Chuwong IV: Lién Két Héa Hoc Nguyén son Bach

Chuong IV. LIEN KET HOA HQC VA CAU TAO PHAN TU
I. NHUNG KHAI NIEM CO BAN VE LIEN KET HOA HOC
1. Sw hinh thanh lién két héa hoc:

e Khi cac nguyén tir & that xa nhau tién dén gan nhau tuong tac du tién xuét hién 13 tuong tac
hat, dén mot khoang cach nhat dinh bat dau xuat hién tuong tac day, khi c6 su can bang
gitra hai luc thi lién két hoa hoc hinh thanh.

e Lién két hoa hoc hinh thanh twong Gng véi cac nguyén tir phai sap xép lai ciu triic e cac
phan 16p ngoai cung sao cho dat tong nang luong chung ctuia hé phai ha thap xuong thi lién
két méi bén, nghia 1a khi ¢6 s tao thanh lién két thi qua trinh phat nhiét (AH < 0)

2. Ban chét lién két héa hoc:

e Lién két hoa hoc c6 ban chit dién vi co sé tao thanh lién két 1a luc tuong tac gitra cac hat
mang dién (e tich dién am — hat nhén tich dién duong).

® ®

Aftractive Forces

. Repulsive Force .

Repulsive Force

Hinh 4.1. Twong tdc giita cac hat mang dién

e Trong cac tuong tac hoa hoc chi ¢6 cac e cua nhitng phan 16p ngoai cing thuc hién lién két,
do la_cdc e héa tri. Cac e hoa tri nam trong cdc AQ hda tri.

e Theo co hoc luong tir, nghién ctru lién két 13 nghién cru sy phan bd mat do e trong trudng
hat nhan cua cac nguyén tur tao nén hop chat.

3. Mot sb dic trung cua lién két:

Nhirng thong sé chinh dic trung cho phan tir va cho lién két 1a do dai lién két, goc hoa tri va
nang luong lién két.
< Do dai lién két (1):
La khoang cach giira hai hat nhan cta cic nguyén tir tham gia lién két. Do dai lién két thay

d6i ¢6 qui ludt va phu thudc vao: ban chat nguyén ttr (kich thude, d6 am dién ), kiéu lién két
(don, d6i, ba).

Average Bond Lengths (in A)

C—C 154 N—N 145 C—H 1.10
C=C 134 N=N 125 N—H 1.01
C=C-. 120 N=N 1.10 O—H 0.96
C—0O0 143 N—O 143 C—N 147
C=0 120 N=0O 1.18 C=N  1.16

% Géc hoa tri (géc lien két):

La g6c hop boi hai doan thang ndi hat nhin nguyén tir trung tAm voi hai hat nhan nguyén tir
lién két. Goc hoa tri thay doi co qui luat va phu thude vao:
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% Lone pairs cccupy one 3p

> Ban chit nguyén ti.

> Kiéu lién két. (HsC—CHs: CCH = 109°28");
(H,C=CH,: CCH = 120%); (HC=CH: CCH = 180°)

» Dang hinh hoc phan tu.

‘ orbital and one 35 orbital

> Tuong tac day giita cac doi electron lién két va khong lién két trong phan ti.

% Ning luwong lién két:

La nang luong can tiéu tén dé pha huy lién két thanh cac nguyén tir ¢0 1ap ¢ thé khi (hay
cling chinh 1a nang lugng giai phong ra khi tao thanh lién két tir cac nguyén tir ¢6 1ap thé khi
ban dau ).

A—B(k) + Exg © AK) +B(k) =>Ears =Epaniyas
AB,(K) + Easn < A(K)+nB(k) => Epp= % Eaen

Ning luong lién két phu thude vao do dai lién két, do boi lién két (bac lién két) va do bén
lién két. Nguoi ta nhan thdy :*Bdc |kt, E Ik?1, do bén k1, dé dai lk||*

Table 9.2 | Average Bond Energies (kJ/mol} and Bond Lengths (pm)

Bond Energy Length Bond Energy Length Bond Energy Length Bond Energy Length

Single Bonds
H—H 432 T4 N—H 391 101 S5i—H 323 148 S5—H 347 134
H—F 365 92 N—N 160 146 Si—Si 226 234 5—35 266 204
H—Cl 427 127 N—P 209 177 S5i—0 368 161 §—F 327 158
H—Br 363 141 N—O 201 144 S5i—S§ 226 210 §—Cl 271 201
H—I 295 161 N—F 272 139 Si—F 565 156 5—Br 218 225
N—CI 200 191 Si—Cl 3E1 204 5—I ~170 234

C—H 413 109 N—Br 243 214 Si—Br 310 216
c—C 347 154 N—I 159 222 Si—1I 234 240 F—F 159 143
C—=5i 301 186 F—Cl 193 166
C—N 305 147 0—H 467 96 P—H 320 142 F—Br 212 178
CcC—0 358 143 0—P 351 160 P—S5i 213 227 F—I 263 187
C—P 264 187 0—0 204 148 P—P 200 21 Cl—Cl 243 199
C—=8§ 259 181 0—5 265 151 P—F 490 156 Cl—Br 215 214
C—F 453 133 0—F 190 142 P—Cl 331 204 Cl—I 208 243
C—Cl 339 177 0—Cl 203 164 P—BEr 72 222 Br—BEr 193 228
C—Br 276 194 O—Br 234 172 P—I 184 246 Br—I 175 248
C—I 216 213 0—I1 234 194 I—I 151 266
Multiple Bonds

=C 614 134 N=N 418 122 C=_C 839 121 N=N 945 110
C=N 615 127 N=0 607 120 C=N 291 115 N=0 631 106

=} 745 123 O 498 121 C=0 1070 113

b

(799 in CO,)
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Nguyén son Bach
I1- LIEN KET CONG HOA TRI :

C6 hai phuwong phap gan dung dé giai phuong trinh song Schrédinger cho hé phan tu, moi
phuong phap do mot nhom tac gia dua ra hinh thanh mot thuyét vé lién két cong hoa trj :

o Thuyét lién két héa tri (VB: valence bond theory) (Heitler—London-Pauling): xem ham
song phan tir 1a tich so cac ham song nguyén tir.
[ ]

Thuyét orbital phéin tir (MO: molecule orbital theory) (Mulliken): xem ham song phan
tu 1a phép to hop cong va trir cac ham song nguyén tir.

1. Thuyét lién két héa tri (phwong phap VB)

1 2
a. Phan tir H, : Xét hé '* A

0

Energy (k] /mol) —

N

Potertial energy decreases
with increasing crbital overlap

1
0.74 A
H—H distance —=

[ Balance between attractive ]

Mucleus—nucleus

—436

repulsicn increasingly
important

and repulsive forces

electron

The attractive and repulsive
forces in covalentbonding.
nucleus

———=| bond length |<——
> Phuong trinh song Schrodinger viét cho hé trén:
o022y 02¥Y 02¥

7?2 ~
+ + . 8 mg -, Y=,
0y 2 6y2 8,2 b2

e ViV 14 thé ning cta hé (theo quy udc: khi khong ¢ twong tac thé niang = 0, co twong tc
hat theé nang giam nén mang dau am, c6 twong tac day thé nang taing nén mang dau duong)
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e Khi hai nguyén tir & xa nhau v6 cung, chi O twong tac gitra e va hat nhan cua tirng nguyén tir
H riéng 1¢. Lac d6 su chuyén dong cua e dugc mo ta bang ham song cua tung nguyén tir H:

e Mot cach gin dung, xem ham séng ¥ ciahd b n2-1a: ¥ = v ¥

2

e Khi hai nguyén tir H tién dén gan nhau: e; khong chi chiu lyc hat cua hat nhan a ma con
chiu luyc hut ctia hat nhan b, va e, thi nguoc lai. Do vy ham song dugc bo sung thém mot
dai lugng tuong duong la:

V.= W

a2 bl
Noi cach khac lac nay hai nguyén tir ¢6 sy trao doi electron vai nhau nén ham song W cta
hé la:
¥ v

) 1 al b2 2 a2 bl

e Thé ¥ _vao phuong trinh séng Schrodinger va gidi thu duoc 2 dap s6:

H

C;=C, =Cg Ci=-C,=Cax
Két qua c6 2 ham song dic trung cho trang thai clia cac e trong hé trén:
¥ N C S q} all{" b

5 +% ¥ _ -ham d6i xtng (S: symmetry)

2
¥ o=c, @ ¥ -¥ ¥ _ _ham phan doi xang (a: asymmetry)

1 2 a2

e Y nghia vatly:

o Ws - ham ddi xirng : twong Gmg v6i 2 e trao ddi €6 spin ngwoc diu nhau nén hat
nhau lam mat d6 e trong vung khong gian gitra hai hat nhan ting 1én — lyc hit gia
tang nén lién két dwoc hinh thanh.

o Wa— ham bat ddi xirng : twong g v6i 2 e trao doi co spin cing diu nhau nén diy
nhau lam mat d6 e trong ving khong gian giita hai hat nhan triét tiéu — nén lién két
khong hinh thanh.

*[ién két gitta cac nguyén tw H dwoc tgo thanh nhu trén goi la lién két cong hoa tri.

b. Luén diém co bin ciia phuwong phip VB vé lién két cong héa tri:

6 spin ngwoc didu nhau va thudc vé déng thoi ca hai nguyén tir tuong tac.
Vi vay, lién két cong hoa tri con dugc goi la lién két hai tdm — hai dién tir.

> Luan diém 1: Lién két cong hoa tri hinh thanh trén co sé cac cip e ghép doi @

> Luén diém 2: Lién két cong hoa tri1 dugc hinh thanh do sw xen phu nhau giita ciac AO hoa
tri cua cac nguyén tr trong tac.

> Luén diém 3: Lién két cong hoéa tri cang bén khi mdat dg e vung xen phii
gitta cdc AO cang lon. D xen phi phu thudc vao kich thudce, hinh dang va
hudng xen phu cua cac AO hoa tri.

c. Khi ning tao lién két cong héa tri ctia nguyén tir va tinh bao hoa lién két cong hoa tri:

> Co ché tao lién két cong héa tri:

o Co ché ghép doi:
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Chuwong IV: Lién Két Héa Hoc Nguyén son Bach

Lién két cong hoa tri dugc hinh thanh do sy xen phu ctia 2 AO hoa tri chtra e ddc than cua 2
nguyén tr tuong tac. Cap e ghép doi1 do hai nguyén tir bo ra.

e Co ché cho nhan:

4+

H H

H + |« j
H:N: +H — H—PII—>H or H—I|Q—H

H 0 H
A momom ion
Lién két cong hoa tri hinh thanh do mét nguyén tir don phuong bo ra cip e hoa tri ding
chung (nguyén tur cho) con nguyén tir kia nhan cap e nay.

Diéu kién tao lién két cho nhan: nguyén tir cho phai c6 AO hda tri chira cdp e ghép doi ;
nguyén tir nhan phai c6 AO hda tri trong.
> Khd nang tao lién két cong héa tri ciia mét nguyén i (theo ca hai co ché) dwoc quyét

dinh_bdi s6 AO _héa tri (AO tréng, AO chira electron déc thin va AO chita cdp electron
ghép doi) chir khong phdi phu thuoc vao so e hoa tri KéEt qua ta co:

Nguyén tir ciia | PL e héa tri S6 AO hoa tri S lién két cht t6i da
CKI 1s 1 1
CKIll 25 2p 4 4
CKIll 3s 3p 3d 9 9
Nguyéntéd | ns(n-1)d np 9 9

TD:
Trong cac phan tir hodc ion sau day c6 hé nao khong ton tai: CF,, CFe?, SiFy, SiF>, OF,, OFs>
Ddp : CF¢”, OF~

> Diéu kién tao lién két cong hoéa tri:

o Ning lugng cta cac AO tham gia xen phu phai xap xi nhau.
o Cac AO tham gia xen phu phai c6 mat do e du 16n.
o Céc AO tham gia xen phu phai cung tinh dinh hudng.

> Biéu dién lién két cong hoa tri: H : H hoic H—H

d. Cac loai lién két cong hoa tri va bac cua lién két cong hoa tri:

> Lién két o (sigma): c6 1 ving xen phu ciia cic AO nam trén tryc ndi hai hat nhan. Lién két
o bén va la lién két cong hoda tri dau tién gitra 2 nguyén tur. Co thé xuat hi¢n gitra tat ca cac
loai AO:s—S,p—p,S—p,s—d,p—d...

ol & o

(o) Sigma bond

(b){b— {—:%%* @3—‘4’6*

Sigma () bond
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Sigma {0} band

o bonds
QQ Qc><) e o) C><JC><J
sp" - sp” Sp"-s

oooeooeoooocgocgo

Hinh 4.3. Cdc loai lién két sigma

> Lién két z (pi): ¢ 2 ving xen phi ctia cac AO nam ¢ hai bén truc ndi hai hat nhan. Truong
hop nay thuong twong tng voi sy che phi p —p, d —d, p — d... Do mat d§ e xen pht nho
hon nén lién két m kém bén hon o. Lién két 7 chi hinh thanh sau khi giita hai nguyén tir da
c6 lién két o.

~B % JoN

PTI-pT pri-dr dri-dm
Hinh 4.4. Cdc loai lién két pi
> Lién két & (delta): hinh thanh do 2 AO d cung tinh d6i ximg nérr} trong hai mat phang song
song xen phu lan nhau dong loat ca 4 mui. Lién két & cling kém bén.

Delta Bond Type

$8-S

d+d od-od
Hinh 4.5. Lién két Delta

> Lién két mkhong dinh ché: L2 lién két © ma cac electron m khong ¢ dinh & cac nguyén tir
ban dau da bo ra, ching xoay quanh trén mdt so6 hat nhan nhiéu hon hodc ca phan tir. Nhitng
hé c6 lién két m khong dinh cho thuong cé bac lién két khong nguyén.

Vidu: CeHs: C6 3 dac diém céu tao: (i) Toan bo 12 nguyen tur nam trén mot mit phang. (i) Tat ca
cac goc lién két déu bang 120°. (iii) Do dai 6 lién két C-C bang nhau va ¢ gia tri & gitra C—C va
C=C.
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H H
¢ ¢
I W e N
CeHe I — [ |
C C
H N2 T Y
I |
Benzene H Kekulé Structures H Planar Hexagon
Molecular formula (Isomers) Bond Length 140 pm
b
-
Sigma Bonds h X . . ;
2 idi ; ) delocalized pi Benzene ring
spHybridized orbitals 6 p, orbitals system Simplified depiction

Bac liénkét (C+C)=1,5

*Bic lién két cong hod tri: 1 s6 1an lap lai lién két giita hai nguyén ti. Bac lién két co thé
khong nguyén (TD: BF; 14 1,33; NO, 1a 1,5; CO3* va SO5° 1a 1,33; butadien-1,3 1a 1,67...)

Cach tinh bac lién két cong hoa tri theo thuyét VB (c6 2 cach):
Bac lién két = 16 + (sb Ik © /sb Ik 6) = %(Tdng sb e Ik /sb Ik o)
TD: CH,=CH—CH=CH,. Blk= 10+ 2n/3c = %(51k.2 /36) = 1,67

e. Tinh chit cia lién két cong héa tri:

Tinh chit dic trung cta lién két cong hoa tri la:

% Tinh b&o hoa: Vi mdi nguyén t6 hoa hoc chi c6 mot sb gidi han AO hoa tri nén s lién két
cong hoa tri c¢o thé tao dugc cling c6 gioi han. Do 1a tinh bao hoa cua lién két cong hoda tri
(nguoc lai: vai lién két ion, lién ket kim loai thi khong béo hoa).

¢ Tinh c0 cuec:
> Tinh cé cuwe ciia lién két cong héa tri: Doi dién tir trong lién két cong hoa tri co thé bi 1éch
v€ phia nguyén tir c6 do0 am dién 16n hon, d6 1a su phan cuc cua lién két cong hoa tri. Dam
may ¢ 1éch vé phia nguyén tir ¢c6 do am dién 16n hon lam nguyén tr nay tich dién am 6-,
nguyén tir kia tich dién duong &+

- Dipole

Q i Substance A(EN) Moment (u)*
| HF 19 191D
N HCI 0.9 1.03 D
5+ 65— 4 HBr 0.7 0.79 D
H—F or H—F HI 0.4 038D
H—H 0 0 D

Su phan cuc lam xuét hién ludng cuc dién gém hai tdm c6 dién tich trai dau (6+, 6-), nam
cach nhau mot khoang | (goi 1a d6 dai ludong cuc = do dai lién két). ludng cuc nay dugc dac trung
bang vecto momen ludng cuc | .

Moment ludng cuc p: 1a dai luong vecto c¢6 chiéu quy udc tir cuc dwong dén cuc am.
lu| =lall = el . (D = debye)
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> Tinh c6 cuc cia phan tir cdng héa tri :dwgc tinh bang phép téng cac vecto momen luong

cuc cia tit ca cac lién két va ciia cac doi khong lién két trong phan tir. Két qua 1a ¢ cac
phan tir cdng hoéa tri khong cuc nhu Hy, O,, Ny,... hoac cac phan tir c6 tinh doi xirng trong
khﬁng gian (COz, BeC|2, BF;, CH,, CC|4, SiF4, NH4+, C,oH,, CoH4, CoHg, CeHg ) co n= 0.
Cac phan tir cong hoa tri co cuc thudng 1a cac phan tir bat ddi xirng trong khong gian ( SO,,
NO,, NH3, H;0, CH3Cl, CH,Cl,...). Tinh c6 cuc ciia phan tir cong hoa tri anh huéng gan
nhu quyét dinh dén khd nang hoa tan va héa léng ciia chiing:

¢ Hoa tan: Cac chat c6 cuc thi tan tot trong dung méi ¢6 cuc (H,0, C,HsOH,
CH3COOH, CHCls, (C,Hs),0, (CH3),CO...); cac chat khong cuc tan tot trong
dung moi khong cuc (CCly, CS,, CgHg, n- CgHy4, Xylen...)

¢ Hoéa long: Cac chit c6 cuc (NHg, CHCL...)d& hoa 1ong hon cac chit khong cuc

CH CF F
4 H 4
C—H —F 1
EN=25 21 EN—ES 4.0 M lecul
— I Met molecular dl?‘jf:u_em -
AEMY =04 -‘r"” C l:hpole =1 AEN) = ] 5 e_._,d_._.J,- C
F
F F
+2_C =
H- 7 \\\ H-~ %
p"
H )'/‘ H Met molecular H )/.’;' F Met molecular
dipole = 0 dipole = 0
In NH, the bond dipoles refnforce the ] ‘l
cffect of the unshared pair, so NHj; is N Nel molecular

very polar (= 1.47 D). In NF, the
bond dipoles sppose the cffect of the
unshared pair, so NF; is only slightly
polar (u =023 D).

-, %
/ H
u Net molecular

dipole = 0 (large)

A

dlpole =0 (small)

Phan tir cong hoa tri thuong c6 gid tri p = 0+ 4 D, p cang 1én phan tir cang phan cyc manh.

% Tinh dinh huwéng: dé tao lién két cong hoa tri bén, mat do e vung xen phu phai 16n, vi thé céc
AO khi xen phu phai theo mot hudng xac dinh trong khong gian. Diéu nay quyét dinh tinh dinh
hudng cua lién két cong hoa tri: goc lién két va hinh dang phan tur.

1) Thuyét lai héa (Hybrid theory):

Trong nhiéu truong hop, nhat 1a cac phan ti# céng hoa tri ¢ tir 3 nguyén ti tré 1én, cac
nguyeén tir trung tm khong sir dung céc orbital nguyén tir hoa tri thuan tay s, p, d, f dé tao
lien két. Truwéc khi tgo lién két, ching trén ldn cac AO hoa tri trong ngi bé nguyén ti lai
hinh thanh cac AO mai r6i méi ding cac AO mai nay tao lién két cong hoa tri voi cac
nguyén tir khac. Hién tugng nay goi la sw lai hoa cac AO hoa tri, cac AO thu dugc sau khi

lai hoa goi la AO lai hoa (hybrid orbital).

2) Pic diém cia sw lai hoa:
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*Su lai hda chi xay ra trong ngi b6 mot nguyén tir.

*S4 AO lai héa thu duoc = s6 AO tham gia lai hoa.

*Mbi mot AO lai hda cé hinh dang hai khdi cau bién dang tiép xdc nhau: 1 rat Ién va 1 rat

nho (mat do electron don han vé mot khdi cau (1am ting mat do electron khi tao lién két,

lién két s& bén hon):

*Cac AO lai hda co hinh dang va ning luong giéng hét nhau va phan b mot cach dbi xing

nhét trong khdng gian.

*Cac AO lai hda chi c6 thé tao dugc loai lién két cong hda tri duy nhat 12 lién két sigma (o)

ma thoi.

3) Piéu kién dé lai héa bén:

*Cac AO hda tri tham gia lai hoa phai cd mize ning lirong xdp xi gan nhau (TD: AO 2s

chi c6 thé tham gia lai héa vi AO 2p ma khong thé lai hda vai 3p, 3d...)

*Cac AO héa tri tham gia lai hoa phai c6 mdt dé electron dii lom.

Tir diéu kién trén dan dén hai hé qua sau:

e Trong bang tuan hoan, theo chu ki khi di tir tréi sang phdi, khé néing lai héa giira s
Va p cia cac nguyén té giam dan (vi sai biét mic nang luong caa hai phan 16p hoa
tri ns va np tang dan)
e Trong bang tuin hoan, theo phdn nhém chinh khi di tie trén xuéng khd ndng lai

hoa gigm dan (vi kich thudc AO ting lam mat do e giam).
TD: H,O ( O lai héa sp®); H,S; H,Se; H,Te (S, Se, Te khong lai hda)

V

H,O H,S sle
4) Céc kidu lai héa:
a) Lai hda sp:
*Cong thtc lai hda: 1AO s + 1A0 p — 2A0 sp (goc 180° , dwong thing)
*C(0 trong cé4c chat: BeH,, BeX,, CO,, C,H, (chat c6 C=C(N) hoic =C=)

x X

Lincur
Be
s lwhnd

Clp,
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b) Lai héa sp*:
*Cong thuc lai héa: 1AO s + 2A0 p — 3A0 sp? (géc 120°, truc ciia tam giac déu)

*C6 trong cac chat: BH,, BXs, C,H,,[chit co6 C=C(O, N, S...)], NO3, CO;”, SOs...
X

a2 hvbnds
c¢) Lai héasp®:
*Cong thuc lai hda: 1AO s + 3A0 p — 4A0 sp® (g6c 109,5°, truc caa tik dién déu)
*C6 trong cac chat: CH, (ankan), SiH,, CX,, NH,", S0,%, NHs, H,0...

y o 109.5°
&
e + H
[

s+ F\:+ F1'+ P, .'n:.ﬂ'r h_]'bf"l‘d"

*Ngoai ra con c6 cac kiéu lai hoa khac nhu: sp®d (ludng thap tam giac, PCls); spd?
(bat dién déu = ludng thap vudng, SFe); sp°d® (ludng thap ngii giac, IF-)...

WGUCINRTN A Summary of Electronic and Molecular Geometries of Polyatomic Moleailes and lons

Regions

of High Hybridization at
Electron Central Atom Hybridized Orbital
Densit? Electronic Geometry (Angles) Orientation Examples Molecular Geometry
BeCl, linear
HgB li
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Chuwong IV: Lién Két Héa Hoc Nguyén son Bach

- PF trigonal bipyramidal
) o ‘ Y :t;(:dls trigonul(l:]i}p}gfnﬁdal
5 e — PR S, 4 seesaw (AB,U)
. ,..-—‘ (907, 120°, 180%) A CIF,! T-shaped (AB;Uy)
XeF,d linear (AB,U;)
L linear (AB,U;)
wigonal bipyramidal
. SF; octahedral
| SeFy octahedral
% ; A PF;~ octahedral
fi =~ \.:;" ' .90'1;9 fé{] B1'F5,d square pyramidal
" f— | e A s O) A LABE,UJ
)ieF4d square pln.nur
(AB,U,)

octahedral

» Cdc kiéu lai héa va ciau hinh khong gian phin tir cing géc lién két:

» Duw dodn trang thdi lai héa ciia nguyén tir trung tim A trong phin tir AB,:

® Cach 1: Géc lién két thuwe nghiém c6 gia tri gin véi goc cia Kiéu lai héa nao thi nguyén tir
trung tam s€ lai héa kicu do.

TD:
¢ CO,(0C0O=180% =>C lai hoa sp.
¢ S0,(0S0 =119,5°) =>S lai héa sp°.
¢ NH; (HNH = 107,3% => N lai héa sp®.
¢ H,0 (HOH =104,5%) => O lai héa sp°...

Céach 2: Phép thay thé nguyén tir: c6 thé thay thé mot nguyén tir trong mot phén tu da biét
céu hinh khong gian bang mot nguyén tir khac cuing phan nhém véi né thi cau hinh ciing gan tuong
tu nhau. (d6i véi nguyén tur trung tam chi nén cach nhau 1 chu ky, dac biét d6i v6i nguyén tir bién
c6 thé thay thé H bang cac nguyén tir halogen X va nguoc lai)

e CO,(thang hang); twong ty 1a: CS,, ...
L CH4, SiH4, CC|4, S|F4 (tl:l’ dlén déll), CH3C|, CH2C|2, CHC|3, CF2C|2(tl:l' dlél’l léCh)
e NHs, PH3, NF3, PCl; ( thap tam giéc)
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Chuwong IV: Lién Két Héa Hoc Nguyén son Bach

Cach

3: Tinh s phdi tri SN (Steric Number) (thwe chét 13 s6 AO lai héa) ciia nguyén tir trung

tam (nttt) (= s6 AOLH lién két + s6 AOLH khong lién két)

>

SN=n+%Kk
* 1: s6 nguyén tir bién ( s6 nguyén tir lién két tryc tiép voi nttt).

* 1k 1 56 d6i e tu do khong lién két cua nttt (k = sd e tu do)

*k=xxty-z.
Véi: <> x: sb e 1op ngoai ciing cua nttt.
<> y: s6 e mat hay nhan tuong tng v6i dién tich ion (néu 1a ion).
<> 7 : 56 e can thiét dé cac nguyén tir bién dat cau hinh cta khi tro gan né.
Két qua:
SN =2 — A & trang thai LH sp — goc 180° ( thing hang)
.SN =3 — A ¢ trang thai LH sp2 — g0c 120° ( truc tam giac déu)
SN =4 — A ¢ trang thai LH sp® — goc 109°28’( truc tir dién déu)
SN =5 — A ¢ trang thai LH sp*d ( truc ludng thap tam giac)
SN =6 — A ¢ trang thai LH sp°d® ( truc bat dién déu)
CO,: SN =2 + %(4-2x2) =2 => C (sp).
SO,: SN = 2 + 14(6-2x2) =3 => S (sp?).
NH3: SN = 3 + %4(5-3) =4 => N (sp°).
H,O : SN = 2 + 14(6-2) =4 => O (sp°).
NH,": SN= 4 + 5(5-1-4)=4 => N (sp).
SO,%: SN= 4 + ¥4(6+2-8) = 4 => S(sp°).
NO,: SN =2 + ¥(5-4) = 2,5~ 3 => N (sp?), (vi le doc than van phai chiém 1 AOLH)
SF4: SN = 4 + %(6-4) =5 => S (sp°d)
132 SN = 2 + Y(7+1-2) = 5 => | (sp’d)
SFg: SN = 6 + ¥(6-6) = 6 => S (sp°d?)
XeF,: SN = 4 + 15(8-4) = 6 => Xe (sp°d?)

Cic truwong hop bién dang ciu hinh khéng gian phan tir:

» Bién dang do twong tic diy ciia cac déi e hoiic 1e tw do khong lién két (U):

Bién dang xay ra do co tuong tac day giira cac d6i e KLK(U), doi e LK va le KLK véi
do manh giam dan theo tha tu sau:

[(KLK)«(KLK)] > [(KLK)<(LK)] > [(LK)<(LK)] > [(LK)«<(1eKLK)]

TD: NHa, PCls, SO, SO3%... (c6 1 doi KLK); H,0, CIFs... (c6 2 doi KLK), NO, (c6 1e
KLK)...
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Chuwong IV: Lién Két Héa Hoc

Lone pair‘bonded pair repulsions are
stronger than bonded pairfbonded

= \ pair repulsions
N

BT A
Bonded pair/bonded pair repulsions 102°
are weaker in NF; than in NH;
due to the longer N—F bond

= Bién dang do sw phan cwc cac lién két:

Nguyén son Bach

We might expect the larger F atoms
(r=0.72 &) to repel cach other more
strongly than the H atoms ¢ = 0.37 A),
lcading to larger bond angles in NF;
than in NH;. This is not the case,
however, because the WN—F bond is
longer than the N—H bond. The
IN—F bond density is farther from the
N than the N—H bond densiry.

o Néu sw phdn cuc vao nguyén tir trung tam: tuong tac day gitta cac d6i LK manh,

lam mé réng géc gitra chung: NH; (107,3%).

e Néu su phdn cuc ra ngodi cdc nguyén tw bién: tuong tac day gitra cac doi LK yéu,

o0c gitra chung nho lai: NF3(102,10)

Ipip
repulsion
is strongest

H'
H 3 There are now wo
lone pairs that repel
the bonded pairs
F F
Fa; Wl \\'r @ : --X|e:;;,_
! L
(b) SF, Seesaw
(d) CIF; Distorted T (low-energy, favored) (e) XeF, Linear

O

2 ey

H-~_~ H F

104.5°
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Chuwong IV: Lién Két Héa Hoc

LU BN Moleaular Geometry of Species with Lone Pairs (U) on the Central Atom

Nguyén son Bach

Regions
of High
General Electron Electronic Hybridization at Lone
Formula Density Geometry Central Atom Pairs Molecular Geometry Examples
Angular
AB,U 3 trigonal p? 1 D 0;, NO;™, SO,
planar S
.o
Trigonal
pyramidal
AB;U 4 tetrahedral P} 1 NH;, SO;2-
oo
Angular
AB,U, 4 tetrahedral P} 2 H,0, NH,~
©
Seesaw
.\
ABJU 5 trigonal sp3d 1 SFy4
bipyramidal

Nguyén tic: khi c6 sw hién dién cua doéi e khong lién két (U) thi ching phai chiém vi tri nao
trong khong gian sao cho khoang cach tir chiing den cdc doi e lién két la xa nhat dé giam twong

tac day gitta chiing véi nhau xuéng dén mike cyc tiéu.
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Chuwong IV: Lién Két Héa Hoc Nguyén son Bach

TABLE 8.3 B 1)

Regions
of High
General Electron Electronic Hybridization at Lone
Formula Density Geometry Central Atom Pairs Molecular Geometry Examples
AB,U, 5 trigonal spid 2 ICl,, CIF,
bipyramidal
AB,U; 5 trigonal spd 3 XeF,, Iy”
bipyramidal
Square
pyramidal
ABU 6 actahedral sprd* 1 IF;, BrFs
\es
.al Square
planar

AB,U, 6 ocrahedral spd? 2 ‘5 XeF,, IF,~

2. Phuwong phap orbital phan tix (MO):
a. Noi dung co ban cua phwong phap MO:

e Theo thuyét MO thi phan tir dugc xem 12 mot hat thong nhat bao gom tat ci cac hat
nhan cung hat Ién tit ca cac e cia cic nguyén tir. Trong d6 mdi electron s& chuyén
dong trong di¢n trudng do cac hat nhan va céc electron con lai gay ra.

e Tuong tr nhu trong nguyén tir, trang thai cta electron trong phén tir dugc xac dinh bang
cac MO. Mbdi mot MO ciing duoc xac dinh bang to hop cac so lugng tir dic trung cho
nang lugng, hinh dang...cua orbital.

0 0 1 2 3
AO trong nguyén tir S p d
MO trong phan tir c T ) [0)
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Chuwong IV: Lién Két Héa Hoc Nguyén son Bach
e (Cac MO khac nhau boi sy phan bd mat do electron tuong ddi so voi truc lién nhan:
o © - doc theo truc lién nhan
o 7 -nam & hai bén truc lién nhan

e Cic MO duoc hinh thanh do su to hop tuyén tinh (cong hay trir) cac AO (ttc 1a sy xen
phu) (LCAO: linear combination of atomic orbitals)

o Su td hop cong cac AO sé tao thanh cac MO lién két (o, 7...) ¢6 nang lwong nhé hon
nang lugng cua cac AO tham gia t6 hop ban dau.

o Su t0 hop trir cic AO s tao thanh cac MO phin lién két (6* 7% ...) ¢ nang lwong
[on hon nang lugng cua cdc AO tham gia td hop ban dau.

o MO khéng lién két (c°, nor. ..) do cac AO chuyén nguyén ven ma thanh. Cac MO nay
Khong anh huong toi lién két. Nang luong cia cac MO khong lién ket bang nang
lwong cua cac AO tao thanh no.

DD

*
O

H (AO)

o antibonding

bondi
Gy, bonding

2

7 antibonding

7, bonding

Hinh 4.6. Té hop cdc AO tao MO
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Chuwong IV: Lién Két Héa Hoc Nguyén son Bach
o S6 MO tao thanh bang tong s AO tham gia t6 hop
e S tao thanh cac MO tir cac AO c6 thé biéu dién bang gian dd ning luong
e Dibu kién ctia cac AO tham gia t6 hop c6 hiéu qua:
o Cac AO tham gia t6 hop phai c6 mirc ning luong bang hodc gin bang nhau .
o Céc AO phai c6 mat d¢ electron du 16n.
o  Céac AO phai co cung tinh dbi xtmg dbi voi truc ndi hat nhan .

e Sy phan bd e trén cac MO ciing twong tir nhu trong nguyén tir da e, tudn theo cac nguyén
1y viing bén, ngoai tror Pauli va quy tac Hund

b. Cac diic trung lién két:

e Lién két dugc quyét dinh bdi cac e lién két (e nim trén cac MO lién két) ma khong bi
triét ti€u. Cr moét cadp e lién két bi triét tiéu boi mot cap e phan lién két tuong ung

e Mot béc lién két img v6i mot cip e lién két khong bi triét tiéu

Z e, z e*

2

Bic lién két ting thi ning lwong lién két ting va dd dai lién két giam

e Sau khi phan b6 e vao cac MO ma vin con cdc e dic thin thi phin tie c6 tinh thudn tiv
(paramagnetic, c6 tir tinh), nguoc lai tit ca e déu ghép ddi thi nghich tir (diamagnetic,
khong c6 tir tinh).

=> Tém lai, viéc mé td cau triic phdn tir gom cdc bude:

Buodc 1: Xét su tao thanh MO tir cac AO

Budc 2: Sap xép cac MO tao thanh theo tht ty nang luong ting dan

Budc 3: Phan bd céc e vao cac MO theo thir ty nang luong ting dan

Budc 4: Xét cac dic trung lién két

Bic lién két (tinh cho lién két 2 tAm):  BLK =

(@)
@)
(@)
(@)

b.Ap dung phwong phap MO
e Cac phan tir hai nguvén tir cua nhirng nguyén to chu ky 1

Antibonding MO vacant Antibonding MO occupicd

Energy

!s : |.<_<: y zs

\ \
H atom \ ’ H atom Heatom . Heatom
\ ’ \ ’

Al o, ! A3 oy, ’
— [ i

H; molecule Hes molecule

=
Encrgy

> 2 e
as DSy 2%y

Stable molecule Unstable molecule

Configurations and Bond Orders for First-Row Diatomic Molecules

Electron Bond Energy Bond Length
Species Configuration Bond Order (k3 mol™?) (A)
Hi (o))" & 255 1.06
H, (o1,)? 1 431 0.74
Hes (01,)(01)! - 251 1.08
He, (01 (o) 0 ~0 Large

Hinh 4.7. MO cdc phdn tir hai nguyén tir ciia nguyén té chu ky I
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Chuwong IV: Lién Két Héa Hoc

Nguyén son Bach

Cic phan tir hai nguyén tir cia nhirng nguyén t6 chu ky I1:

**Cac AO: 1s 2s 2py 2py 2p,|x2=10 A0
**C4c MO: Chon truc néi hai nhin Ia truc x, ta ¢6 cac su to hop cac AO thanh MO

nhu sau:
*1s+1s — O1s o 613*
*25 + 28 — 6y ) 623*
*2px £ 2px — oy, Gx*
*2py + 2py — wy, ny*
*2p, +2p, — m,, nz*
(Chi ¥: 10A0 — 10 MO)

**Thtr ty mirc ndng lugng cac MO: Co 2 truong hop:
Li, Be; B, C; N, |Q, F, Ne,

Xao tron nang [uohg Khong

Mc:lejllnr orbitals

Atomic orbitals

Iy e

Energy (notdrawn to scale)

Ha through N,y
{a) - -

Hinh 4.8. Giin do

Cadc phan twr ctia nguyén té dau chu kv (tuw Lip —

Xao0 tron

Atomic arbitals Atomic orbitals Malecular cabitals Atomic orbitals

|

T 25

Oy through Me,
by h h

nang lwgng cac MO phédn tir 2 nguyén tir chu ky 11
N,): Do c6 ban kinh nguyén tir I6n nén

c6 x40 tron nang luong do tuong tic day giita cac cdp MO: (62 625 ) <=> (0, 6y ).

Phan tir, ion Li, Be, B, C, N, N,

Tong s6 e hoa tri 2 4 6 8 10 11

o S S S % 1
e B I T % SE & I N S I N

2 S N N IE S R % %

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Chuwong IV: Lién Két Héa Hoc

Nguyén son Bach

7 W W W W 1 T
Bic lién két 1 0 1 2 3 2,5
Do dai lién két (A) 2,67 - 1,59 1,24 1,10 1,12
Nang luong 1k (kJ/mol) 105 — 289 599 940 828
Tu tinh nghich tu — thuan tr [nghich tir| nghich tr | thuén tu
o Cdc phdn tir ciia nguyén t6 cudi chu ky (O, — Ne;): Do ban kinh nguyén tir nhé nén
khong c6 xdo tron nang lugng.
Phan tir, ion o, 0, 0, F, F, Ne ,
Tong sb e 15 16 17 18 19 20
o | = =] = 1 "
L D e I I U Y 1% R NP AN A (N R
T N N 2 2 Y R N N 2 Y R A N A A
o T 1 1 1 1 1
@ vl Ly Ly
7, 2 2 T 2 T 1
Bic lién két 2,5 2 15 1 0,5 0
Do dai lién két (A) 1,12 1,21 1,26 1,41 -
Nang luong 1k (kJ/mol) 629 494 328 154 —
Tt tinh thuan tur | thuan tr | thuan tir |nghich tir| thuan tu -
Mbolecular Orbitals for First- and Second-Period (Row) Diatomic Molecules®
H, Her Lib Beys Bb Cb N, 0, F, Nes
ok, - 1
A o A A e
%'fa} 0'3: h — — — — — — i My » T2y AN n1d ni
£ | o S T A 1 e S A T
AP oy dunts thanbegls, o L8
i _ _ n i 1 i ! i\ L oL
ot _ N n N i i} i\ i) L oL
oy, it i n i i\ ! ! i\ i L
P'.ll'ﬂﬂl'.lgﬂetic? no no no no }'ES no no YES no no
Bond order 0 1 0 1 2 3 2 1 0
Observed bond length (A 0.74 2.67 _ 1.59 1.31 1.09 1.21 1.43 .
Observed bond energy (kJ/mol) 436 110 9 =270 602 945 498 155 -

2Eeceron distribution in molecular orbitals, bond ovder, bond Iength, and bond energy of bomonndear diatomic molecules of the fivst- and second-period elemenss. Note
that nitragen molecides, N, bave the bighest bond energies listed; they bave a bond order of three. The species U; and Oy with a bond ovder of two, bave the next

bighest bond energies.

b Exists omdy in the vapor state at elevated temperatures.

CUnksnown species.
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Chuwong IV: Lién Két Héa Hoc

Nguyén son Bach

TD: *O,( Xe = 16, khong xdo tron nang lugng)(chon truc x la tryc lién nhan) :
61 G5 2 Gos G 2 Gy (nyznzz)(ny*l nz*l) . BLK =%(10-6) = 2. Thuén tur.
*N,( Xe = 14, x40 tron nang luong)(chon truc x 1a truc lién nhan) :
612 6152 652 65 ( nyz 1% 6,2

BLK = %(10-4) = 3. Nghich tir.

e Cic phan tir hai nguyén tir khic loai ciia nhitng nguyén t6 chu ky II: Cac MO tao
thanh twong ty trudong hop phan tir 2 nguyén tir cung loai chu ky Il. Chi cin c¢é mét nguyén tir cé
ban kinh lon (Li — N) thi phdn tir ¢6 xdo tron nang lugng.

*Chay: N,; CO; CN ; NO" c6 cong thirc e phan tir gidng hét nhau.
Phan tir, ion N, CO CN- NO”
Tong sb e 14 14 14 14
’, T 1 1 T
T N DN 2 M I L A N NN
v 2 1 1 1
7, 7 1 1 T
Bac lién két 3 3 3 3
Do dai lién két (A) 1,10 1,13 1,14 1,06
Néf(llfj}‘rm)g lk 940 1073 1004 1051
Tu tinh nghich tt | nghich tur nghich tr nghich tir

Molecular orbitals FIGURE 16.8 Correl
o3, diatomic molecules, Al
\ electronegative atom (
;o (andbonding) Atomic orbitals ! Awmicorbinls  they have lower energ:
H atom / \ (Atom A ! | (Arom B) shown is that for BO.
»—(D— \ v \
\ \ @/\C A
2p—
| ) H ALK 4
1 1 Iy ! 2
.‘I “I “l“ %2 ! ? T l i \b !
1 \ [ ) i
\ | F atom ! \_‘d‘_z
B Vo \ ! .
] \ \ t L T
E (. T d
! ) 2 ! & T Ty
1 e 2Py i 5
\ - I
(nonbonding) I =
\
~. / L
| ! / a3, L
A ! ‘ b \
1 ! K \
\ / EI_O_' \
H— \
o (bonding) \ |
| ) AT
v
j — -
\ S
—O— ——
25 (nonbonding) oy
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Chuwong IV: Lién Két Héa Hoc

A e
p g [ﬁ} ETEHETE

]

= —H—

N G (5-9

I11- Lién két ion

Nguyén son Bach

Molecular orbitals (NH;)

Atomic orbitals (N)
#

Y 2 2

FIGURE 16.18 Molecula

from the SCF model. Th
ing orbitals (energies low:
late), while the upper a; i
energy antibonding orbit:

Hinh 4.9. MO mét s6 hop chdt khdc

1. Thuyét tinh dién vé lién két ion (Kossel)

Su hinh thanh lién két ion x4y ra gém hai giai doan:

e Céc nguyén tir (k) trao ddi e cho nhau tao thanh céac ion (k)

e Céc ion (K) trai ddu hut nhau bang luc hut tinh dién tao tinh thé ion ().
Cl'(k) —

+ Cl(k)

Na atom

Clatom

(b) lonic bonding

*Thuyc té qua trinh tao thanh tinh thé ion bao gdm nhiéu giai doan nhu sau:

p
+ 800 —

Energy
{kd mol ™)

Na(K) S Na'(k) +
15%2s%2p°3s'  1s%25%2p°3s%3p°  15%25°2p°

Na*ion
(Net charge +1)

—@—_

11'

17,,0" Electron transfer
173 18—
" y —F T

Na'(g)*+ % Cl(a)

NaCl(r)
15%25%2p°3s%3p°®

Solid sodium chloride, NaCl
(Net charge 0)

Cl-ion
(Net charge —1)

Hinh 4.9. Lién két ion Na*CI’

MNaig)+ Cl{g)
—Electron
affinity (E)

Na®(g)+ CI'(g)

Naig)+ Cl(g)

+ % Enthalpy of
dissociation
AH,,

+ 400 -

+ lonization energy
i
— Lattice energy

Na’(g)+ 5 Cl(0)
)

+ Enthalpy of sublimation
AH,

—4DD—I

CuuDuongThanCong.com

Na(s)+ 3 Cly(g)

— Enthalpy of
formation (AH)

" NaCl ety i
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Chuwong IV: Lién Két Héa Hoc Nguyén son Bach

2. Kha nang tao lién két ion cia cac nguyén to:

e Kha nang tao lién két ion phu thudc vao kha nang tao ion cta cac nguyén to:

o Céc nguyén t6 ¢ ning luong ion hoa cang nho (kim loai kiém, kiém thd) cang dé tao
cation

o Céc nguyén t co ai luc e cang am (halogen) cang dé tao anion
e Chénh I¢ch d6 am dién cta cac nguyén tir cang 16n lién két tao thanh c6 do ion cang 16n:

Ay | Poion,% | Ay | Pdion, % Ay D ion, %

0.2 1 1.4 39 2.6 82

0.6 9 1.8 55 3.0 89

1.0 22 2.2 70 3.2 92

100
LiF
S 75-
§ IONIC
(9]
L
Q
B 50 e Arbitrary cutoff
9
=
g
g 25
COVALENT
| | | | | |
0 1.0 2.0 3.0
AEN
3. Tinh chit cua lién két ion: do cac ion duoc xem .
nhu cac qua cau tich dién c6 truong dién phan bo Electrostatics

d6ng déu vé moi hudng nén co cac tinh chat la:
e Khoéng bdo hoa
e Khong dinh hudng

e Phéan cuc rat manh

4. Sw phan cuc ion:

e Dinh nghia: Sy phan cuc ion la sy chuyén dich dam may e ngoai cung so voi hat nhan
cua mdt ion dudi tac dung cua dién trudong cua ion khac.

7

~
Hinh 4.10. Su phdn cuc ion
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Do su phan cuc ion ndy ma cac ddm may e cua cation va anion khong hoan toan tach roi
nhau ma che phti nhau mét phan — Khong c6 lién két ion 100%. Trong lién két ion c6 mot phan
lién két cong hoa tri.

e Ciac yéu to anh hwéng dén sw phin cuc ion: sy phan cuc cua cac ion xay ra voi muc do
khac nhau phu thudc vao dién tich, kich thudc va cau hinh e cua chung.

o Kha nang bi phdn cuc cua ion cang 16n khi lyc hut cua hat nhan tdi e ngoai cung cang
yé€u, Su bi phan cuc xay ra manh chu yéu do1 véi anion.

= {0 bi phan cuc s€ nho nhét & cac ion cO cAu hinh khi tro 8e: nsznp6

= 36 bj phan cuc s& 16n nhit & cac ion ¢6 ciu hinh 18e: ns’np®(n-1)d™

o Tdac dung phdn cuc cua ion cang 16n khi dién truong ctia nd tao ra cang manh, tac
dung phan cuc chu yéu xét doi véi cation.

bién tich ion q ting — mat dd dién tich tding — do phan cuc tang

Kich thudc ion tang — mat do dién tich giam — do phan cuc giam

e Anh hwong cua sw phin cuc ion dén tinh chit cic hop chét ion

o Do dién ly: Sw phin cuc ion 1 — tinh cong héa tri T — tinh ion | — do dién ly |

o D¢ bén: Sw phin cuwe ion T — tinh cong héa tri 1 — dién tich hiéu dung ion } — luc
hut gifra cac ion | — ndng lwong mang ludéi ion U | — dj bén cua tinh thé ion |,
nhiét dp nong chdy, nhiét do phdn ly |

Chit LiF LiCl | LiBr Lil | Rjon X 1 — D6 bi phan cuc cua cac X
T, °C | 848 607 550 469 |1 —tinhcht? —tinhion | — Ty |

Chét | MgCO; | CaCO;s | SrCO; | BaCO;s | R jon M2t — Kha ning phén cuc cua
T, °C | 600 897 | 1100 | 1400 |c4c M**|— tinh cht|— tinh ion— Ty 1

o D¢ tan cia hop chét ion phu thudce chil yéu vao: ning lugng mang ludi tinh thé U va ning
lugng hydrat hoa cua cation Ej,

= UtT—dotan |

= Kha ndng phan cyc nudc cua cationT— lyc hut tinh dién gitta cation va ludng cuc

nuoc T— Ep 1— do tan

Mudi CaSO, | SrSO, | BaS0O,

D6 tan (mol/l) | 8.10° | 510 | 1.10°
U (kJ/mol) 2347 | 2339 | 2262
En (ki/mol) | 1703 | 1598 | 1444

IV. LIEN KET KIM LOAI

1. Cac tinh chét ciia kim loai:

Khong

Co anh

trong sudt

kim

Dan nhiét, dan dién tot

Déo ...
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Chuwong IV: Lién Két Héa Hoc Nguyén son Bach

2. CAu tao kim loai va lién két kim loai

[*]
7 l—' positive o3 9 el mobile electrons,
tORS ‘ t ‘ { which form a ‘sea
[ .+ + + of electrons’
T o 9 /

9

Figure 6.27 Bonding in metals

Hinh 4.11. Mang tinh thé kim logi va “Bién electron” trong mang tinh thé kim logi
e Mang tinh thé kim loai duoc tao thanh tur:
o Nhimng ion dwong ¢ niit mang tinh thé

o Cac e hoa tri tu do chuyén dong hon loan trong toan bo tinh thé kim loai — bién e —
Lién két c6 tinh khong dinh cho rat cao (lién két rat nhiéu tam):

3. Thuyét mién ning lwong vé ciu tao kim loai (Energy band in solids):

* Coi mo1 tinh thelamilogl I Orbital Energies for an N Atom Solid
mot dai phan tir c6 khoang
10% tam Most antibonding

e Gidi phuong trinh song
Schrodinger cho hé 10%
nguyén ti theo phuwong
phap MO:

o Hai AO t6 hop véi nhau
tao thanh hai MO c6
nang luong khac nhau

Energy

o Tiurn AO td hop v6i nhau

s€ tao thanh n MO c¢o6 cac Most bonding
mic nang luong khac 1 2 3 4 5 6 7 8 8 10 M1 12..20.w
nhau. o

o Néun — oo cac mirc ning luong rit gin nhau ( cach nhau khoang10%eV) — Tao
thanh cac mién nang lwong dugc xem nhu dai nang lugng lién tuc

o Tuong (mg véi cac trang thai nang luong s, p, d, f ... clia nguyén tr trong tinh thé kim
loai s& hinh thanh nhirng mién nang luong s, p, d, f ...

o Trong mién ning luong cac orbital trai déu trong toan bo tinh thé kim loai va ciing co
day du tinh chat nhu cac MO

o Céc e phan bd trén céc orbital cia mién nang lugng theo cac quy luat giéng nhu trén
cac MO gom: Nguyén ly ngoai trur Pauli, nguyén 1y vitng bén, quy tac Hund
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= Mién ning luong chira cac e hoa tri goi 1a mién héa tri (HOMO):(highest
occupied molecular orbitals)

= Mién ning luong khong chtra cic e, nam trén mién héa tri goi 1a mién din
(LUMO):( lowest unoccupied molecular orbitals)

= Néu mién hoéa tri va mién dan khong che phu nhau, khoang cach gitra hai mién goi
& mién cam

Conduction band

= Band Gap
[+70)
E EEEEER IIIIII$IIIEITI3II2IGIVIIIIIIIlllllllfgrmllelplelrgy
=
(T
Valence band
Metals Semiconductors Insulators

Hinh 4.12. Mién héa tri - mién dan - mién cam

4. Ap dung thuyét mién niing lwong dé giii thich tinh din dién cia chét rin:

a. Kim loai:

e Trong kim loai, mién hoa tri va mién dan che phu hoac tiép xac nhau, khdng c6
mién cam

e Mién hoa tri ciia kim loai c6 thé dugc dién day hay khong dugc dién day e

e Vidu:

o Cac kim loai nhom IA c¢6 cau hinh electron ns' — Mién hoa tri 1a mién s chi dién
day mot nra — Mién dan bao gdm mdt nira mién hoda tri s con trong va mién p — Mién
dan va mién hoa tri tiép xuc nhau

o Cac kim loai nhém IIA ¢6 cau hinh electron ns — Mién hoa tri 1a mién s dugc

dién day e, mién dan 1a mlen p. Déi vOi cac nguyén t6 nhom ITA, chénh léch niang luong
giita ns va np nhé — mién hoa tri va mién dan che phu nhau

o  Duoi tac dung cua dién truong, cac e tur mién hoa trj rat d& chuyén 1én nhiing trang
thai ndng luogng cao hon con tu do, tao thanh dong e chuyén dong c6 huéng — kim loai
dan dién

b. Chét cach dién:

Mién hoa tri dién day e.
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Mién din cach mién hoa tri bing mién cim c¢6 AE > 3eV — dién trudng binh thudng
khong du kha nang kich thich cho e chuyén tir mién hoa tri sang mién dan — khong thé
dan dién duoc — chat cach dién.

TD: C kim cwong co bé rong mién cAm AE = 7eV. ( mién héa tri 1a 2SP° bio hoa e, mién
dan 1a 38°)

c. Chét ban din:

Mién hoa tri dién day e.

Mién dan cach mién hoa tri bang mién cAm c6 AE khéng 16n (< 3.2 eV)— Khi kich
thich bang cach dun néng, chiéu sang hay pha thém mot it nguyén tir khac, e co thé
chuyén tir mién hoa tri sang mién dan — c6 thé din dién dugc— chat ban din (din dién
c6 diéu kién)

TD: Si ¢6 céu tao giéng hét C kim cuong nhung bé rong mién cAm AE =1,12eV

V. LIEN KET VAN DER WAALS:

1. Ban chit

Lién két Van der Waals 1a twong tac tinh dién giita phan tir v6i phan tir.

2. Dac diém:

La loai lién két xuat hién giita cac phan tir véi nhau.
C6 thé xuat hién ¢ nhirng khoang cach twong d6i 16n
Co nang lugng nho (5 + 10 kcal/mol)

Co tinh khong chon loc va khong bao hoa

C6 tinh cong

3. Thanh phan:

Twong tdc dinh hirdng: xuat hién gitra cac phan tir ¢ cuc — tuwong tac ludng cuc - ludng
cuc. Tuong tac dinh huéng 1 khi moment ludng cuc cta phan tir T va T°|

¢ <

Twong tac cam wng: xuat hién gitrta cac phan tr c6 cuc va khong cuyc — tuong tac ludng
cuc — ludng cuc cam tng. Tuong tac nay chi dang ké khi moment ludng cuc ctia phan tu
co cuc lon.

D — D

Twong tdc khuéch tan: xuat hién 1a nhd ludng cuc nhét thoi cua cic phan tir — tuong tac
ludng cuc nhat thoi - ludng cuc nhat thoi 1 khi moment ludng cuc | va khoi lugng phan

> @

M Henan

Phén tir ¢6 cwe cang 16n va phén tir lrong cang 16n thi lién két VDW cang 16n, cang dé hoa
16ng, trang thai tap hgp phan tir c6 do dac cang cao (mat d phan tir cang cao)

SO, c6 cuc dé hoa long hon CO,
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F,(K), Cly(K), Bry(0), I(r): phan tir lwong ting dan, lién két VDW tiang dan

g-:—i‘_ shownas 8+ . by shown

e
/' ¢ Ny 4
A /Bt
Aat« A/B':a (—A B ! “’*:AA* ’
A R\ + A—B+
o4 é}? ! E;M‘T{'— p 1 R N
“A a+,\A\‘ /;+ A/Aé \
/R ‘ 5‘+ ai At
&+ *
VI. LIEN KET HYDRO:
Hydrogen Bonding
o=
=4 iy 95 pm 155 pm H
A H—N— —F\ P~ e §F /
| S . H”‘}H’)Hh“\ H,—‘ H-‘ . \\‘\-'N_H ________ : O:
| .. F” ‘F~ . H l \
—Ne=eeH— -
| n H

1. Khai niém va ban chit cia lién két hydro

Khi ngttr H lién két v6i cac nguyén tir ¢ d6 am dién 16n nhu F,O,N; cac cip e lién két bi
1éch manh vé phia F,O,N — H tich dién duong (H**) goi 1 H linh dong.

Céc nguyén tir ctia cac nguyén to ¢6 dd am dién 16m, kich thudc nho (mat do dién tich 4m
16n) nhu N, O, F ...hay céac nguén e 1 (lién két boi, nhan thom ...) hoac céc cap e khong
lién két trén cac nguyén tir dugc goi 1a cac nguodn giau dién tir — c6 thé xem chiing tich
dién am (X%).

Lién két hydro 1a lién két dic biét cta cac nguyén tir H linh dong véi cac ngudn giau dién
tlr ctia phén tir khac (lién két hydro lién phan tir) hay nguyén tir khic trong chinh phan tir
d6 (lién két hydro noi phan tir)

Lién két hydro vira c6 ban chat dién vira c6 ban chat cho - nhan

2. Dic diém:

Lién két hydro 1a loai lién két yéu, yéu hon nhiéu so véi lién két cong hoa tri nhung manh
hon lién ket Van der Waals ( nang lugng tr 5 + 40 kcal/mol).

Lién két hydro cang bén khi X* va H* ¢6 gia tri & cang 16n.

3.Anh huéng cua lién két hydro dén tinh chit ciia cic chit:

Lién két hydro lam:

Tang nhiét do soi, nhiét d§ ndong chay cua céac chét c6 lién két hydro.
Gidm d¢ acid cua dung dich.
Tang d¢ tan trong dung moi.

Trong sinh hoc, lién két hydro gitip tao cac cu tric bac cao cho glucid, protid.. .
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