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HOA PAI CUONG

Chuong 4:Lién két hda hoc va cau tao pt

(TIEP THEO)
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4.3.3 Phuong phap orbital phan tor (MO)
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Thuyét VB c6 nhiéu vu diém, nhwng trong nhiéu
trvong hop thuyét VB khong giai thich duwoc ban
chat lién két duvoc tao thanh hoac giai thich
khéng diing dan tinh chat clia phan tir

» Khoéng giai thich dwvgc s tén tai ciaH.*

» Khong giai thich dugc tai sao O, thuan tw

« Khdng giai thich duoc viéc birt electron ra khoi
phan ttr lai 1am bén lién két .

Chat: F, F,* O, O,*

E, «(kj/mol) 155 320 494 642
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1. Luan diém co ban ctia phuong phap MO

» Trong phan t, tinh doc lap cla cac nguyén t khong
con ton tai ma phan tir la mét td hop thong nhat bao gom
cac hat nhan nguyén ttr va cac e cua cac nguyén tu tao
thanh phan tir. Hay ndi cach khac, phan tir ¢o thé coi |a
nguyén tir da nhan phurc tap

* Phan tlr c6 cau trdc orbital nhv nguyén tir, nghialatrong
phan tir cac e duoc dac trung bai orbital phan tv MO
tvong tng voi ham song xac dinh.

« Céc MO duoc tao thanh tir si t6 hop tuyén tinh (t6 hop
cong vatrir) ciacac AO. Trong AO, cac e duoc dac
treng bang cac so lwong tlr vatwong tng voi cac AO cd
téns, p, d, f ... thi trong MO e ddc trung bdi bd cac sd
lvgng tr vatuwong irng voi cac MO co tén o, =,0,0....
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e CO bao nhiéu AO t6 hop lai cho bay nhiéu MO.
Céc AO duoc sl dung td hop phai thda méan céc diéu kién sau:
+ C6 E gan bang nhau
+ CO mirc do che pht dang ké
+ Co6 tinh déi xirng gidng nhau doi v&i truc ndi hai hat nhan
nguyén t
e Chi cac AO cd tinh d6i xirng gibng nhau méi co kha nang
xen phi véi nhau tao thanh mot MO lién két hoac phan lién
két tuy thudc vao mién ctla ching & vung xen pha. Boi voi
cac AO khéng co tinh ddi xirng nhau thi khdng xen pht (S=0)
khi d6 tacé MO khéng lién két.

So electron lien ket — So electron phan lien ket
2
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2. Thuyét MO ddi véi phan tit H,", H,, He," va He,

% .
V=2 O, rA/\rB
H‘A AB I:B

2 AOs (0A,dB) = 2 MOs (y+,y-)
Yy = N+((|)A + (I)B) MO lien két
V_=N_(d, — dg) MO phan lién két

N, = L N = 1

T 21+ Spg) NN

Slide 7 of 48 General Chemistry: HUI© 2006




Vé ning luong

o Tu phwong trinh H w= E v, nhan 2 vé voi v roi tich phan toan
khong gian vatlr diéu kién chuan hoa clia ham v ta cé két qua

+ E=a+f,
+ E=a-0,
(avap <0)
e Trong do

a: tich phan coulomb bang ning lvong cliae & AO 1s va bang
nang lwvgng H ¢ trang thai co ban,

B: tich phan trao doi la nang lugng tuong tac clla2 AO 1s,va
1s,
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Ve = 01(A) + 91(B)
V.= (I)IS(A) - (I)]S(B)

Ennarced

MO lién két |

MO phan lién két
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S t6 hop cac orbital nguyén tr

TO ho’p cOng ,
PR W MO lién két
ls, + lsg o
TO ho’p tror
MO phan lién két
15, — lsp
Y, =0, +0, Y, =0¢,-0,
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*

3. Phan t0 2 ngtd nong hach A2

Chuky 1: H,*, H,, He,*, He..

Cac ngto thuoc chu ky 1 chz co 1 I6p 100ng td 1s do vay
sd to hdp tuyen tinh cua 2 ngtd cho ta 2 MO o, va 6,.*
Cau hinh electron cua ion , phan t6:

H," (1e)  (o4)?

H, (28) : (044%)?

A ez+ (36): (Glslk)z(gls*)l

He, (4€) : (01492 (01"
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MO phan tu H,
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MO H," H, He,” | He,
5, T
c, . T ™ ™ ™

Bac lien | 0,5 1 0,5 0
ket
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*

Chu ky 2

Moi ngto cua ngto thuoc chu ky 2 choa toi
na 5 orbital. 1 orbital 1s, 1 orbital 2s va 3

orbital 2p.
Nho vay so tol hop tuyen tinh 5 orbital nay
taio nen 10 MO khac nhau gom:

* * *
G}f’ O 19 c725’*6 25! C52px’ O 2pXx? Tc2py’
T 2Py’ TCsz’ T 2Pz
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'TFEP

(c) (d)
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. 00 <~ Q-

tr;;, (antibonding)

Tap (honding)

frr; - (antibonding )

Wan (bonding)

ﬂgp tantibonding )

T2 (bonding)
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e Cac ngto nau chu ky (Li, B, C, N) nang
lwvong céc MO phan té nhd sau:

® 015 < O3 < Opg SOp™* < Ty, = Moy < Ogpy S
7t7ksz = TC*Zpy < G*pr

» Noi vdi cac nguyen to cuoi chu ki (O, F,
Ne)

° O1s < 615* < O <525>1< < c72px < anz = 7T2py <
TC*sz = TC*Zpy < G*pr
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*

» Glan No nang 100ng cac phan td nau chu ky

y E
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&Sb phan bo cac e hoa tro tren cac MO

MO Li, B, C, N, * N,
G*pr

T opz = T 2py
oy 1 1

My = Tapy R R R
-y 1 1l 1l o
5, 1 1 1 1 1
B, 1 1 2 2,5 3

d,. (A% 2,67 1,59 1,24 1,12 1,1
E, (kimol) | 105 | 289 | 599 | 828 | 940
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e

Gian no nang I60ng cac phan td cuoi chu ky,
4 E *

c72px

25 25
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SO phan boi cac e hoa tro tren cac MO

MO 0,* 0, O, F, Ne,
G gpx ™
Ry =Ty | 1 R T
o =m | T NN NN N NN A
oy 1l 1l 1l 1l T
_p 1 1 1l 1l 1l
5, 1l 1l 1 1l 1l
B, 2,5 2 1,5 1 0
d, (A% 1,12 1,21 1,26 1,41
E, (kJ/mol) | 629 494 328 154
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Vi du MO cua phan tu O,

/\zn%++f ......... j;$ ******** A
2s 'H"' H u*gs 926

Energy

18 -H—

0 o, 0
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L S
 Phan t6 2 ngto do hach AB

Toong to nho phan to hal nguyen to
flong hach sl to hoip tuyen tinh 5 obital
nay cung tao nen 10 MO khac nhau
gom

x* x* x*
O190 O 151 O290 O 25 T2pzr Topyr O2pxr ™ 2pz
T 2py’ O 2PX
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Orbital nguyén ter Orbital phan ttr Orbital nguyén ter
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Phan tu 3 ngtu AB.. W
 Vidudoi vai H,O
— O: 1 A0 2s, 3 A0 2p ( 2p, khdng tham gialién két)
- H:1AO1s

Fy =Y.(H) -Y.(H)
Overlap with 2p, (O) *~——_ @,G\Q o — 1B s 1s

O e

i N

®/C\@ e S W (H)+ (H )

Overlap with 2s, 2p,
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WA tuwong téc vai 2 AO cua O: 2sva 2p,
orbital:taoral AO lién két, 1 AO phan lién két, 1

AO khong lién két:

Oxygen AOs Gz

Epf_ _'.;.'_.:__.-.-I L JEIE ﬂ_t;l___--"-.- I--_:_-

g i
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WB twong tac voi AO 2p, cua Otaoraag, va
phan lién két o, * orbital

o
m Out-of-phase

7
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Group orbitals
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#- Nhan xet

-Phdong phap MO de dang xac fionh mot ngto co
tinh thuan td hay nghoch t6 doa vao gian o hang
|60Nng cua chung.

- Theo ph6ong phap MO khi nhan E cac e co kha
nang chuyen td cac orbital phan t6 co E thap ben
dodi len cac obital phan to co E cao ben tren va
ngooc lai khi chuyen td cac orbital co nang 166ing
cao ve cac orbital co E thap chung se phat ra mot
boc xa co E t66ng ong. Nieu nay giai thich fiooc
mau sac cua cac hop chat.
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Benzene

(a) o bond framework

(b) 7 bonding (¢) Symbolic representation
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Benzene
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4.4 Lién két kim loai

 Kimloai khong trong su6t, phan xa anh sang tot, co tinh
déo, dan nhiét t6t nhuwng dac trung ndi bat hon hét 14
tinh dan dién cao ctiand. Tabiét ré du moét dién trwong
rat nhé ap dat vao kim loai cling gay ra sy chuyén dong
cla electron tao radong dién. Biéu nay chirng to trong
kim loai ton tai mot lwogng electron khoéng bi rang bubc
P o chinh la cac e ectron hdatri. Cac electron hoatri lién
két nhat thoi v&i nhiéu nhan nguyén tir nén nguoi ta goi
lién két kim loai lalién két khdéng dinh ch6 . Nhitng
electron nay con duoc goi la electron truyén dan, ching
c6 thé chuyén dong trong toan b thé tich khdi kim loal
nén trang thai cuaching phai dugc mo ta bang cac
orbital N tdm, N la sd nguyén tir ciia khéi kim loai.
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4.4.1 Cau tao kim loai va lién két kim loai

 Nguoi tacoi trang thad khdi ran mang tinh thé kim loa
dugc tao thanh bdi nhitng ion dwong ¢ nat mang va cac
e chuyén dong tu do trong toan bd tinh thé kim loai

 Tuy nhién khi chuyén dong cac e co thé két hop véi ion
duwong nao do trong mang tinh thé tao nguyén t& trung
hoaroi ti€p tuc bt dé tiép tuc chuyén dong. Nhuw vay
trong tinh thé ludn luén cé céc ety do, va chinh céc e tu
do nay tao nén dang lién két trong tinh thé kim loai

* Lién két nay c6 tinh chat khdng dinh chd cao dd hay nai
cach khac lalién két rat nhiéu tam
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4.4.2 Ly thuyét mién ning lugng vé cau tao kim loai

» Thuc chat laphuong phap MO &p dung cho hé thong
khoang 1022 nguyén ttr

 Theo MO khi 2 nguyeén t* kim loai tvong tac voi nhau
thi s£ xdy ra s xen phu clia cac AO dé tao racac MO
lién két va phan lién két tire |a téch thanh 2 trang théi
nang lvong

* Khi ¢6 N nguyén tir twvong tac voi nhau tao thanh N
trang thai nang lugng phan tt. Vi N rat lon nén cac cac
trang thai nang lwong rat gan nhau tao thanh mién nang
lvgng cé nang lvgng chénh |éch rat it, nén co thé coi la
giai nang lugng lién tuc

» Twong ng voi trang thal nang lugng s,p,d, trong
nguyén t¢ & co cac mién nang lwvong s,p,d,.. twong (rng.
Trong moi mién nang lvgng cac orbital ctiand ciing co
tinh chat twong tw nhw MO phan t
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*Mién chira.cac e hoatri goi lamién hoatri va o
trén mién hoatri lamién dan .Tuy theo cau tao cla
nguyén ttr vatinh déi xirng clatinh thE macac
mién nay c6 thé che pht hodac khdng che pht.
Néu khong che phu thi ¢ xuat hién mién cam

Sy Sap XEp cac e vao c&c mién nang luong cling
tuan theo quy luat chung khi dién e vao céc
orbital: theo trat ty tang dan vé nang luvgng, co 2e
trén moi orbital ¢é spin khéc dau...Nhu vay co toi
da 2N electron vao mién s, 6N doi voi mién p,
10N dbi véi mién d, 14N déi véi mién f

Slide 38 of 48 General Chemistry: HUI© 2006



4.4.3 Ap dung thuyét mién niang luong dé giai thich

ban chat cua kim loai, chat ban dan va chat cach dién

» Tuy thudc vao dic treng phan bd va sip xép electron
ma c&c chit ¢ thé lakim loai, ban dan hodc céach dién

« Poi voi kim loai: mién hoatri céc e khdng dugc dién
day hodc duoc dién day. Boi véi cac kim loai ma e chua
duoc dién day thi trang tha nang lwvong tw do con lai |a
mién dan ( Vi du Na&). Trong trdng hop mién hodatri
dién day nhv Mg thi mién hodtri vamién dan xen pht
nhau (3s va 3p) nén sau mién hoatri lamién tv do. Nén
khi c6 téc dung cliadién truong thi cac e dé dang chuyén
ravung tw do
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 Chat cach dién: mién hoatri dwoc dién day va
mién dan cach nhau bdi mién cdm cd AE =3 eV,
nén dién truong thuong khdng thé kich thich e
chuyén tir viing hoa tri sang vung tv do

o Chéat ban dan twong tw nhu cht cach dién nhung
do AE bé nén khi dot ndng, chiéu sang thi nd van
dan dién
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4.5 Lién két Van Der Valls

1. Dac diém clialuc Van Der Vaals
L e twong téc cua nhitng phan tir trung hoanhv H,, N,
CH, ,...khi lai gan nhau lam cho ching ton tai ¢ trang
thai khi thuc, trang thai 1ong vatrang tha ran laluc phan
tr hay con goi laluc Van der Vaals (Van der Waals
1837-1923, nguoi Ha Lan, giai Nobel vat ly 1910).

Luc Van der Vaals co dac diém:

« Luctontai trén khoang cach tvong doéi 16n. Néu khoang
cach gilracéc phan tir qualdn (ap suat rat nho) thi co
thé coi nhu khéng c6 luc Van der Vaals

« Khong bao hoa, khdng chon loc, khong dinh hwdng.
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* Nang luvgng twong tac tvong déi bé so véi nang
lvong lién két hdéa hoc. Nang lvong Van der
Vaas chi vao khoang phan muoi kJ/mol .

e Luc Van der Vaals co ban chat tinh dién
Coulomb
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2.Ba thanh phan tuong tac cua luc Van Der Valls

 Hiéu rng (twong tac) dinh hwdng hay tvong tac
lwvdng cuc - lwéng cuc: Lwc Van der Vaaston tai la
do twong tac dinh hwéng cla cac phan ti lién két cong
hoatri phan cwrc. Tuong tac nay cang |¢n khi momen
lwéng cuc ciia phan tir cang |on

e Hiéu rng (twong tac) cam rng. Latuong tac cuacac
phan tir ¢ cuc vakhong co cc Twong tac cam tng
gay rado lvdng cwc vinh ciru. Lwdng cwe vinh clru cia
phan tir tao nén mot dién trvong lam phan cuwc hda cac
phan tir xung quanh tirc lam cam trng trong cac phan tu
nay mot momen lvdng cwc cam &rng.
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« Hiéu rng (trrong tac) khuyéch tan gay rado su phan
cwre nhat thoi clla cac phan tir hay nguyén tir trung hoa.
Tabiét cac electron quay xung quanh hat nhan nguyén
ttr c6 thé & vi tri bat ky nao trong bat ky thoi diém nao
nén co sir khong trung nhau gilratam dién tich dwong va
dién tich &m tao nén luéng cuc nhat thoi va phuvong cla
lvdng cuc nhat thoi thay doi nhanh chéng. Bién trwong
clla lvdng cwrc nhat thoi c6 thé cdm (rng cac phan tir
xung quanh no, tao raludng cwc nhat thoi khéc vacac
lvdng cwc nay hat day nhau theo moi huwéng gay raluc
khuyéch tan .
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4.6 Lién két Hydro

4.6.1 Ban chat

 Thuc nghiém da chirng minh la cac hgp chat nhv H,0,
HF , NH; & trang tha long (cd khi ca trang tha khi )
thwong két hop mot sO phan ti lai véi nhau thanh
nhirng phan ttr 1&n hon.

* Vay ban chat cialk H lalién két gilta nguyén tir H
da tham gialién két cong hoa tri mang mét phan
dién tich dwong voi nguyén tir hoac anion ¢ ban
kinh nho, c6 cap e chuwa sir dung

X8  H8*...Y

Slide 45 of 48 General Chemistry: HUI© 2006



 Lién két hydro c6 nang lwvong bé vao khoang 20 -
40kJmol xap xi bang 1/10 nang luong lién két
héa hoc nhwng manh hon lién két Van der Vaals.

 Thuong lién két hydro duoc ki hiéu bang nét
cham cham(....)
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4.6.2 Piéu kién tao thanh lién két hydro

- X phai c6 dd am dién I6n dé H mang mot phan dién tich duvong
(X;F,O,N, Cl, Br...)

-Y c6 cap echua s dung vaban kinh nho

(Y: F, O, N)
Luru y: dé tao lién két H bén
Lién két hydro gay rado electron chuyén dich tlr H vé phia

nguyén ttr ¢ dé &m dién Ién lam cho H gan nhu lamét proton HY,
diéu nay lam cho nguyén tir c6 dd am dién cao clia phan tir khéc
(Y) lai gan né hon.
Pod am dién cianguyén tir lién két véi H* cang cao, cap ecliaY
cang linh dong thi lién két hydro cang bén. Baoi vay lién két hydro
dac trung cho céc hop chat c6 dd am dién cao nhu F,O,N vait hon
vOi cac hop chat ciaCl, S...
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4.6.3 Cac loai lién két Hidro

 Lién két hydro lién phan ti

 Lién két hydro nbi phan tu:
xay rachi trong 1 phan tt,
chang han nhu lién hydro

nbi phant xay ratrong o, 5

z A oo , AN S F\ 0
cac phan ti o- nitrophenol, '~ H C H
o-clophenol, andehyt O 0
salyxilic, cac amino axit / /
+ Diéu kiéntaolién két H
nol phan tw: Khl tao llen octo- Nitrophenol andehit salyxilic

két H ndi phan tir tao vong
5 hoac 6 canh
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4.6.4 Anh hudng cta lién két Hydro

+ Nhiét do sbi vanong chay

+ PO tan
Nho lién két hydro gilra phan tir nuéc voi phan tir chat
tan manudc hoatan tot mot sd chat nhu cac axit hiru co,

nalogenua hydr6, cac amin hay ruou...Lién két hydro

am giam do axit.

Khi tao Ik H nbi phan tr giam dé tan trong nwdc nhung
tan trong dung moi khong phan cuc

+ Tinh chét pho va ciu dang
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