CHUONG III A "

CHEMICAL
BONDING

LIEN KET HOA HOC VA

>

CAU TAO PHAN TU



NHU’NG KHAI NIEM CO BAN VE LIEN KET
HOA HOC

>Ban chat cua lién két

>Mot so dac trwng lién két

>Cac loai lién két



Ban chat cua lién ket

Electron hoa tri - ns(s), ns np(p) , (n-1)d ns(d),
(n-2)f (n-1)d ns(f)

Lién két hoa hoc c6 ban chat dién (lwc hat)



Mét s6 dac trung lién ket
Pwdng cong thé ndng
Dé dai lién két
Nédng lwong lién két
Béac lién két

Goc hoa tri



Repuson (+)

Potential energy ——»-
°

Attraction (-)

Puwdng cong thé niang




D6 dai lién két (Bond Length)

* La khoang cach giira hai hat nhan cua hai
nguyén tr tao lién ket.
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154 pm 198 pm 176 pm



Nang lwong lién két
Hy(k) — H(k) + H(k) AH=E,

o —
Eond Length 74 pm Internuclear distance ——=




Chiéu dai lién ket
cé’ng Ion thi lién
ket cang kém bén




Bac lién ket

» La s0 lién két tao thanh gitra hai nguyén
tir tham gia lién keét.

Double bond ¥ gingle bond

Acrylonitrile

bond



C!‘liéu dai lién
ket phu thuoc
vao bac lién ket




C-C 154
C=C 134
C=C 120
N-N 145
N=N 123
N=N 110

Bac lién ket cang I&n thi chiéu dai lién ket giam

nang lwong lién két tang.

E, (kJ/mol)

346
610
835
163

418
945



Goc hoa tri

(AB_ n2 )

Linear Trigonal-planar Tetrahedral Trigonal-bipyramidal Octahedral
. ’

180°
: : 120° "

120°
90°
A, A, A, AX, A

Example: Bef, Example: BF, Example: CF, Example: PF, Example: SF,



Cac loai lién ket

Lién két codng hoa tri theo co’ hoc lwong tir
Lién ket ion

Lién két kim loai

Lién ket Vanderwaals

Lién két Hydro



LIEN KET CONG HOA TRI THEO
CO HOC LUONG TW

ﬁ _

Atomic Orbitals Molecules




MOLECULAR ORBITAL

THEORY — Robert
Mullikan (1896-1986)

THUYET MO

Phwong phap orbital phan tw (MO)



 VALENCE BOND THEORY
— Linus Pauling

THUYET VB

Phwong phap lién két hoa tri (VB)




Phwong phap lién két héa tri (VB)
Quan niém vé lién két cong héa tri theo
phwong phap VB
Céc tinh chat cua lién két cong hoa tri

Cac loai lién két cong hoa tri va bac lién két



Potential energy —e

Repulsion (+)

o

Attraction (=)

Internuclear
distance

~—— — 436 kJ/mol

OO

O = H atom



Luan diém co ban cua thuyét VB

v'Lk cht co s& trén cdp e 1| (pp cdp e dinh cho - Ik 2e 2tam)

v'Lk cht dwoc hinh thanh do sw che phu cua cac AO hoa tri
(che phu duong )




Luan diém co ban cua thuyét VB

vBiéu dién lk cht nhwsau H:HhoacH-H

v'Lién két cang bén khi mat dé che phu cua cac
AO cang Ion

Pieu kién tao Ik cht bén:
Cédc AO cé nang lwong xap xi nhau
Cac AO céo mat dé e du Ion
Cac AO co cung tinh dinh hwéng



Co ché tao lién két cdng hoa tri

Co’ ché ghép déi (gép chung): | 1 + ]

. Kha nang tao |k dwoc quyét dinh b&i s6 AO hoa

tri chtra e doc than | 1

Chu y: s6 e ddc than c6 thé tang I&n nh kich thich

nguyént C |1 |T|T] | |t T[T

S di chuyén dién t& trong qua trinh kich thich

thuwong xay ra trong cung moét 16p.



Co’ ché cho - nhan

Co’ ché cho - nhdn nlo+
chat cho chat nhan

»Kha nang tao Ik dwoc quyét dinh béi s [r] va so

>AO trong cé thé co khi ng tlr & trang thai kich thich

Vidu O:2s22p22p'2p!'— O 2s22p22p?2p°



—. Kha nang tao lién két cht (theo ca hai co’ ché) dwoc quyét dinh

b&i s6 AO héa tri ciia nguyén to:
- Cac nguyén to chu ky | c6 1 AO héa tri — tao tdi da 1 Ik cht
- Cac nguyén to chu ky Il c6 4 AO héa tri — tao toi da 4 Ik cht

- Cac nguyén t6 chu ky Il ¢ 9 AO hda tri — tao toi da 9 Ik cht

> Lién két céng héa tri cé tinh bdo hoa




Vi du

Hay cho biét trong s6 cac phan td va ion
sau cau tr nao co6 kha nang ton tai.

NH,- , NH,, NH,* ,NH.2* SF,, CCl,

CCl., PCl,, SF,, CCl., IF. , BF.



Tinh chat cua lién két cong hoa tri
»Tinh bao hoa

So lién két CHTcwc dai = so AO héa tri cia nguyén to.

»Tinh dinh hwéng

»Tinh c6 cwc va khong cwc



Sw phan cwc cua lién ket cong hoa tri
F-F H - CI Na Ci

XF = AF XH<Xcl X Na << X ci

Lk cht dong cwec lkchtcécwe  Lkion
Ho* — ClI°-
Cl bi phan cwc am

H bi phan cwc dwong



Cac loai lién két coéng héa tri va bac lién ket

Other Types of Bonding Interactions

- MNodal
plane

nodal plane

Sigma (G) Delta (&)
cvlindical symmetry two nodal planes

Chu y: cac viung xen pha phai ciing dau



Lién két Sigma (o)

Overl
Atoms approach each other /7 verlap region —\

>

Is 3p

Overlap region
— Cac AO che phu doc theo truc lién két
— Nhan truc lién két 1am truc doi x&rng.

— Lién két o khdng lam can tré sy quay tw do
cua cac nguyén tr quanh truc lién két

—P6 bén o(ns-ns) < o(ns-np) < o(np-np)



Sw hinh thanh lién két o

@ - - @ o
H H H; w
1s orbital 15 orbital Overlap creates
of hydrogen of hydrogen H—H & bond
_ - :
@ - “ ’ “ L
H F HF )ﬂ
15 orbital 2p orbital Overlap creates
of hydrogen of fluorine H—F sigma {e7) bond 1
> <
o
F F Fa :
2o orbital 2p orbital Overlap creates M
of flucrine of fluorine F—F sigma () bond "




Lién két Pi (r)

 Hai AO che phu &

hai phia cua truc —
lién ket. i . v
] \ W 7
« C6 mat phang phan L — —
xtrng chtra truc lién Internuclear
két- QV‘;Q




Lién ket &
« Cac nguyeén tw thudéc chu ky 2 c6 kha nang
tao lk n,, ., hoac my, 5,

» Cac nguyén to thuéc chu ky 3 tré di chi cé
kha nang hinh thanh lién két r, ; hoac w4 4

» S0 lién két n(ghép déi)= (s6 oxh), . — sO Iko



Lién ket don

Lién két don luén ludn la lién két o

H—H

One ¢ bond



Lién két boi

Trong lién két boi thi sé cé 1 lién két o phan con
lai s€é la cac lien két «

H H

\C_C/ B
7 \ :N=N:
H H \

One o bond plus ~ One o bond plus
one m bond two  bonds



Lién ket 7 khéng dinh cho

Cap electron lién két khong thudc han
vé mot cap nguyén tlr nao ca ma phan
bo dong déu cho mdt s6 hat nhan
nguyén tir ké can.



Bac lién két
Bac lién két = 1+s0 |km, +s0 Ik m, ./sOcapngtir

BAc lién két c6 thé 1a sb 18 khi co mat lién két «
khong dinh cho



Lién két &

Lién két 5 dworc tao thanh khi hai AOd
che phu bang tat ca bon canh.

Lién két 6 thuwong gap trong phirc chat
cua kim loai chuyen tlep hoac mot sé
hop chat cta cdac nguyén té thuoc chu

ky 3.



The d orbitals of the delta bond



LIEN KET CONG HOATRI| H,0

(a) Isolated atoms

Hir| o [t [It!
1s1 2s? 2p*




Vi sao goc hoa tri 1a 104.5° ?

Water, H,0
2 bond pairs
2 Lone pairs




THUYET SUC DAY CAP BIEN TU HOA TRI
Valence shell electron pair repulsion(VSEPR )

« Trong phan twr cong hoa tri AB,, cac cap
dién tir hoa tri lién két (o, 5) va cap dién
tte hoa tri tw do cua A (néu cd) phai xa
nhau & murc toi da sao cho lwc day
gitra cac cap electron dé cé gia tri nho
nhat.



Dinh hwong trong khong gian cua cac cap
e lien ket (o, .5) hoac e tw do quanh A

4 .
A1 ) a
/o G\
/IO e =Y

/180 LN S
* 2 cha clouds, 3 charge clouds, 4 chafg‘e clouds,
linear trigonal planar tetrahedral

5 charge clouds, 6 charg'e* clouds,
trigonal bipyramidal Octahedral



> A phai & trang thai lai héa.
>S0 cap e quanh A sé quyét dinh trang
thai lai héa cua nguyén tw trung tam A..



Lai hoa la gi ?

»Nguyén twr trung tam A sty dung cac AO
s,p,d,f..trong ndi bé nguyén tr dem pha
tron (td hop tuyéen tinh) vé&i nhau dé tao
thanh cac AO lai hoa. Cac AO lai hoa nay
sé tham gia tao Iko v&i B hoac chiwra dién
twr tw do cua A.



Pac diem cac AO lai héa

>S0 cap e(td+lko)quanh A =S6 AO tham gia lai hoa
= s0 AO lai hoa.
AB,,so6 cap e quanhA=2 — Alai héasp, 2A0 Ih sp

»>Phan bo doi xtrng v&i nhau trong khdng gian

»>Cac AO lai hoa c6 mirc niang lwong bang nhau



Cac AO lai héa c6 kich thwéc hinh dang giong
nhau, mat do electron don vé mot phia.

—Cac AO lai héa cua A tao lko véi B bén hon
so voi AO khong lai hoa

o



»Djéu kién dé lai héa bén
- Nang lwong cua cdc AO tham gia lai hoa xap
xi nhau
* Mat doé e cua cac AO tham gia lai héa du Ién

 Mirc dé che phu cua cac AO phai cao



Trong moét chu ky: AE ¢, T nén kha nang Lai Héa |

Li Be (B |C N O F Ne

AE,, 511,99 (2,8 |5,7 8,1 |11,4 |18,9 |22,6 |26,8

Trong mot phan nhém chinh: r 1 — kha nang LH |



So6 cap e quanh A= 1/2{ (Xe,, JAB,, -8(2)n}+n
n22  Akhdng la cac kl chuyen tiép

SO cap e quanh A = s6 cép e, + SO cap e,
=2 —A:sp
= 3 —>A:sp?
=4 ->A:sp?
=5 —>A:spd
=6 —A:sp3d?



Lai hoa sp
. S6 cap e quanh A= 2 — A & trang thai lai héa SP
- AB, dang thang goc |k 180°




LAl HOA SP

\)




Lai hoa sp

Combine to generate
two sp orbitals

Which are
> represented
as the set




BeCl, (AB,)
so cap e quanh Be= ",(16 — 8.2)+2=0+2=2—sp
1s 28 2p 1s sphybrid 2p
Be N N =

:.'F"-... _.--"‘r

Be

\ / Two sp h}fbl‘ld*-. on B\ /



Lai hoa sp?
S6 cap e quanh A= 3 — A & trang thai lai héa SP?2
AB,,AB,E - géc héa tri 120°




LAl HOA SP2

0Qe¢ )




Combine to generate
three sp orbitals

Y
-

£

Which are
L represented
as the set




BCl; (AB,)
so cap e quanh B= 1>(24-8.3)+3=0+3=3—sp?

3s 3p BAAO LAI HOA Sp?

B Tl 1© —

Cl o1\




Lién két = khéng dinh ché C¢H,

=~ O



Bac lién két C-C = 1+3/6=1,5

)
)

P
)

s .
E IE __ I
[ T )
BEES 2~ S
QNS =~ SR
B 22000
B 2090
L e .
0 - N
s v . S ., e Y
[ S8 ey ]
Y ¢ ET I W
| gy s | e |

[ & S
f . &5 .
T & =
L .
[ -
1 SN 7
jmw ey
\ e
) - {
Jp
i 2 e
y a3
[ W

e % P ™
& .
[ _— ] [ |
| —. | [ |
| |

3
3



Lai hoa sp*
So6 cap e quanh A= 4 — A & trang thai lai héa SP3
AB,, AB:E, AB,E, - goc hoéa tri 109928




LAl HOA SP3

Qg J
zf’y—ujt ,
Q:




I*I F-{

W
Combine to generate
four sp° orbitals

=
Which are represented
as the set

.




CH, (AB,)
sO cap e quanh C= ¥4(8-2.4)+4=0+4=4—sp?3

2S 2p Bén AO LAl HOA sp3

ClHel L 11 =







NH., (AB,E)
s cap e quanh N=1/2(8-2.3)+3=1+3=4—sp3

2s2  2p3 BON AO LAI HOA sp3
N[He] + __ =
sp® 1 unshared pair
e @
l‘.
AN Trigonal
A pyramidal
¢ 1 \
'l 'I \\
/ ,L-A \







H,0 (AB,E,)
s cap e quanh O = ¥(8-2.2)+2=2+2=4—sp?

N

2s2  2p? BON AO LAI HOA sp3
O[He] |

= 41

5p° 2 unshared pairs

’\\ Angular
/I \ (V-shaped
[ r bent)




Anh hwéng cua cap dién tir tw do

Zetd(_)zetd > 2"3tc|‘_>29|k 2"3|k‘—>29|k
Lwc day Lwc day Lwc day



SO cap e
. lién két
Loai ptw
AB, 3
AB,E 2

VSEPR

phan tor

Ténlgkm:
phang

S6 cape
tw do Sw dinh hwéng Hinh hoc
cuacape
0 Tantgkm:
phang
1 Tantgkmz
phang

A
B B

goc

@
o



VSEPR

S cap S cap
Electrqn Electron Sy dinh hwdng Hinh hoc
Loai p ttr Lién két Tw do Caccape Phan tw
AB, 4 0) T dién T dién
. iem Thap tam
AB;E 3 1 Tw dién g
giac

L= e 8.

B



Loai pttr

AB,

AB,E

AB,E,

S cap
Electrqn
Lién két

VSEPR

S cap
Electron
Tw do

4

3

2

Sy dinhhwéng

Caccape

T dién
T dién

T dién

B

Hinh hoc
Phan tw

T dién
Thap tam
giac



Momen lwdng cwc va phan ttr cht co cuc

Momen lwéng cwc u=906 x|
0 Dién tich [don vi tinh dién]

| khoang cach gilra hai dién tich[cm]
1D =3.36x 1030 C m=10"8 dvtd.cm



Momen lwédng cwc phan tw




« Momen lwdng cwe cua phan tir 1a tong
vector momen lwong cwc cua cac lién
két va cap electron hoa tri tw do trong
cac AO lai héa cé6 trong phan tu.



Resultant dipole
moment =1.46 D

S

Resultant dipole
moment = 0.24 D



Cé cuc hay khong cuc?
BF,, C1,CO, va NH,.




Phan t&r khong cwc, BF;

F Nguyén tir B
| bi phan cuc
/B\ dwong va
K K

nguyén tw Fbi
han cwc am.

| idn kat B—F trona ntiv RF. 14
Nhwng phan tw cé cau tao doi
xtrng nén khong cuwec.



Molecular Polarity, HBF,

H B bi phan cwc

1|3 dwong nhwng

F/ \F H & If bi phan
cwc am.

Lién ket B—F va B—H trong
HBF; la co cwc. Nhwng do ptuw
khéng doi xirng nén co cuwc.




CH,CI, co
momen
lwo'ng cuc
hay khong ?




CH, ... CCl,
Co cwc hay khéng cuc?

pn=0D Net dipole Net dipole Net dipole w=0D
No net dipole = 192D w = 1.60D = 1.04D No net dipole
moment j moment

=
CHsCL CH,Cl, CHCls CCly

*  Only CH, and CCl, are NOT polar. These are the only two molecules that are “symmetrical.”



e Lién két C—F phan cwc manh hon lién
két C—H.

» Do ca hai lién két C—F & cung mét phia
,phan t&r c6 cuc.



OUPDSTITUTEd

« Lién két C—F phan cwc manh hon lién
kétC—H.

» Do c3 hai lién két C—F nam & hai phia
doi nhau , phan t&r khdng phan cuc




Dipole Moments
Momen ludng cuc

Table 9.8  Dipole Moments of Selected Molecules

Molecule (AB) Moment (., D) Geometry Molecule (AB,) Moment (i, D) Geometry

HF 1.78 linear H,0 1.8 bent

HCl 1.07 linear H,S 0.95 bent

HBr 0.79 linear 50 1.62 bent

HI 0.38 linear (0, 0 linear

H, 0 linear

Molecule (AB,) Moment (u, D) Geometry Molecule (AB,) Moment (u, D) Geometry

NH, 1.47 trigonal-pyramidal (H, 0 tetrahedral

NF, 0.23 trigonal-pyramidal CHy( 1.92 tetrahedral

BF, 0 trigonal-planar CHyCl, 1.60 tetrahedral
CHCl, 1.04 tetrahedral
(Cl, 0 tetrahedral




Tinh chat tlr cia phan ti

Electronic balance

LI2d LTE
Mass (g) Mass (g)

Electromagnet OFF Electromagnet ON

Sample sealed
in a glass tube

Electromagnet
to provide
magnetic field

- chat thuan tir (Paramagnetic): chat cé
electron déc than .Chat nay khi dat trong tir trwdng
sé bi nam cham hut.

- Chat nghich tir (Diamagnetic):chat khéng cé
dién tlr doc than .Chat nay khi dat trong tir trwérng
sé bi day.



