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2.1. Co s@ ly thuyét cua phwong phap MO

H,"ion H— H*: 1 electron quay quanh 2 protons

Phuwong trinh song Schrodinger:
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2.1. Co s@ ly thuyét cia phwong phap MO

Quan di€m ctia phuong phdp MO:

0 Giai phwong trinh séng Schrodinger cua
trng e riéng biét

0 Phan t 1 hé gom tong phwong trinh song
cua cac electron va sé ton tai ¢ trang thai
co nang lwong cuwc tieu

0 Phan tk la nguyén tir da nhan. Cac e
chuyen dong quanh cac nhat nhan.

0 Cac orbital phan ti c6 thé c6 1 tam, 2
tam hay nhiéu tam tuy thu¢c vao s6
nguyén ta tham gia tao thanh lién két
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2.2. Két qua ciia phwong phap MO

Noi dung co bdn ctia phuong phdp MO vé lién két cdng hda tri

+C4c orbital phan tif dugc tao thanh do sy td hop tuyén tinh
cac orbital nguyén tu (tic do cac orbital nguyén ti xen phu
12n nhau).

(a) In-phase overlap (add) () lf}l.ll-l.ll1-|l|'|;,1-.L‘ overlap (subtract)
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Noi dung cd ban cia phuong phap MO vé lién k&t cong héa tri
+ Su td hgp cdc orbital phan t{ tir cdc orbital nguyén ti chi
x4y ra khi ¢6 di cdc di€u kién sau:
> Céc orbital nguyén t phdi gain nhau vé mit ning luong.
~ Céc orbital nguyén t&f phdi che phd nhau ddng ké.
» Céc orbital nguyén t phdi do6i xiing gidong nhau doi véi
dudng lién k€&t trong phan t

Py py py S p; s

(a) (b) (©)

Khéng tao lién két Khéng tao lién két Tao lién két
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Noi dung cd ban cia phuong phap MO vé lién k&t cong héa tri

» Trang thai cia e dwoc xac dinh bang cac MO.
> Cac orbital phan tu dugc ky hiéu la o, «, 8, ¢... tuy
thudc vao su dinh hudéng clia ching doi véi truc noi

cac hat nhan nguyén tu.

AO trong ngtir S P d f

MO trong ptur G I 0 [0
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T6 hop 2 Orbital nguyén tor
» S6 MO tao thanh bang tdng s6 AO tham gia td hop

> Su t6 hgp tuyén tinh cdng cac orbital nguyén ti tao
thanh cac orbital phan t lién két cé nang lugng thap
hon céac orbital nguyén ti ban dau. Orbital phan ti
nay dudc goi la orbital phan ti lién két. Ky hiéu
chung la: 645, Gass Gopxs Tapys Mopz---: Emo < Eao

> Su t6 hgp tuyén tinh tri cac orbital nguyén tl tao
thanh cac orbital phan tl phan lién két cé nang lugng
cao hon céac orbital nguyén tii ban dau. Céac orbital
phan ti nay dudc goi la orbital phan phan tl lién két.
Ky hiéu cac orbital phan tli phan lién két la ¢*,,, 6*,,
G opxr T 2pys T 2pze++- Emor > Epo
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' Té hop 2 Orbital nguyén tir s

A

2 _ |
: /\k ~ l
= I
S |
= |
A Sigma antibonding orbital
a b fwith node!
o' = = (y(ls,) — ¥(ls,))
V2
¢ ¢ Sigma bonding arbital
A
—

Probability

- L (1s. )
A G= = {w(lsa]-irlpl Sp))

Phwong trinh tdng quéat: _
Y =N[c,¥Y(1s,) c,¥ (1sy)]
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T6 hop 2 Orbital nguyén tir p doc truc lién két
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‘ T6 hop 2 Orbital nguyén tir p vudng goc truc lién két
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‘ T6 hop 2 Orbital nguyén tr d

‘j

d_2 orbitals
end-to-end

d,_ord _orbitals
in the same plane

d2_ 2or dx: orbitals
in parallel planes d:2::2 d

(a) . (b)
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p.andd _ sand d.2 sand d _

/

0Q>

00 88| o|C %

(V)
p. d.. . d.. d,.

Khéng tao lién két Tao lién két Khéng tao lién két
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Orbital phan tir khéng lién két

» Cac orbital nguyén tu khong
tham gia t6 hgp véi cdc orbital
nguyén tu khac khi hinh thanh
phan t& s& dugc chuyén nguyén
ven vao phan tu va dudc goi
tén la orbital phan tt khong
lién két.

» Cac orbital phan tir khong lién
k&t chi c6 hinh dang va muc
ning lugng hoan toan gidng vdi
orbital nguyén tif chuyén thanh
no.

> Ky hi€ula 6%, 6%,

0o . _
n zpzoooo EMOO - EAO

0
Topys
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Sw phan bo e trén cac MO

> V& miit ning lugng cdc orbital phan tif ¢6 thé dugc sip
x&p theo trat tv ting dan nhung khong theo mdt quy luat
rd rang 1im, phu thudc nhi€u vao sy chénh 1éch niing
lugng giita cdc orbital nguyén tir t6 hop thanh cdc orbital
phan tu.
> Trong phin t cdc electron phan bo trén cdc orbital phan
t& theo cdc quy ludt gidng nhu trén céc orbital nguyén tl
gdm
Nguyén Iy vifng bén
Nguyén ly Pauli
Quy tic Hund
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Bac lién ket ’

» CWr mot cap e phan bo trén MO* ¢6 tac dung day 2 nhan ra xa sé
triét tieu tac dong hut 2 nhan lai gén clla mot cap e phan bd trén
MO, twong trng

> Lién két sé dwoc tao thanh khi tac déng hut gitra 2 nhan manh

hon.

> Mot bac Ik wng véi mot cap e phan bd trén MO, khéng bi triét tiéu

Zelk_z e*

2% SLK ©

BLK ~

> Tén cla Ik dwoc goi bang tén clua MO, chira cap e khong bi triét
tiéu

> BLK tang thi nang lwong lién két ting con dd dai lién két gidm
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M ta cau tric phan ti» gom cac bwéc

v Buwdce 1: Xét su tao thanh MO tw cac AO

v Buwéc 2: Sap xép cac MO theo tht tw ndng lwong tang
dan

+ Bwde 3: Xép céac e vao cac MO

+ Bwdc 4: Xét cac dac trwng lién két
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2.3.1. Ap dung phuong phap MO cho cac phan tl 2 nguyén tl chu ky |
Phan tir — H,*

2 A ok |
5 MO g, " MO Phin lién két
5 M\
f'(( \
/ \
/ \\
,/ f \\\'\
/ : ‘\\
ls *Tf — s
\\\\ ‘fl‘f,
\ x,‘f
wl \-\\ / wz
\\ :/X
\\\I f} (?;
| ‘
(04) 0, MO Lién két
BLK =05 "o
— , +
H H2 H

NLLK =255 kJ/mol
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Energy

2
(0 15)
BLK =1
NLLK = 458 kJ/mol

*
Mo 0. MO Phin lién két

ls Is

01s MO Lién két
YUMo

H H, H
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Phan tw 2 nguyén tw

Bac lién két = %4 [(SO e trén MO) — (S6 e trén MO*)]

Chiéu dai | Nang luong

Lién két Bac lién két ian két ian két

H," 0.5 105 pm 255 kJ/mol

H, 1.0 74pm | 458 kd/mol
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> A
80 * |
§ Y Mo 7, A MO Phin lién két
[
015 MO Lién két
2 1 ls
(0 1‘5) (0*15) wMO
BLK =0,5 He He, Het

NLLK = 251 kJ/mol
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Energy
—
<-
*
=
S

MO Phn lién két

015 MO Lign két

Yo
(0,.)%(c%.)? '
1s 1s He He He

2
BLK=0
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2.3.2 Ap dung phwong phap MO cho cac phan t& 2 nguyén to
chu ky Il

Hai phan t& cling loai clia cac nguyén t chu ky |l

Phan mic nang lwvong cua cac Orbital phan t&r cua nhirng

nguyén to cudi chu ky I

<, Ph&n mrc nang lwgng cua cac Orbital phan ti cua nhirng

nguyén t6 dau chu ky II

L Cac phan t&r hai nguyén tlr khac loai ciia nhirng nguyén to

chu ky I
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Phan tir 2 nguyén tir cia cac nguyén toé chu ky 2- o orbital

Orbital nguyén tlr hod tri ciia cac nguyén to chu ky 1l : 2s va 2p
Theo phuwong doc truc lién két: 2 Nguyén tir cé 2 AO 2s va 2A0 2pz
Y = ¢ 4 + C 4 + C 4 + C 4

A2s A2s B2s B2s A2p, A2p, B2p, B2p,

2A0 2s 2 o, va o,.*
2A0 2pz 2 6 ,,, VA G 5"

Q
<
™ %
t
.
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‘ Phan tir 2 nguyén tir ciia cac nguyén to chu ky 2- 7 orbital
'n ;,, (antibonding)

T (bonding)

™ _;p (antibonding)

T (bonding)
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Phan tw 2 nguyén tw - Nang lwong cua AO

2000 N * Jp
23000

4000 - Mo g
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Trat tw nang
lwrong cac MO
trong phan tw
2 nguyén tw

Cédc nguyén to cudi chu ky
cO sy chénh I€ch ndng
lugng gitra 2s va 2p cach
xa nhau

C4c nguyén t6 dau chu ky
cO su chénh 1€ch ndng
lugng gitra 2s va 2p it khac
nhau
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' Mixing of 6_orbitals
No mixing £V Y,
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Atom Molecule Atom
O.;lﬁ

‘ Té hop 2 Orbital nguyén tr 2p

. :\n

- : ' e
) | ¥
N | v ) :
) e N .
| : ) N i S
- -~ #
8% 8! - .
e )

TEQPJ: 2gy

*

O-Qs

0-25
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Atom Molecule Atom

Té hop 2 Orbital
nguyén tw 2p

LY
"\ \1 )
% } h
N | N
u I
) § | §

/

‘ ‘ 23 23
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Ozpz o

% —
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Chieu dai lién két phu thudc vao so electron trong phan t hai
nguyén tw

160 22
150 - Thém e vao
orbitals lién két

~ 140
£ Thém e vao
8 - > L. -
5 130 orbital phan lién k 2
R 1204

110 -

100 1 . B : J : :

6 7 3 9 10 11 12 13 14

Valence electrons
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Phan tw Li, — 6electron > A .
0 o
S 2s
=
0
2s 2s
025

Liy (6 19% (0 *15)? (024)?

~—

Triét tiéu LK
BLK = % [(4) - (2)] = 1.0 Li Li, Li
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b>l3 g *
q_"‘) 2s
o)
aa
2s 28
A
0-25

Be, ((313)2 u(G*ls?Z (Cf 26)? (5*25)42

~ =

Triét tiéu LK Triét tiéu LK
BLK = % [(4) - (4)] = 0.0

Be

NLLK = 10 kJ mol-L Be Be,
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F —
g * S
BZ ('.r’ %p .
o x\
* 1':-) 2p 2p S %
B 2p I i 1; 2p B

i these orbitals
“. Qp 1" a »
switch order in energy
J‘I:pr“—‘l‘ —I— J'|22p1,r

Electron Configuration: (0>.)¢ (0o.*)¢ (‘Jlsgp)2

Bond Order = % (2-2+2) =1 Single Bond
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Electron Configuration: (023)2 (023"‘)2 (ng)z (Jligp)4 (.‘Jngp"‘)2

Bond Order = 5 (2-2+2+4-2) =2 Double Bond
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Broputl ML AP e Nl Yow i
PAoeqT T T ™%y 2T T2 &

RE AL G
) | | " O

Electron Configuration: (02.)2 (0o.*) ((:Tgp)2 (Jligp)4(3tgp*)4

Bond Order = 5 (2-2+2+4-4) =1 Single Bond
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Energy

Sap xép dién tir vao phan tr hai nguyén tir tie cac

nguyén t6 chu ky i

Be,

B,

2 2 2 2 2 2 2 T ‘5
631 ? GE!’ GEI’ 0.:51’ G:;.[r 0:;.1) 0:51) 0-;.:.'1;
= =ns BN A O £ 2 £ 0 £ €
T[;_"p ni‘p JT.'Zip nép nép nép KE/) nép RSP n:’ip T{t{_/) nEp nép nép nj’i/) 7!5/)
ol b bl
C 2p G 2p Y 2p o 2p Y] 2p n',}p n 2p n 2p n 2p n 2p n‘?_/)
Pt B v b H H
n 2p L 2p n 2p n 2p r 2p n 2p n 2p n 2p R 2p n 2p Y 2p o 2p Y 2p
H H H H t H H
03.\ 02\ 02» 0}.\ Gi.i_'.\ O-:;..s 03.\ 62\
ty H H H e H H H
O 02 0.2 G2s G2 O 2 G2 G2
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Cac phan ti hai nguyén tir cia cac nguyén to dau chu ky Il

MO Li, Be, B, C, N, N,*
Tong sb e 6 8 10 12 14 13
Copx — — — — — —
Topy > Tops
oo B B N T
T T R VR VR N N )
5, B S A R A R A B
5, U I U I NP B A R N N
G, * ™ ™ ™ ™ ™ ™
5. S I U I NP B R O N N
Bac lién két 1 0 1 2 3 2,5
Chiéu dai 1k (A9) 2,67 — 1,59 1,24 1,10 1,12
NL lién két (kJ/mol) 105 - 289 599 940 828
Tinh thuin tu nghich — thudn | nghich | nghich | thuan
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Cac phan tir hai nguyén tir cia cac nguyén to cudi chu ky i

MO O,* O, O, F, F,- Ne,
Tong so e 15 16 17 18 19 20
- S I R R EE N )
o 2 Ty OB S N I WU I NV SR A O I U
Tyoys oy NN NN NN TV
- VRV EEE Y
G, * ™ ™ ™ ™ ™ ™
G, ™ ™ ™ ™ ™ ™
o . VRV E YRR Y
G, ™ ™ ™ ™ ™ ™
Bic lién két 2,5 2 1,5 | 0,5 0
Chiéu dai Ik (A?) 1,12 1,21 1,26 1,41 —
NL lién két (kJ/mol) 629 494 328 154 —
Tinh thuin tu thudn | Thuan | thuan | nghich | thuan -
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Cac phan ti 2 nguyén td khac loai cha cac nguyén té
chu ky 2
+ Do hai nguyén t&f clia 2 nguyén t6 khac nhau vé do
am dién nén
> AO cla nguyén t6 duong dién han sé gop chd yéu
vao MO phan lién két
> AO cla nguyén t6 Am dién hon sé gép chu yéu
vao MO lién két.

v
MO

X XY Y
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Phan tor HF

s T
Non-bonding
_H_% _______ A4
R

Non-bonding

Exclusively F

Mainly F

2
:i;:
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Phan tw LiF

Energy

Li

https://Tb.com/tallieudientucntt
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Phan tw CO

2 A

Energ

BLK =3
llke va2lkr

tao nén 3 lk cua CO

http-SZIITD.COITIIIaI Ireuarentucntt
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Phan tte NO 1

—_— _".. N
J_’I:‘ LR .::.
ﬁ:hw I ﬂﬁ] -k‘ﬁ
% W, o
! , A -
'-."‘ ™ J‘* _.TL - ,'ff
'."‘ i i i #;J
N
Ty,
‘ .

N =
TN T RY
& S , iY

‘-.. *I J_.,-"' z.'i
— A -
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\ Phan ti ICI
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Cac phan td hai nguyén ti khac loai cua cac nguyén té chu ky 2

MO N, CO CN- NO*
Tong sb e 14 14 14 14
Copx — — — —
Tapy » Maps - - - -
oo 1 1 1 1
T T AL [ N | NN | NN
5, * 1 1 1 1
G, ™ ™ ™ ™
o 17 17 1 10
5. 1 1 0 1
Bac lién két 3 3 3 3
Chiéu dai lién k&t (A?) 1,10 1,13 1,14 1,06
NL lién két (kJ/mol) 940 1076 1004 1051
Tinh thuin tu nghich nghich nghich

cuupuong mantc.ong.com

nghich
MNPS./Mo.
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Trat tw sap xép nang lwong ciia cac MO tao thanh

Giong nhw

Trat tw sap xép orbital phan tlr cGia 2 nguyén t& cung loai

cudi CK 2 néu ca 2 nguyén to déu la cudi CK

Trat tw sap xép orbital phan tlr clia 2 ngtr cung loai dau
CK 2 néu

+ Ca 2 nguyén to déu la cac nguyén t6 dau CK 2

= M@t trong 2 nguyén to l1a nguyén to dau CK 2

CuuDuong ThanCong.com https://fb.com/tailieudientucntt
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2.4, M6t vai thi du khéc
Phan tw H,O

i

i !
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5 D
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5o @9
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11 eV

3a

16 eV

Phan to NH,
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Phan tw CH,

Eneroy
}
. :Hz
, 2y
Pr Py o ——. P P P
T | R T
i I T 2
3 —£Iqu .
“‘*—Hﬂ;}
1= Catbon Methane 4 = Hydtogen
Atorrde Oibital Molecular Crbifal

Atorrde Otbitals

CuuDuong I'nanCong.com

https://Tb.com/tallieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

So sanh cac thuyeét lién két cong hoa tri

Cac mau lién két:

Thuyét Lewis va VSEPR )
A b , , Mdrc do de
Do chinh xac | Thuyét Valence Bond (VB) str dung
Thuyét Molecular Orbital (MO)

CuuDuong I'nanCong.com https://Tb.com/tallieudientucntt
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‘ Moi lién quan giira bac lién két va nang lwong

lien két 1000
o
»
200 -
.
Bac Iié‘n lfét cang ~ 80O o)
cao thi nang lwvogng '3
ST E L
lien két cang cao = y
= 400 ® ®ce
? ® CN
» ¢ CO
200 - @ NN
L ® OO0
0
0 1 2 3

Bornd order
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‘ Moi lién quan giira bac lién két va chiéu dai lién

ket a
1.50 '
q
S 1.40/ ®
Bac lién két cang
cao thi chiéu dai 0 ®
lien két cang ngan < : -
NS
1.20 S
»
1.10 o
l ] ]
0 1 2 3
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Nang lwong lién két
cang cao thi chiéu
dai lién két cang
ngan

1000 | |
| Bond Strength
‘ VS,
800
Bond Length
<800 |
T
£
=z
-
|-
400
Stronger bonds
200 correlates with

short bond lengths.

RIA

CuuDuong I'nanCong.com

https://Tb.com/tallieudientucntt



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Cong hoa tri cé cwc va khong cwc

»>Phan ti cong hoa tri ¢6 cuc 12 do sy phan bd mat dod
electron trong phan ti gan v6i nguyén t Am dién hon
lam cho nguyén tif ¢6 d6 4m di€n I6n tich di€én Am va
nguyén tu con lai tich dién duong.

»Phin tir cOng hoa tri khong cuc la phan tif tao thanh tu
cdc nguyén tif ciing mot loai nguyén to (N, H, O,...) hoic
phén t& c6 tinh d61 xitng (CO, CS, CCl, C.Hy...)

https:77b.com/tailieudientucntt
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Ludng cuc va moment luéng cuc

v'Phin tf c6 cuc: xuat hién ludng cuc dién gom hai tAm c6
dién tich bang nhau nhung trdi dau (8* & ), cach nhau khodng
cach 1 goila do dai luGng cuc.

v'Moment ludng cuc: 12 dai lugng vecto c¢6 chi€u qui udc tir
cuc duong dén cuc Am.

v C6d016n p=Ix6  Thuc t€ p thudng do bing don vi
debye (D)

v'Trong hé thong CGS p = 1018 don vi tinh dién x cm
v'Trong hé thong SI p =3.336 x 1033 Culong-mét (C.m).

v'Phan tf cOng hod tri: p= 0+ 4 D. pcang 16n thi phan ta
cang cO cuc manh.
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AO(1)
,—\ \
l’I \\ / \ % ’,"—\
Ill ‘ /II ‘\\\ AO (1) \\“ ‘\“
+(\‘ l AO ( 1) ‘\ “\‘ “\
AO(1) / AO(2) i \
\“ I/ \\ ,'I AO(Z) ‘\ % ‘ ’,,+
\ % AO(2) | *
+ > AO(2)
v < 0.5 : Cht khéng phan cyc 0.5<Axy <1.7:Chtphancwc Ay >1.7:Lkion
Pure covalent
HE 9 . c -F
C-Fe :
Ny, 9 . lonic
CH , O-H

Clo ¢ Polar covalent & H-F

C-0 8 |j.C = Na-Cl ® Ca-0Oe
Na-2 « -.
0.0 0.5 1.0 1.5 2.0 2.5
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