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3.1. Nhirng khai niém co ban veé lien két hoéa
hoc

3.1.1. Ban chat lién két
e Lién két hda hoc cod ban chat dién.

e Electron tham gia tao lién két hda hoc chu yéu
la nhifng electron cua phan I8p ngoai cung ns, np,
(n-1)d va (n-2)f, goi la cac electron hoa tri.

e 2 kiéu lién két chu yéu: cong héda tri va ion.
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3.1.2. Mot sO dac trung cua lién két

- PO dai lien két: |a khoang cach gilta hai hat
nhan cua cac nguyén tu tucng tac vdi nhau.

- GOc hoda tri: la géc tao thanh bdi 2 doan thang
tuong tugng noi hat nhan nguyén tu trung tam vdai
hai hat nhan nguyén tu lién két.

- Nang ludng lién két: |a nang lugng can tiéu
tén dé phé huy lién két hay la ndng lugng dugc
giai phong ra khi tao thanh lién két > dac trung
cho do bén lién két.
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Sap x€ép theo th( tu tang dan do bén
cua lien két CI-O trong day cac ion
ClO-, ClO,-, ClO5, va Clo, cé db dai

tudng Ung: 1,7; 1,64; 1,57 va 1,42 A.
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3.2. Lien két cong hoa tri

3.2.1. Phuong phap lién két hoa tri
3.2.1.1. N6i dung

e LK CHT cd s& trén cap e ghép dobi co spin ngugc nhau
va thudc vé ca hai nguyén tu tucng tac.

e LK CHT dudc hinh thanh do su che pha 1an nhau giita
cac orbital nguyén tur hoa tri cia cac nguyén tu tucng
tac. LK cang bén khi d6 che phu cua cac orbital
nguyén tu cang Idn.

e LK CHT co tinh dinh huéng, bao hoa va co cuc.
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3.2.1.2. Kha nang tao lién két cong hoa tri cua
nguyén to va tinh bao hoa cua lién két cong hoa
tri

Co ché gop chung: LK CHT dudgc hinh thanh do
su' gop chung 2 e hoa tri doc than co spin ngugc
nhau cua 2 nguyén tu tucng tac trong do moi
nguyén tu dua ra 1 - kha nang tao LK CHT cua
mOi nguyén to dugc quyét dinh bdi sO6 e doc than.

Vi du: cac nguyén tur H, O, N c6 sb electron do6c than tucng
unglail, 2, 3> H,O,Ncokhanangtao 1, 2, 3 LK CHT.
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Cd ché cho - nhan: Su hinh thanh cap electron
ghép doi cua LK CHT chi do mot trong hai nguyén
tu tucong tac dua ra, con nguyén tu kia nhan lay =2
kha nang tao lién két cong hoa tri phu thuoc vao
cac orbital nguyén tur hoa tri 2 electron va orbital
nguyén tu hoa tri tu do.

=2 kha nang tao lién két cong hoda tri cuc dai cua
mot nguyén to dudc xac dinh boi sé orbital
nguyén tu hoa tri cua nguyén to6 -2 tinh bao hoa
cua lién két cong hoa tri.
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Hay cho biét so electron hoa tri cua N
va so lién két CHT t6i da ma N cd thé
tao thanh trong cac hop chat cua no

la bao nhiéu?
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3.2.1.3. Tinh dinh huong cua lién két cong hoa tri

Muon cho lién két cong hoa tri tao thanh virng bén
thi mudc do che phu cac orbital nguyén tu tuong
tac phai cuc dai. Su che phu cuc dai xay ra theo
nhirng hudng nhat dinh d0i vdi cac orbital nguyén
t’r tuong tac > cac lién két cong hoda tri dugc tao
thanh theo nhiing hudng nhat dinh trong khong
gian = tinh dinh hudng cua lién két cong hoa tri.
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3.2.1.4. Thuyét lai hoa cac orbital nguyén tu va
cau hinh khong gian phan tu

e Cac orbital lai hoa dudc hinh thanh do su tu che
phu nhau gitfa cac orbital nguyéen tu trong mot
nguyén tu.

e Tuy thudc vao s6 va loai orbital nguyén tu tham
gia lai héa ma chung ta co6 cac kiéu lai hda nhu:
sp, sp?, sp?, spd, ...

Chuong 03 11
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e CO bao nhiéu orbital nguyén t’ tham gia lai hoa
sé co bay nhiéu orbital lai hoa dugc tao thanh.

e Muon cho su lai hoa xay ra bén viing, cac
orbital

nguyén tu tham gia lai héa phai co nang lugng

gan nhau, mat do e I6n va muc d6 che phu cao.
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Cac kiéu lai hda

Lai héa sp dudc thuc hién do su td hdp 1 orbital
s vGi 1 orbital p dé tao thanh 2 orbital lai hoa sp
phan bo doi xing duci mot goc 1809,

Be + Be — Be Be
25 2p two sp hyhrd orbitals simplified representation
of teo sp hvbrds

W) el ¢ o€ 3 Dn
\ /lﬁtamh}bndannﬂc\_‘ /

A model of Be{f]:, a linear _-‘LEE
molecule.
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Lai héa sp? dugc thuc hién do su tdé hgp 1 orbital
s v3i 2 orbital p dé tao thanh 3 orbital lai héa sp?
phan bo doi xing duci mot goc 1200,

2 Eﬁf
2p arbitals
B 120
B B B —_— L
F
A maodel of BF;, a wrigonal planar
AB; molecule. 5p? hybrid orbitals
B
. - 2
; T
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Lai hdéa sp3 dudc thuc hién do su td hgp 1 orbital
s v3i 3 orbital p dé tao thanh 4 orbital lai héa sp3
phan bo doi xung nhau trong khong gian theo

. 3 ’ : =t dién déu va 3i

nhirng goc 109928’
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Chuong 03 15

CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

3.2.1.5. Du doan trang thai lai hoa cua nguyén tu
trung tam

Trang thai lai hda cua nguyén tu trung tdm cé thé
dudc du ddan dua trén tong sb cla lién két o gilta
nguyén tu trung tam va cac nguyén tu bién va sb6
cap electron hoa tri tu do & nguyén tu trung tam.
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Bang 3.1. Mbi quan hé gitra so lién két o, s6 cap e hoéa tri tw
do va kiéu lai héa cua nguyén ttr trung tam.

So lién két | Sé cdp e hoa tri tw Téng s6 T | Kiéu lai hoa Vi du

- do (=(X-Y)/2)

2 0 2 sp CO,; BO,  NO,*

3 0 3 Sp?2 BF,; SO,; CO,%

2 1 3 SO,; O;; NO,

4 0 4 sp? CCl,; NH,*; SO,*

3 1 4 NH,; AsF;; SO,

2 2 4 H,O; HOF, CIO,
Chuang 03 17
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e Trong trudng hgp AB, co chua cap electron hoda
tri tu do thi do luc ddy manh hon cua cac cap
e hoa tri tu do doi vGi cac cap e lién két ma goc
hoa tri giam xudng (vi du: NH;; H,0).

e Trong trucong hgp nguyén tu trung tam cua phan
tr cé electron hda tri ddc than thi do luc day cua
e hoa tri doc than yéu haon cap e lien két nén goc
hoa tri sé tang lén (vi du: NO,).
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H3y cho biét kiéu lai hoa clia nguyén
tu N trong ion NH,~ va dang hinh hoc

cua ion NH,-.
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Hay cho biét trang thai lai hda cua
nguyén t0 C theo th{ tu tu trai qua

phai cua phan to CH,=C=CH-CH..
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3.2.1.7. Tinh co cuc va su phan cuc cua lién két
cong hoa tri

Trong nhirng phan tu cau tao tu 2 nguyén tu cung
loai dam may e lién két phan bo doi xi'ng trong
khong gian d0i vGi hai hat nhan nguyén to 2> LK
CHT khéng cuc.

Trong nhirng phan t cau tao tu 2 nguyén tu khac
loai dam may e phan bd khong doi xing va dich
chuyén vé phia nguyén tr c6 PAD cao hon > LK
CHT co cuc = LK CHT mang mot phan tinh ion.

Chuong 03 21

CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

3.2.1.8. Cac kiéu lién két cong hda tri va lién két
cong hoa tri nhiéu tam

e Lién két cong hoda tri o: ducdc tao thanh khi su
che phu gilra cac orbital nguyén tu tuong tac xay
ra theo truc noi hai hat nhan nguyén tu.

o Lién két cong hoa tri =: dudc tao thanh khi cac
orbital nguyén tu tucng tac che phu vdi nhau ve
hai bén cua truc noi hai hat nhan. Lién két n kéem
bén han lién két o.
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3.2.1.9. Bac lien két (BLK) cua lien két cong hoa
tri

e Cac LK CHT cé thé 1a LK don, ddi, ba, ... LK don
cé BLK la 1, LK,d(“)i c6 bac 2, va LK ba co6 bac 3.
BLK ciing c6 thé co gia tri le.

e Tat ca cac LK don déu thudc loai LK &, con cac
LK
co bac I6n hon 1 thi ngoai LK 6 con co thém LK =,
5, ... @ lam tang d0 bén LK = BLK tang thi do
bén
g g : Cerdngg . 23
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Bang 3.3. Cac dac trung lién két cha céac lién két C-C.

Lién ket Bac Po dai (A) | Nang lwong
(kJ/mol)
C-C 1,0 1,54 345,6
C-C 1,5 1,40 505,0
C=C 2,0 1,34 602,0
C=C 3,0 1,20 835,1
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H3y cho biét dac diém cdu tao (dang,
bac lién két, loai lién két) cua phan tu

N, va CO.,.
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Hay cho biét dac diém cdu tao (dang,
bac lién ket, loai lien ket) cua phan tu

SO,, biét nd cd goc hoa tri
0S0=11995.
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3.2.2. Phuong phap orbital phan tu (MO):
3.2.2.1. NOi dung:

e Phan tIr 1& t6 hgp thdong nhat, modi electron
chuyén déng trong trudng tadc dung clia cac hat
nhan va electron con lai. Trong phan tu, trang
thai electron dudc dac trung bang MO.

e Trong phan tu, cac electron dudc phan bo trén
cac orbital phan t& theo nhirng quy luat giong
nhu trén cac orbital nguyén tu (AO).

Chuong 03 30
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Cac MO hinh thanh do su t6 hgp tuyén tinh cac
AO. SG MO tao thanh bdng s AO tham gia td hdp.
Su to hgp tuyén tinh cdng cac AO dua dén su tao
thanh MO lién két, con su td6 hdp tuyén tinh trur
cac AO dua den su tao thanh MO phan lién két.
Ngoai ra con co MO khong lién két dudc hinh
thanh tUr cdc AO khdng tham gia td hap.

Ky hiéu: MO |k: oy, G54y Topy -; MO plk: o7,
Gsz*, ﬂ:zpy*, ; MO klk: GO, T[O,
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e SU td hdp cac AO thanh MO chi xay ra khi cé du
cac dieu kién sau:
> Cac AO phai gan nhau vé nang ludng.
> Cac AO phai che phu dang ké.

> Cac AO phai co dbi xirng giong nhau doéi voi dudng lién
két trong phan tu.

e Su t6 hgp cidc AO thanh MO thudng dugc biéu
dién dudi dang gian do nang lugng.
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BLK trong phéan tir dudc xac dinh bang so electron
k khong bi electron plk triét ti€éu va mot bac cua
ién két tucong Ung hai electron lién két. Khi BLK
bang 0, phan t&r khong tao thanh.

Bac lién két = (so6 e Ik — so0 e plk)/(2 x sO lién két o)
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Figure 9-3  Producton of 3, and 0, (bonding)
u‘?‘ molecular orbieals by nverlap of Atomic orhitals t
;_p “orbitals on two atoms. (head-on averap) Molecular orbitals
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iside-on overdap Molecular orbitals - o
an identical pair of molecular
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on the same two atoms (in this casa,
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3.2.2.2. Vidu

3.2.2.2.1. Cac phan tu hai nguyén tu cung loai cua
nhirng nguyén to chu ky I

Cac nguyéen tu H va He chi co mot orbital nguyén
tu 1s = cac orbital phan t& dugc tao thanh tu 2
orbital nguyén tr 1s. Su t& hodp tuyén tinh hai
orbital nguyén t&r 1s > 2 orbital phan tu: o, va
Cis -

Chuong 03 37
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MO H,* H, He,* He,

Gls* - - _I_

o). —+ | +H | +H
Bac lién két 0,5 1,0 0,5 0
Do dai lién két (A) 1,06 0,74 1,08 =
Néng luong lién ket (ki/mol) 255 431 251 -
H2+: (0-15)1
HZ: (615)2 R
He,*: (046)° (51*5 E
Hez: (615)2 (Gls )2
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3.2.2.2.2. Cac phan tu hai nguyén tu cung loai
cua nhirng nguyén toé chu ky II

Céc nguyén té chu ky II c6 5 AO cd kha nang td
hdp thanh MO:

e 2x1s> o6 vaoy
® 2 X 2S5 2 6,5, VA Gy
© 2 X 2, > Oopy VA Gopy”
° 2 X 2,, > Ty, VA My,

A *
® 2 X 2,, 2 Ny, VA Ty,
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Su phan bo cac phan mifc nang luong:
Cac nguyén to dau chu ky (I-V): 5,. < o, <
< < — < O < Mo = Mo < Oory
Gos Gos 71:2py T[2pz 2pX 2py 2pz 2pX
Cac nguyén to cuodi chu ky (VI- VIII) O < Gls
* — —
< (525 < Oy < C2px < Topy — Tops < nzpy = Tczpz <

Gpr
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MO Li, B, C, N, N,*
Gpr* - - —— -
TCZDy,Z*
Gpr — = BN _H_ —1
Ty = s o o s o o e e
Gy — —+ —+H- —++ —+H-
Gy, —+ —+ —+ —+H —+H-
Bac lién két 1 1 2 3 2,5
Do dai lién két (A) 2,67 1,59 1,24 1,10 1,12
NL  lién  két 105 289 599 940 828
(kJ/mol)
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MO 0,* 0, O, F, Ne,
Gpr* ——— —— —— _1_1_
* ) - ) - - - -
Tony.z | I | ¥ I T T
| ) | (. - i) (. - (- -
Topy.z ! | v I 4 | 3 ¥ [
Sopx —+ —+- —+H- —+H- —++
Gy —+H- —+H- —H- —+- —++
Oy —+- —+- —+- —+H- —+
Bac lién két 2,5 2 1,5 1 0
Do dai lién két (A) 1,12 1,21 1,26 1,41 -
NL  lién  két 629 494 328 154 -
(kJ/mol)
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Hay viét cau hinh electron phan
tlr cua ion CN- theo phucong phap
orbital phan tu (z la truc lién két).
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3.2.3. Phan tu CHT co cuc

e Phan tU CHT cdé cuc hinh thanh moét hé théng
luéng cuc dién, va do phan cuc dudc dac trung
bang moment IuGng cuc.

e Moment lu8ng cuc cla phan t bang tdng vects
cac moment luGng cuc cua cac lién két trong
phan tu.

e Cac phan tu doi xi'ng c6 moment luGng cuc
bang 0.
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So sanh goc hoa tri cua ba hgp

chat CH,, NH va NF;.

Chucong 03

CuuDuongThanCong.com https://fb.com/tailieudientucntt

46


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

3.3. Lién ket ion

3.3.1. Su hinh thanh hop chéat ion

e Tao ion: nguyén tU ducng dién cho electron
chuyén thanh cation va nguyén td am dién nhan
electron chuyén thanh anion.

e HGt nhau bang luc hat tinh dién giitra cac
ion:

Khi da dén rat gan nhau thi gitfa chung xuat hien

uc day gilra cac vo electron > khi luc day bang

uc hut thi phan td ion dudc hinh thanh.
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Na—e =Na"

v

Cation

Cl+e=CI

> Anion
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3.3.2. Nang luong lién két ion
Ak) = AY(k) + e + 1, (4.3)
B(k) + e = B(k) + Fg (4.4)
At(k) + B(k) = AB(k) + E (4.5)
> A(k) + B(k) = AB(k) + I, + Fz + E (4.6)
hay: A(k) + B(k) = AB(k) + E,g (4.7)
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3.3.3. Kha nang tao lién két ion cua cac nguyén
to

e Kha nang tao lién két ion cla cac nguyén to phu
thudc kha nang tao ion cua chung. Cac nguyén
to s nhom I, II va p nhom VII dé tao thanh lién
két ion vOi nhau.

e Trong lien két ion bao gid cliing co mot phan
cong hoa tri. Khi do ion > 50%, nghia la Ay >
1,7, lién ké&t cé thé xem la ion.
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3.3.4. Tinh chat cua lién két ion

Lien két ion co tinh khéng dinh hudng va khong
bao hoa.
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3.3.5. Su’' phan cuc ion

Hinh 4.4. Su bién dang cia
ddam may electron anion dudi
tdc dung phdén cuc cua cation
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e SU phén cuc ion la su chuyén dich ddm méay
electron doi vOi hat nhan cua mot ion dudi tac
dung cua dién truong mot ion khac.

e DUGi tac dung phan cuc cua cation, dam may
electron clia anion chuyén dich vé phia gan hat
nhan cua cation hon - cac dam may electron
cua cation va anion bi che phu lan nhau mot
phan = lk ion mang mot phan tinh CHT.
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e Jon sé bi phan cuc cang manh khi cac electron
ngoai cung lién két vaéi hat nhan cang yéu > khi
dién tich va cau hinh electron cua cac ion nhu
nhau, do bi phan cuc cua chung tang Ién theo
chiéu tang kich thudc ion.

e Cac ion co dién tich gibng nhau va kich thudc
gan nhau thi d6 bi phan cuc sé nho nhat & nhitng
ion c6 cau hinh electron khi tro s2p® va I6n nhat ¢
nhi{rng ion co cau hinh s2p®d19,
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e JIon co0 tac dung phan cuc cang I6n khi dién
trudng cua no tao ra cang manh =2 khi dién tich
cua ion tang thi d6 phan cuc tang = cac ion co
nhiéu dién tich cé kha nang phan cuc Idn nhat.

e Néu cac ion co6 dién tich va cau truc electron nhu
nhau =2 do0 phan cuc cua chung giam khi kich
thudc tang do viéc tang kich thudc lam giam tac
dung cua dién truong.
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Sap xép cac hgp chat VCl;, VCl,,

VCl,, VCls theo sy tang dan tinh
cong hoa tri cua lién két.
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3.3.6. Anh hudng cua su phdn cuc ion dén tinh
chat cac hop chat ion

- Su dién ly: giam kha nang dién ly cua hdp chat
ion trong dung dich thanh cac ion.

- D6 bén: dd bén tinh thé gidm > nhiét dd phan
ly, nhiét d0 ndng chay cua hgp chat ion giam.

- DO tan: Kha nang phan cuc nudc cua cation tang
- E, tang - tinh tan tang.
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3.4. Lien ket kim loai

3.4.1. Lién két kim loai

O trang thai khdi rdn, mang tinh thé kim loai dugc
tao thanh bdi nhirng ion ducng & nut mang va cac
electron tu do - la nhitng electron hoa tri bi but ra
khoi nguyén tu - chuyén ddng hon loan trong toan
bd tinh thé kim loai > khi electron > lién két gilra
tdp thé ion duong va tap thé electron goi la lién
két kim loai.
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Hinh 4.45
Mang tinh thé kim loai héa tri mét
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3.4.2. Ly thuyét mién nang luong vé cau tao kim loai

1. Mién héa tri
2. Mién din
3. Mién cdm

et L
---------
AL LT T

WL L LI T Ty
...........

= : _b) c) d)
inh 4.49. Vl tri tuong hé va su phén b6 electron trén cde mién ndng luong
trong tinh thé kim logi (a,b), chdt bin dén (c) va chat cdach dién (d).
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3.5. Lién ket Van der Waals

e La loai lien két xuat hién gilfa cac phan tu, co
ban chat dién, c6 nang lugng nho.
e Luc lién két van der Waals gom 3 thanh phan:
> Tuong tac dinh hudng.
> Tuong tac cam ung.
> Tuong tac khuéch tan.
e La nguyén nhan gay nén cac hién tugng hoa

long, hda ran, hoa tan, hap thu,... cia cac chét,
ké ca khi tro.
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3.6. Lién két hydro

e Lien két hydro dudc tao thanh nhd nguyén tu H
khi lien két v8i nguyén t& am dién bi phan cuc
ducdng = khi bi nguyén tu cua nguyén to am dién
khac hut = tao lien két hydro = lien két hydro
vua co ban chat dién vua co ban chat cho nhan.

Vidu:H>F..H=>F.H>F

e Lien két hydro bén hon lien két van der Waals
nhung kém bén hon LK CHT. Lién két cang bén
khi nguyén t6 am dién c6 d6 am dién cang Ion.
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e Lién két hydro cling c6 thé dudgc hinh thanh gilta
nguyén t& H phan cuc duong va nguyén to am
dién khong lién két voi no6 trong mot phan to >
lien két hydro noi phan tu.

e Lien két hydro anh hudng dén mot s6 tinh chat
vat ly va hdéa hoc cua cac chat. Lién két hydro
cling dong vai tro quan trong trong cac qua trinh
ngung tu, két tinh, hoa tan, dién ly, tao hydrat,...
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Different strengths of bonding interactions

Strength of bonding
interactions (kJ/mol)

Ionic bonding 100-1000
Covalent bonding 100-1000
Dipole-dipole intermolecular forces 0.1-10
Dispersion (London) forces 0.1-10
Hydrogen bonding 10-45
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Trong cac loai lién két ion, cong hoa tri,
hydrogen va van der Waals, lién két

nao co nang lugng lieén két nho nhat?
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Loai lien két nao la chu yéu trong hgp

ch&t CH,OH?
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