) C4<<C3




Increasing 2s-2p interaction

Energy of Top _

molecular orbitals —> — — - - ————— e e - _

OZrFZJNQZ BZfCZfNZ



Cac phan tw bac hai thuéc chu ky 2
(truc x la truc lién nhan )
1S £+ 1S — 0,,,04¢
2S + 2S — O, , 0,

2p, £2p, — T,y Mopy
2pz A 2pz — anz ) TCsz*
Pau chu ky 2 :

* * — X - * *
01s< O4g <O2s<02 <Mooy = Top; <O2px<T2py = M2pz < T2px

Cudi chu ky 2:

* s 2
o.1s< o1s*<025<023*<02px<n2py =n2pz<n2py = anz < o.2px



Period 2 — Homonuclear Diatomics




>Cac ptir hai ngtir cia cac ngté dau chu ky II

MO Li, Be, B, C, N, N,*
Tong s6 e 6(2) | 84) | 10(6) | 12(8) | 14(10)| 13(9)
GZDX>X< - _ _ _ _ _
n;pv*’ Tr’an*
- — [ — [ — [ = [ [*
Tapy Mo, TT NN NN NN
i B I A N A I A I XA
:. SO I U I A I A I XA I
o " DU I A A B S B S I
5. U I A A B S B S I
Bac lién két 1 0 1 2 3 2,5
Chiéu dai lk (A% | 2,67 = 1,59 | 1,24 | 1,10 | 1,12
NL lién ké&t (kJ/mol) 105 = 289 599 940 828
T tinh nghich| - thuan |nghich | nghich | thuin




»Cac ptr hai ngtlr cung loai ciia nhirng ngtd cudi cky |

MO O,* O, O,” F, F,- | Ne,
Tong s e 15(11)[16(12)|17(13)|18(14)[19(15)[20(16)
oy | — [ — [ — [T ™
Mapy™s Tap,™ T —| T TN TN NN NI
Typys Mg NNNN NN NN NN LT

5, SO I S B P I P B A I

. SO I S B P I N B B

5, SO I S B P I N B B

_ U I A B N I U N S B

5. SO I S B A I U N S B

Bac lién két 2,5 2 1,5 1 0,5 0

Chiéudailk (A% | 1,12 | 1,21 | 1,26 | 1,41 —

NL lién két 629 | 494 | 328 | 154 —
(kJ/mol)

T tinh thuan | Thuan| thuan |nghich| thudn | -




»Céc ptlr hai ngtlr khac loai clia nhirng ngtd chu ky |
MO N, CO CN- NO*
Tong s e 14 14 14 14
G;px* _ _ — —
TCZDV*’ n;pz*
G, ™ ™ ™ ™N
Ty Toapy NN NN NN VT
G, * ™ ™ ™ ™N
Gy, ™ ™ ™ ™N
G, * ™ ™ ™ ™N
o, ™ ™ ™ ™N
Bac lién két 3 3 3 3
Chiéu dai lién két (A% | 1,10 1,13 1,14 1,06
NL lién ké&t (kJ/mol) 940 1076 | 1004 | 1051
Tinh thuin tw nghich | nghich | nghich | nghich




Energy

(a)

Chemistry: The Science in Context 3/e Figure 9.46
© 2012 W.W. Norton & Company, Inc.




Energy

MO diagram for Li,, Be,, B,, C,,
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Energy

MO diagram for O,, F,, Ne,
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Paramagnetic vs Diamagnetic
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L’NG DUNG

» So sanh bac lién két, do dai lién két, ndng lwong
lién két cua cac phan ti sau: NO*, NO , NO-



L’NG DUNG

« So sanh bac lién két, do dai lién két, nang lwong
lién két cua cac phan ti sau:

NO+ NO NO-
Bac lién két - 3 25 2
Po dai Ik : tdng dan

Nang lwong lién két: gidm dan



Bac cwc quang: Aurora Borealis

Collisions between atoms/
molecules/ ions with electrons
and positive particles in the solar
wind produce excited state
species.

Light
emission
650680 nm
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Charmistry: The Sclence in Cantext 3fe Figure 9.50
© 2013 W.W. Norton & Company, inc.

TABLE 9.3

Wavelength
(nm)

| 650-680
| 630
558
| 391-470

Chamlilry: The Srieace in Cantart 3/e Tabla 9.3
© DO11W. W. Norton B Company. ket

Light
emission
391-470 nm
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(b)

Color Chemical
Species
Deep red N,*
Red O*
Green O*
Blue violet Ny



LIEN KET KIM LOAI

Cac tinh chat cua kim loai

Khéng trong subt

C6 anh kim

Dan nhiét, dan dién tot
Déo ...



Cau tao kim loai va lién két kim loai

v'Nhiing ion duong & niat mang tinh thé
v'Cac electron hoa tri tu do chuyén dong hon loan trong
toan bd tinh thé KLL — khi electron

s delocalised eletions



Thuyét mién ning lwgng vé cau tao kim loai

Orbital Energies for an NV Atom Solid

Most antibonding

Most bonding

1 2 2 4 5 6 Fi 2 o 10 11 12 ... 20... w



- MIEN HOA TR| - HOMO

mién chira electron hoa tri

« MIEN DAN - LUMO

mién nam trén mién hoa tri

- MIEN CAM

la khoang cach gitra hai mién trén néu co



Ap dung thuyét mién nang lwong
dé giai thich tinh dan dién cua chat ran

conduction
band

valence
band

Insulator Semiconductor Metal

Chatcach  Chatbandan  Kimloaico
dien 0. 1< AE <3 eV mi:én hoda tri va
AE > 3 eV | mién dan che phu

hay tiép xtc nhau



