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HOA PAI CUONG

Chuong 4: Lién két hda hoc va cau tao phan tu
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Nhirng khai niém co ban veé lién két héa hoc
Lién két ion

Lién két cong hda tri

Lién két kim loai

Lién két hydro

Lién két Van Der Vadl

Bal tap
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4.1 Nhirng khai niém co ban vé lién két hoa hoc

4.1.1 Ban chat cualién két.

— Theo quan diém hién dai cac loai lién két hoa hoc déu cé ban
chat dién vi suy cho cung la do twong tac clia cac hat mang dién la
hat nhan nguyén tir va el ectron

— Trong lién két hda hoc chi ¢é dectron clia cac phan 16p ngoa
cung thwre hién: ns, np, (n-1)d va (n-2)f (ching dwoc goi lacac
electron hoatri)

~Theo CHLT, nghién clru lién két la quatrinh nghién clru s phéan
bd mat db electron trong trwvong hat nhan clia cac hat nhan clia
cac nguyén tir tao ra phan tu.

—Cac loai lién két chu yéu trong hoa hoc lalién két cong hoatri va
lién két ion,ngoai ra con cd cac lién két kim loai, va céc lién két
yéu hon lién két cdng hoatri lalién két Van der Valls, lién két
hydro
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4.1.2 Mot so dic trung cia lién két
. 1. D6 dai lién két:
la khodng cach gilta hai hat nhan nguyén tir lién két vai nhau.
Vidu Liénkét: H-F H-Cl H-Br H-|

d(A% 0,92 1,28 1,42 1,62
Cong thirc tinh gan dung do dai lién két (khi cac nguyén tir co do
am dién gan bang nhau): d, g=r, + Iy
NEu do am dién khac nhau nhiéu thi: d, g = r, +rg- 0,09 Xa- Xg |

;.9

205 pm
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Po dai lién két

b6 dai lién két phu thudc vao:

— Kiéulién két, do boi lién két: do dai lién két giam khi
do boi lién két tang.

—Nang lvong lién két: néu nang lvgng lién két cao thi d6
dai lién két nho

- Do dai lién két phu thudc vao trang thai hoatri clia cac
nguyén to, dd bén hop chat.

—P0 dai lién két co thé xéc dinh chinh xé&c bang thuc
nghiém nho cac phuong phap vat Iy hién dai : nhiéu xa
rongen, quang phé phan tt...Con tinh toan bang |y
thuyét thi chi cho d6 chinh xac twong doi
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HF << HCl <« HBr < HI
567 431 366 299

D6 bén lién két H-A (kJ/mol)
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2 GOoc hoa tr

 Goc hoatri lagéc tao thanh bdi 2 doan thang néi hat
nhan nguyén tir trung tdm vaoi 2 hat nhan nguyén tur lién
két.

« GOc hoatri phu thubc vao ban chat nguyén tir twong téc,
kiéu hop chat, cdu hinh khéng gian clia phan ti.

Ay
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l: e =
120
BL-F
v
BF,
F—Be—F
Bng
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BCl; tam giac Tw dién, CH,
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3. Bac lién két

Bac lién két |a so lién két tao thanh gitra 2 nguyén tw
trong tac truc tiép voi nhau
Poi vGi lién két cdng hoatri thi bac lién két duoc xéc
dinh boi sd cap e tham gialién két gitra hai nguyén tir

Lién két don co baclién kétlal, lién

két bang 2, lién két
Poi voi cac hé lién
nguyén ma so thap

ha cO bac lién két

Két d6i co bac lién
pang 3

Nop, bac lién két k

nhan

nong phai lasd

Vi du trong benzen bac lién két C-Cla 1,5
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4. Niang luong lién két

* Nang lvong lién két lanang lvong thoat ra khi tao thanh
lién két d6 vacling bang nang lugng can tiéu tén dé pha
hay lién két c6 trong 1 mol phan tir ¢ trang thai khi

« LUU Y: Nang lvong lién két vanang lvong phan ly ctialién
két trung nhau khi phan tir chi 2 nguyén ti

vidu B =Eyp, =431 kj/mol
Nhwng doi véi phan tir nhiéu nguyén tir thi nang lvong
lién két dugc lay giatri trung binh, nd khong trung véi nang
lvong phan ly tirng lién két mdt trong phan tur

ViduCH,
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« Nang lvong lién két phu thubc vao d6 dai lién két, do bbi
lién két, dd bén lién két

H H

T = |
0=0 H—0—0—H N=N: H-N-N-H

Bond length: 121 pm 148 pm 110 pm 145 pm
Bond strength: 498 k] /mol 213 kJ /mol 945 k] /mol 275 kJ /mol
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5. Momen ludng cuec ciia lién két

Pé dac truvng cho dd phan cuc cualién két va phan cuc
ctia phan tr ladai lwvong momen luéng cwe don vi : D

Momen lvéng cuc ladai lwgng vector, chiéu quy uéc
t trong tam dién tich dwong quadién tich am

o+ &— >

H—F H—F

Bond dipoles

Bond dipoles

Overall dipole moment = 0
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Momen luvdng cuc

Nonpolar Nonpolar Polar
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4.1.3 So luoc ve 1y thuyét luong tir vé lién két hoa hoc

va ciu tao phén tir

« Ban chat hoa hoc cualién két hoa hoc va cau tric phan
tr dwoc gidi quyét khatdt trén co so claCHLT

* Hién nay nguoi ta cho rang phan t&r gdm mot sd gi¢i han
cac hat nhan nguyén tir vacac e ectron twong tac voi
nhau va duoc phan bo xéc dinh trong khdng gian, tao
thanh mdt cau trdc bén virng

. C6 nhiéu thuyét khac nhau dé giai thich ban chat clalién
két hoa hoc, nhung thuyét dwoc st dung rdng réi nhat |a
thuyét lién két hoatri VB vathuyét MO .

e Co s cuaphuong phap lagiai phuong trinh song
Schrodinger ddi voi cac hé phan tir gdm cac hat nhan va
céc electron chuyén dong trong trvdng cac hat nhan dé
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4.2 Lién két ion

4.2.1 Thuyét tinh dién Vé lién két ion cua Kossdl (Kossdl
1888-1967,nguoi Durc).

» Nam 1916 Kossel cho rang phan tlr clia hop chat hoahoc
dwoc tao ra nho sy chuyén electron hoatri tir nguyén tir
nay sang nguyén tir khac. Nguyén tir mat electron hoatri
bien thanh Ion durong goi la cation va nguyén tir nhan
electron bién thanh ion am goi la anion.

» C&c ion ngugc dau hdt nhau nén tién lai gan nhau, nhing
khi dén qua gan nhau thi s xuat hién lwe ddy cla céc lop
vo €lectron, khi lvc hit va day can bang nhau thi cac ion
dirng lai vatao thanh phan tir hop chét ion

» Nhu vay lién két ion la loai lién két dugc tao thanh nho
lwe huat tinh dien gilra cacion trai dau
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Na CI
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Namém va
dé phan tng,
cO 1 €electron
|¢p ngoal

cung

Na

Na=2281
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Clo khi doc co mau vang
nhat cO 7 electron ¢ |6p
ngoai cung

Clo=2,8,7
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Cl nhan electron tor Na

T

&

Na
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Lien ket ion

Cl-
2,8,8
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Ca Nava Clco 8 electron & 16p vo ngoai cung va tao thanh hop chat

NaCl

Na+ Cl-
2,8 28,8
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4.2.2 Kha nang tao thanh lién két ion cua cac

« Cac nguyén td c6 nang lvong ion hoal cang nho
kha ndng tao thanh cation cang dé, dién hinh cho
khad nang nay la cac kim loai kiem vakiém tho

e Cac nguyéntb cé a lvc dbi voi electron cang 16n
cang de tao thanh cac anion, dién hinh cho cac
nguyén td nay la cac halogen, oxy, luu huynh.

» Nhu vay lién két ion dé dwoc tao thanh gilra
nguyén tb co tinh kim loai manh vanguyén té co
tinh phi kim manh
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* Su chénh léch dd am dién clia cac nguyén to cang I6n
tinh ion clia hgp chéat cang cao.
MOi quan hé gittado ion (%) vahiéu sd dd am dién cac nguyén to
theo Pauling

AX Po ion % AX P0o 1on % AX Do 1on %

0,2 1 1,2 30 2,2 70
0,4 4 1,4 39 2,4 76
0,6 9 1,6 47 2,6 82

0,8 15 1,8 55 2,8 86

1,0 22 2,0 63 3,0 89

e Luuy: khéng coé lién két ion thuan tuy, vi ngay trong tredng hop lién két ion
dién hinh nhw trong phan tir NaCl tinh chat ion chi dat dugc 94%. Ca ly
thuyét 1an thirc hanh da khang dinh mat do electron gilra cac ion khéng bao

gi0 bang khong.
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4.2.3 Tinh chat caa lién két ion.

lon dugc xem nhu quacau tich dién co dién truong phan
bd déu moi hudng trong khéng gian dan dén moét sd dac
diém clalién két ion nhu sau:

e Tinh khong bao hoa: thé hién & chd ion c6 thé hit céc
ion tré dau voi lwvgng khéng xac dinh.

 Tinh khong dinh huéng. N6 c6 thé hit ion tréi dau theo
bat ky hudng nao.

» Cé&c tinh chat nay cliaion cé anh hudng dén s phan bo
ion trong dung dich cling nhw trong tinh thé. Trong tinh
thé: cacion dugc bao boc bdi cacion tra dau vai lwc lién
két hoan toan nhu nhau

Slide 28 of 48 General Chemistry: HUI© 2006



4.2.4 Sy cuc hoa ( phan cuc hoa) ion

Khai niém Trong cac hop chat ion, d6 ion clialién két khéng bao gio
dat 100%, bdi vi cé&c ion nguoc dau khi dén gan nhau thi s phan cuc
(cwc hod) lan nhau Do d6 dam méy electron clia cation va anion
khéng tach r&i nhau ma che pha 1 phan

» Cac ion bi phan cwc manh khi cac e
|6p ngoai li1én két yéu voi hat nhan

« Ban kinh ion cang nho, diéntich ion
cang lon, cvong do dién truong cang
l&n hiéu trng gay cuwc hoa cang cao.

« Ban kinh ion cang I&n, dam may e
cang linh déng thi cang dé bi phan

CuUC Sy cwrc hoa cuaanion
| Cl- trong NaCl
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2. Cac yéu to anh huwong dén cuc hoa ion.

« Kha nang cuc héa ctiaion xay ravoi mic do khac nhau tuy thudc
vao dién tich, ban kinh ion va cau hinh eectron ciia ching.
e Cacion co cung cau hinh electron, dién tich cang |6n, kich thwéc
cang bé co kha nang cuc hoa ( tac dung phan cwc) cang manh
Li*> Na" > K*>Rb*> Cs".
Al3+ > Mg2+ > Na
« Khéa nang bi cwc hda ( bi phan cuwc) ctiaion phu thubc vao cau hinh
electron, dién tich vakich thudc cuano.
+ lon ¢6 cung dién tich vacau hinh e thi néu c6 kich thuéc cang
lon thi lyc hit cua hat nhan voi electron ngoal cung cang yéu nén
ching dé bién dang tirc dé bi cuc hda.
Li*<<Na" <K*<Rb*<Cs".
F <ClI- <Br<lI
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+ NEu ion cd dién tich gibng
nhau vakich thwéc gan

pang nhau thi tac dung

nhan cuwc nhd nhat la cau

ninh spf valén nhat 1a
s2pbd10

e Trong hop chat ion, cation
dong val tro ion phan cuc,
con anion dong val tro ion
bi phan cuc.
Vi anion thuwong cd kich
thuac [on, dam may
electron linh dong hon
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3. Anh hwéng ciia sw phan cwe ion dén tinh chat cac hop ch:

—Su cuc hoaion manh lam giam kha nang dién Iy thanh ion

BaCl, dién ly manh trong nwéc, HgCl, hau nhw khéng diénly: Do
cau hinh e clia Ba2* (5s%5p®) tac dung phan cuc yéu ion Cl-, con clia
Hg?* (5s25p®5d10) téc dung phan cwc manh ion Cl-

— D0 bén: phan cuc tvong ho gilra cac ion trong mot hop chéat 1am
tang d6 cong hdatri, giam dién tich hiéu dung, giam luc hat ion
gitachiing nén DO bén tinh thé giam

— D0 phan ly, nong chay giam

Chat LiF LiCl LiBr Lil

Nhiét do nong chay (°C) 848 | 607 | 550 | 469

Na*va Cu* cd ban kinh bang nhau, NaCl c6t°. = 801°C, nhuwng
CuCl cote.. = 430°C do Cu* CO téc dung crc hod manh hon Nat
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» D0 tan: kha nang hoatan clia hgp chat ion (mubi) phu thudc vao 2
yéu t6 lanang lugng mang tinh thé ion U vanang lvong hydrat ho&

cation E;. )
- Néu U > E, nhiéu thi mudi kho tan, nguoc lai thi dé tan
- Néu khi U tang va E,, gidm thi tinh tan gidm vanguoc lai thi tinh

tan tang,
- Nang lvong E,, phu thudc va kha nang phan cuc nudc cua cation,

khi cation phan cic niéc manh thi E, tang.

 Thidu
Mubi CaSO, SrSO, BaSO,
Po tan (mol/lit) 8.103 5.104 1.10°
U (kj/mal) 2347 2339 2262
E., (kj/mol) 1703 1598 1444
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4.3 Lién két cng hoa tri
4.3.1 Lién két cdng hoatri theo Lewis (1916)

NOi dung co ban: Laloai lién két dugc hinh thanh bang cach dua
ra electron hoatri cila minh dé tao thanh 1, 2, 3 cap electron chung
gilra 2 nguyeén tu

Nhw vay lién két cong hoa tri 1a loai lién két bang cap eletron
chung, cap e ectron chung duoc goi lacap eectron lién két

Khi tao thanh lién két, cac nguyén tir tham gialién két c6 8
electron & |G6p ngoai cung twong tw nguyén tlr khi hiém

Céc dectron khong tham giatao thanh lién két cong hoatri dugc
goi la cac electron khong lién két

Khi hai nguyén ttr lién két vi nhau bang 1 cip electron chung ta
co lién két don, 2 cap e chung lalién két déi, 3 cap elalién két 3
SO lién két gilra 2 nguyén tir goi la bac lién két
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Cong hod tri ciia mot nguyén to dwoc xdc dinh bang tong so lién két

cong hoa tri cua nguyén tw do voi cac nguyén tw khac trong phan tw

Lwu y: Tuy theo hop chat cu thé malién két cong hoatri co thé l1a
o Lién két cana hoatri khona cé cire

H21 He———e@H Cl - —— ® Ci

Cl,:

e Lién két cdng hoatri co cuc

HCI: T

e Lién két cong hoatri cho nhan: 'Iélloai lien két macap e
dung chung do mdt nguyén t dong gop
NH; + HY —— NHy
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Biéu dién lién két cong hoa tri

F 2s°p’ F
P 2sp’ - P

v — (i) e
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Qui tic bat tir

F + H Fl.H

. H H
O+ H I(I)—H

Méi nguyén tir khi tham gia lién két cé cdu hinh electron 16p ngoal
cung co 8 electron giong voi khi hiem (ns’p®)
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H,:

Cl,:

H++H — H.:H or H-H

oo oo oo Lién két

Cle + C| — :9“(.:.“ electrons

CI CI
electrons khéng lién ke/
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cocCl,

HOCI

Clo,-

CH,OH

Jo}

’ |
24 ve's :Cl-C-Ci:

14 ve's H-0O-Cl:

( PP \ —

:CI):
26 ve's :0-Cl-0

H
| ..
14 ve’s H—Clt—Q—H
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Cau tric Lewis

HEF: H—F 2

T:0O:T T:=:

General Chemistry:
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» Nguyén tr c6 thé dung chung 4 electron tao
thanh lién két déi hoac 6 electron lién két ba.
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Quy tic bat tir va cach tinh s6 electron lién két

S=N-A

 Stong O electron dung chung trong phan t.

» Nlatong sO electron can thiét & [&p ngoai cuing clia tat
ca cac nguyén tlr trong phan tir dé thu dwoc cau hinh khi
hiém (N = cho cac nguyén td |a 8, con Hydro |a 2)

* A D electron ¢ & |¢p ngoai cung cuatat cd nguyén tir
cd mat trong phan tir (ching taphéi diéu chinh A khi
nguyén tr thay thé bang ion) Thém electron ddi voi dién
tich am vatruv electron khi dién dwong).
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* BOi voi F,
- N =2x8: 16ecan
~A=2x7(2nguyéntlr F) 14 esanco
-~ S=N-A =16 -14 =2 edung chung
« BOi voi NH*,
~N= 1x 8(1NnNgttr) +4x2(4Hngtlr) =16¢€
- A =1x5(1Nngttr) +4x1(4Hngtt)-1(chol
dientich+) = 8esanco
—S= N-A=16-8= 8edungchung
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4.3.2 Lién két cong hoa tri theo

thuyét lién két hoatri (Valence bond-VB)
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Mo dau

+ Vi viéc giai chinh xac phuong trinh song Schrodinger doi véi hé
phan t&r khéng thé thuc hién duoc,do d6 nguoi ta diing phwong phap
gidi gan dung, trong do6 cd hai phwong phép duvoc sir dung rong rai nhat
la phuong phép lién két hoatri cia Heitler-London-Pauling-Slater
(VB) vaphuwong phép ocbital phan tir (MO) cua Mulliken- Hund-
Lennard Jones

+Phuong phdp VB xudt phét tir luan diém cho rang mt cap nguyén
tlr trong phan tlr duoc lién két véi nhau bang mot hoac mét vai cap
electron dung chung, nghidlalién két dwoc dinh cho gitra hai nguyén
ttr. Vi vay phuong phap nay con duoc goi la phuvong phap cap electron
dinh chd hay phuong phép hai € ectron- hai tam

+ Viéc giai PT Schrodinger theo phwong phapV B latim ham song
phan tir mo ta chuyén dong dong thdi clia hai electron trong phan ti .
Ham song dé duoc xac dinh mot cach gan didng bang tich cac ham
song nhguyén tir twong trng
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1.Phan to Hydro theo Heitler-London

Phan ttv H, dugc tao thanh tv H, vaH, 1.

vamdi nguyén t H cd 1 electron 1s. PN e ] 9
> 'l \l‘ ,~'~|
Electron 1 ciaH, dwgc mo ta bang v (1) 1 m A
. rla ,¢>* I‘ r2b
Electron 2 claH, dvgc motd bang y,(2) fz oo
ll Pae ’ a N ‘|
Néu bo quatuong tac ciahai nguyénte, (.-~ o
céc electron chuyén dong doc 1ap d6i véi 5 Tab b
nhau thi thi ham sdng cua ca hé latich hai
ham song riéng cua hai electron v, = v (1). v,(2

Thuc té hai e cd thé hoan doi cho nhau ma khong lam thay do hé do
do6 c6 ham gan dung khéc hoan toan tvong duong w,, = v, (2). w,(1)
T0 hop tuyén tinh cllahai ham trén la nghiém gan ding mo ta trang
tha cuahé 2 e trong phan tw
Wiz = Cy(1). wy(2) + Cow(2).w(1)

Giai pt nay, két qua co 2 truon hg;@_clzcz vaC,=-C
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= C{ va(D) we(2) + vi@-wy(D)) (12 ham d8i xtng)

Va = Calwa(D): wp(d - wA2wy(1)  (ham phan d6i xtng)
» Theo nguyén |y Pauli, (tng véi ham doi x(¢ng trng thi ham spin
phai phan ddi xing trc 12 2 electron co spintréi dau (11), con

ham phan doi x(¢ng thi ('ng vai ham spin phai doi xing, tirc la 2
electron co spin cung dau (1 1)

 Binh phuvong ham y cho biét mat do xac suat tim thay e ectron:
Két qua cho thay voi ham doi xirng cd sy tang mat do electron ¢
khoang gira hai hat nhan nguyén tir, con trvong hop ham phan
do6i xtrng co s giam mat do xéac suat electron & khoang gitra hat
nhan hal hguyén tu

» Sy tinh toan vé nang lvgng cho thay néu hai e cd spin trai dau thi
nang lvong clia hé giam khi hai nguyén t lai gan nhau, con Khi

hai e clng ddu thi nang lvong cia hé tang 1én khi hai e dén gan
nhau

Nhuw vay: Lién két cong hoa tri hinh thanh la do sy két doi clia
hai electron co spin trai dau. Tanoi & day co sy xen phd cla
hai orbital nguyén tu

Slide 47 of 48 General Chemistry: HUI© 2006



(a) ®,(1,2) =6, (1)1, (2)

ham song cua H, theo [N .
Heitler-LLondon Z,
g
a b
| ZE
- (©) ®,= 0+, (@) ©,=0,-, b
Lo T(D7(2) + ¢1,(2)00,(1) ¢,(1)¢7,(2) — ¢1,(2)p7,(1)
: ® , ’n - . 7
@ i bt b-_:JkJE‘C;:, ’f
d i b Z 21 21 ~ T "j ) ey
| | |
2,772, a z, b a 2, b
Slide 48 of 48 FIG.7: (a) ®a(1,2) = x¢(1)x~(2); (6) ®6(1,2) = xr(1)xe(2); (c)

Py =D+ P, = xeXr+XrXe: () Pu = Pa+ Py = XeXr — XrXe



Phan tu hidro theo Heitler -London

o 0 Add1t1on

& le o

(a)

Subtractlon o 0
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Nang lugng theo VB cua phan tir H,

= =
o L ha

HELﬁ:LTI"-.-*E ENERGY (HARTREE)

- H2
VB
| EEI'
| | | |
0 10 20 30 40 50 60 70 80

INTERNUCLEAR COORDINATE (BOHR)

FIG. 8: Energies of the g and u states of VB wave function.
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2. NOi dung An cu et lien ket hoa tri (VB

a) Khai niém vé lién két cong hoa tri

» Lién két cdng hoatri hinh thanh do sy ghép doi clia 2e co spin trai
dau vathudc vé 2 nguyén tir tham giatwong tac. Vi vay lién két

cong hoatri duoc goi lalién két hai electron-hai tam va phuong
phép VB duoc goi laphuong phép cip eectron dinh chd

» Lk cong hoatri dugc hinh thanh do xen phu gitra 2 orbital nguyén
t hod tri va thudc v@ 2 nguyén ti trong tac

» Lién két cong hoatri cang bén khi mirc do che phu clacac orbital
nguyén tir cang I6n

e Chi c0 xen pht dwong moi tao thanh lién két, (dau ciia ham song
phai giong nhau) khi do tich phan xen phti S= [ \|Ja\|!bd’c>0

Con néu dau ham song khac nhau thi sy xen pha am, vi co s day
nhau clia cac hat nhan nguyén ti, tich phan xen phti S< 0, khéng
dan dén s hinh thanh lién két

Ngoai raco sy xen phu khong, tiong tng S = 0, khi dé sir xen phu
khong tao thanh lwc hit hay [we ddy gitta hai hat nhan nguyén tu
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Cac kiéu xen phu: su tao lién két 6,m,0

L ién két sigma : Hinh thanh do s xen phu truc, tic la sy
xen phu xay radoc theo truc lién két gilra 2 nguyén tv Ki

hiéu o
9 GPo cao
S-S Sp P-p

el
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Li€én ket sigma

(a) s + p sigma overlap

(b) p + p sigma overlap
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e Liénkét =: Hinh thanh do
xen pht bén, Ki hiéu

@ bond (single bond)

g0

o bond 7 bond
(end-to-end (side-to-side
uxerlap} overlap)

Double bond

xen phu bénp+p Phan ter Etylen

Slide 54 of 48 General Chemistry: HUI© 2006



« Xen pht bén p-p tao lién két pi

Good overlap (Poor overlap
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Xen phil bén p-d va d-d tao lién két

o d-d
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Lién két cong hod tri &

 Khi hai AO d nam trong
cac mét phang song song
che phu nhau theo ca 4
“canh hoa”

* Lién két o twong doi it
gap
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Su xen phu khong ( S=0)
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Su xen phu am

oA QA -Q

8 XN A%
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b) Kha niing tao lién két cong hoa tri ciia nguyén to

va tinh bao hoa cua lién két cong hoa tri

Lién két cong hoatri c6 thé tao thanh bdi hai cach: cap e ghép doi

la g6ép chung hodc theo kiéu cho- nhan

e Theo co ché gop chung: Cong hoatri clia mdt nguyén td bang sd e
hoatri doc than cianguyén tir (¢ trang tha kich thich hoac co ban)

 Theo co ché cho nhan, thi cap electron ghép dobi clialién két cdng
hoatri chi do 1 trong 2 nguyén tir dwa ra, con nguyén tir kianhan
lay cap electron d6. Cap electron d6 goi lacap e ectron hoatri tv do.
No6i cach khac lado sy xen pht cia AO hoatri co 2 electron véi AO
trdbng clla nguyén tir kia

Vidu NHg+H* - NH,

*Trong truong hop chung: Kha nang tao thanh lién két cong hoa tri
cwc dai cla mit nguyén to bang sd AO hoa tri clia nguyén to do

» Kha nang tao lién két cdng hoatri ciia nguyén t6 han ché nhu vay
nén nguoi tagoi latinh bao hoa cliia lién két cong hoa tri

Slide 60 of 48 General Chemistry: HUI© 2006



¢) Tinh dinh hudng cta lién két cong hoa tri

e Tinh cd huwéng clialién két cong hoatri: Lién
két cdng hoatri duoc hinh thanh theo nhirng Z
hwdng nhat dinh trong khéng gian, phan ti
tao thanh co hinh dang xac dinh

e Vidu: SeH,gbc hoatri HSeH 90°

ap

Tuy nhién c6 nhiéu hop chat nhu H,O, NH,
CH, gbc hoatri khdng bang 90° ma chiing c6 géc
hoatri twong rng la 104,5° ; 107,3° va 109,5°%
Piéu nay chi duoc gidit thich dwavathuyét lai
hoa cuia cac orbital nguyén tr
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d) Thuyét lai hoa cac orbital nguyén twr

va cau hinh khong gian cua phan ti

— Cac nguyén tir khi tham gialién két khéng nhitng sir dung cac AO
thuan khiét s, p,d...maco thé sir dung cac AO trdn lan trong
nguyén tir dé xen phd véi cac AO clia cac nguyén tir khac, tao
thanh lién két cong hoatri

— Khi t6 hop (tron 1an) cac AO s, p, d ..tao thanh nhitng AO lai hod,
thi cac AO nay cb nang luvong, hinh dang, kich thwéc gibng nhau

— C6 bao nhiéu AO tham giavao lai hoathi c6 by nhiéu AO lai hoa
tao thanh va bd tri déi xirng nhau trong khong gian

— Diéu kién dé cac AO c6 thé lai hoalacéc orbital c6 nang lvong
gan nhau

—Céc kiéu lai hoa pho bién la sp3, sp?, sp, spid, sp3d?
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Vi du voi C-
Piéu kién lai héa: chi xay rakhi 2 orbital c6 nang
lvong gan giong nhau

A
- LI
)
2S l
Trang tha thuong trang thai lai hda
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e 1 orbita 2s+ 3 orbitan
2P = 4 orbital lai hoa
déng nhat goi latrang
thal lai hoa sp?

* nghialaobital nay ¥4
(25%) laban chat sva
¥, (75 %) laban chat p,
Truc chinh cua4 orbital
lai hoa sps phan bb
trong khong gian duoi
cac goc bang nhau
109928’ tao nén hinh
t&r dién déu.
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Céc orbital lai hoa sp’
e &

ls

=
Combine 1o generate
four sp orbitals

_‘I '!_ I‘ f

109°28’

ls

Which are r‘;:presented
as the set

l
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Lai hoa sp? fn66c thoc hien do soi to hdp 1 orbital s voi 2 orbital p

s A=

e Vidu1l: Phan t0 BH,.
e B(Z=5): 1st 2s! 2p?
« Ket hép voi 3 ngté H 1st

i
i
| .
- Hybridization .
o ——
i
t l .
2
i
i

Three sp® hybrid orbitals

= s A sp? hybrid
orbital

lllll
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Hinh dang AO sp?

e Truc chinh ctia 3 orbital lai hoa sp? nam trong mot mét
phang vatao v&i nhau tirng doi mdt mot gdc 120°. Con
mot orbital khéng lai hoda (thuan khiét) nam thang goc
v&i mét phang clia céc orbital lai hoa

o orbital

sprd oibrital _-5prd oabital

apd orbital

Copyright 1998 Jian Shen
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orbitals on a C atom
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Céc orbital lai hoa sp?

Combine to generate
three sp 2 orbitals

1
£
"

y ¥ Y
Which are

x » represented
as the set
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Lewis dot structure
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Phan tir BF,

Electron-pair geometry

General Chemistry:

Molecular geometry
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The set of orbitals 5p2 + p

™
H H H H
- C C
H H H™™7 g 4 H
™

Overlap of p orbitals leading to pi () bond
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Phan tur etylen
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» Lai hoa sp (lai hoa fiodng thang): so to hop 1
orbital s voi 1 orbital p (cua cung mot ngto)
cho 2 orbital lai hoa sp phan boi fioi Xdng co

i A®

goc 1800
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Hinh dang AO la1 hoa sp

* Hail orbital lai hoa sp cung nam trén mot truc thang, hai
orbital 2p khong lai hod con lai ndm trén hai mit phang

thdng goc voi nhau.

Copyright 1998 Jian Shen
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Vi du vé hop chat c¢6 nguyén tir trung tAm lai hod sp

Vidu 1: phan to BeH,
Be (Z = 4) 1s2 2s2 2p° RN

Khi phan dng voi H, Be bo kich ™ 1T
thich co cau hinh 1s%2s!2p!

Luc nay trong nguyen t0 Be xay
ra sO lai hoa gida orbital 2s va 2p

fie talo 2 orbital lai hoa sp.

phan t6 BeH,
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* Vidu 2: Phan t0 BeCl..

T1]7T
 Be(Z=4). 2s 2p'
Cl, (Z=17): 3s° 3p NN T
» Cl, 3s? 3p° NN T

€ o ’ O.,
\ / Two sp hybnds on Be\ /

o> P

CICE RTINS rnuiy 2006




Phan tur axetylen

Pisp Csp'C sp C P
2p 2p |
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Lai hoa sp’d

» Lasy to hop clacéc AO:
S, Py, Py P, vadz tao ®
thanh 5A0 lai hoa ¢o
truc hwdng vé 5 dinh cla
mot lwdng chop tam giac
(luc dién)

HUI© 2006
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Lai hoa sp3d?

e Lasyto hopclal AOs,
3AOpva2A0dtao
thanh 6 AO lai ho4 sp3d? .
hwdng vé 6 dinh cia mot
hinh bét dién

« Thidu SClg SFg,SiF...
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Du doan trang thai la1 hoa cua nguyén tu trung tam

e Duwavao goc hoatri

- Néu goc hoatri =109928’ |alai hoa sp?,
- Néu khi goc hoatri =120° [a sp?...

» Duavaotong T cliasd lién két o va s cap ety do &
nguyén tlr trung tam ( T=sO Ik o+ s cdp et do)

+

+ + + +

T=2 _
T=3 _
T=4 _
T=5 _
T=6 _
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noa sp
hoa Sp?
hoa sp°
noa spid

noa sp3d?
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Moi quan hé glu’a lien ket 6, SO cap e hoa tri tw do va trang thai

« S0 lién két o bang sd nguyén ti lién két vai nguyén ti
trung tam
 Pé tinh cap e tv do clia nguyén tl trung tam:
+ Tinh tong sO e hoatri X clia cac nguyén tlr trong phan tir
Néu phan tir co dién tich +athi sb ela X-a
Néu phan tir cd diéntich-bthi sb elaX+b
+ Tinh sb e bdo hoa danh cho c&c nguyén tir bién lién két
vOi nguyén tr trung tam (Y): tinh déi véi H 1a 2, cac
nguyén tir khac 1a 8
+ SO cap etw do = (X-Y): 2
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Vi du

Ph.tir | Ng tw X Y (X-Y)/2| T | La hoa
lon tr tam

Co, | C 4+(6x2) | 8x2 0 2 P

NO,* | N | 5+(6x2)-1 | 8x2 0 2 P

NH,* N 5+ (1x4)-1 | 2x4 0 4 gp3

COZ | C |4+6x3)+2| 8x3 | 0 3 | g

O, | S 6+ (6x2) | 8x2 1 3| g7

H,0O O 6+1x2 2 X2 2 4 sp3
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Hinh dang phan tir va goc lién két

AX,
AX,
AX,

AX

AX,
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Hinh dang Goc lién két

Thang 180°
Tam giac 120°
T dién 109.5°¢
Luc dién 90° / 120°
Bat dién 90°
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M6 hinh sw diy nhau ciia ciip electron l6p hoa tri

(VSEPR) cua Gillespie

Quy tac:
« Cé&c cap eectron |&p héatri phai duwgc phan bd cach xa nhau nhat dé
co duoc lwc day nhod nhat gitra chiing
« CO sy khdng twong duwong gilta cap e ectron lién két vakhodng lién két,
cap e khdng lién két chiém khodng khéng 1én hon
Lrc day clla cac cdp e gidm dan theo thi tu sau:

Cap e hoatri tv do- cap e hoatri tv do > Cap ehoatri tw do - cap elién
két > Cap elién két - cap elién két

NH; —» H—I‘lJ—H —=p 1\
H

H f‘“ 1
Lewis structure \

Hinh dang electron Hinh dang phan ti




CH,

* CH,: 4 cap edéu lién két va hutong vé 4 dinh clua
ttr dién; goc hoatri la 10928’

E
q -
=

109.5°—7 @
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NH,

« NH.: trong 4 cdp e c6 mdt cap tv do; lwc day cla
no lam cac cap e lién két xich lai gan nhau; goc
hoatri ciaH-N-H 1a 107,3°

<~—— lone pair of electrons
in tetrahedral position
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* H,O: 10p vo e hoatri cua O chira 2 cap hoatri tu
do dan dén céc lién két O-H xich lai gan nhau
hon, tir d6 goc lién két ciaH-O-H 1a
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So sanh goc hoa tr1 cua CH,, NH; va H,O

Tetrahedral

109.5°

Methane, CH,
4 bond pairs
no lone pairs
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107.5°

Ammonia, NH;
3 bond pairs
1 lone pair

General Chemistry:

Bent

104.5°

Water, H,0
2 bond pairs
2 lone pairs
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Anh huéng electron khong lién két 1én géc 1k

Goc lién két H-X-H giam tr C dén N dén O:

ITI o‘o o0
_.C N O
109.5° 107° 104.5°
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Anh huéng ciia lién két boi 1én goc lién két

» electron trong lién két bdi day xa hon
voi €ectron lién két don.

1112?@/\\]

124.3°
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SOe Hinhhoce ethamgialk ek®tham Hinh dang
gialk

T

rvonalplanar
L= X

P
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Hinh hoc e

etham gia
|k

e ko tham
gialk

Hinh dang
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e) Bic lién két cia lién k&t cong hoa tri

Cac Ik cong hoa trd co the la Ik fién (bac 1), Ik fioi (bac 2), Ik ba
(bac 3) ... fie noi len fac fdiem nay ta dung khai niem bac lien ket

Bac cla lién két dugc xac dinh bdi sO cap e tham gialién két gitta 2
nguyén tu

Tong so e tham gia lien ket

Bac lien ket = So lien ket o*2
Lien ket B Lien ket =1 Lien ket B
C-C 1 N - N 1 O0-0 1
C =—=C | 15 = 2 O~ O 1,5

N=N
C=C 2 N =N 2,5 0=0 2
C=C 3 N= N 3 O0=0 2,5
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Phan tir CO,

Bac lién két = (tong sO e tham gialién két/ 2x2 lién két) = 2x4 /4 =2
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» Phan ti BCl,

3p
2S 2p
(@) e} (e} -
3s 3p
Cl [X X XX | XX x*‘
7T e)

Bac lién két = 8/2x3 = 1,33
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