


LIEN KET HOAHOC =~
Cic Khi Niém CoBan

.




Mé& dau

@ Khéi niém phdn & @ Xu4t hieén dau tién trong DL Avogadro

Volumicguali digas | hat nhé nhat cua chat khi, cé kha
nelle stesse condizions nang ton tai doc lap.

i temperatura ¢ At
pmﬂmnz mufmgana
fn stesso numero di

@ Ngay nay: phan tir gom 1 so6 gi®i han
cac hat nhan nguyén tw va cac electron
twong tac véi nhau , phan bo 1 cach
xac dinh trong khong gian tao thanh
cau tric thong nhat virng bén.

Phan tw trung hoa (H,, CO, ..)
lon phan tw (H,*, NO; ...)
lon phirc ([Fe(SCN)]*...)
Goéc tw do ((CH;, ‘OH ...)
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> A
Mo dau
@ Pidu gi qui dinh viéc cac nguyén tir c6 thé |

hay khong thé két hop véi nhau?

@ Pieu gi qui dinh ti 1&é cac nguyén tir trong
moét loai phan tw, ion ?

@ Bang cach nao co6 thé ly giai tinh chat cua
cac phan tr khac nhau?

@...7

— Cdc van dé cot 16i cua héa hoc

1

Co thé ly giai hay dw dodn bang cédc ly thuyét vé
lién két hoa hoc
Ly thuyét ve lién két hoa hoc giir vai tro rat quan trong trong
tong the cac ly thuyét vé hoa hoc néi chung.
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@ Lién két héa hoc

@ Binh nghia: |a lrc lién két cdc nguyén tir lai véi nhau va
khién chiung hoat déng nhw mét don vi thong nhat.

C6 thé thwe hién nhiéu loai thi nghiém dé xac dinh nhirng
tinh chat co’ ban cua cac lién két hoa hoc

@ Théng qua viéc khao sét tinh chat vit Iy cua vat chat : diem
noéng chay, dé cirng, do dan nhiét va dan dién, tinh chat hoa tan
cua cac chat va tinh chat cua cac dung dich dworc tao thanh.

@Khao sat tac dong cua phan tw trong mét dién trirong — Xac
dinh sw phéan bo dién tich trong mot phan tur.

@ khéo sat ndng Iwong lién két, la nang lgng can thiét dé pha
huy lién két gitra cac nguyén tw — thong tin vé dé bén virng
cua mot lién ket .



@ Qui tac bat tir (Octet rule)

Trong mét phan t, cac nguyén t&e c6 khuynh hudng két hop
véi nhau bang céach tao cac lién két sao cho cau trlc cda
ching dat dwoc cdu tric bén virng cua khi tror véi tam
electron (2e- cho He) & Iép ngoai cung.

Pé dat dwoc cau tric bén virng cta khi tro: 2 céch

@ Chuyén electron ttr nguyén tr

. P < Lién kétion
nay sang nguyén tw khac.

@ Cac nguyén tlr gop chung electron. < Lién két cong héa tri




@ Ky hiéu Lewis

@ Electron hoa tri dérng vai tro quan trong
trong viéc tao lién két hoéa hoc. BDwoc biéu
thi theo ky hiéu Lewis.

@ Ky hiéu Lewis - Sl-

14 A 3A 44 SA BhA ThA 24

«H HE:

a] ] aBews -:?- -(::- -3‘5- -:I:I:E- * Fe= . :[::[:3 : .
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Lién két ion
@ Lién két ion la lién két dworc sinh ra tir stec hat tinh dién gitra cac
cation mang dién tich dwong va cac anion mang dién tich am .

@ Lién két ion c6 thé dwoc tao thanh giira cac kim loai va phi kim.

E;/\ pie 2+ oo 2-

BaO &Q —— Ba :0:
[Xe]6s? [He]2s2%2p“ [Xe] [Ne]
/\ 8|:
o o 2+ o
MgCl, Mg- —— Mg 2:Cl:

\ --(.ilz )







Lién két cong héa tri

Lién ket sinh ra tir cac
nguyén twr dung chung

electron.

m Some Physical Properties of NaCl and HCI
Property NaCl HC(l
Formula mass 58.44 amu 3646 amu
Ph}rsi::ﬂl appearance White solid Colorless gas
T}rpe of bond lonic Covalent
Mell:ing pu:uint 01 —115%C

Boiling point 1413°C —84.9°C
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5.3 Lién két cdng héa tri
@ Hinh thanh lién két H-H

@ %" — @& @

Fi= & =[] —11:E]1 or H——H :

Bond pair j\

Cap electron noi

@ Hinh thanh lién ket CI-Cl

:(:::1' -+ -(::l T Cl Cl or C/’ 'éE Lone pairs
Bond pair Cac cap electron

I khéng noi



Dung ky hiéu Lewis biéu dién lién két céng hoa
tri trong cac phan tr: HCI, Cl, , H,0O

H- + «Clt — ~ H:Cl:  H—Cl
:Cl- + +Cl:t ——~Cl:Cl:  CI—Cl

H-+ «O0-+ H —— H:O:H H-O—H

= Cap electron lién két dwoc dung chung cho 2 nguyén tor
= Cap electron khéng lién két (hay co 1ap)

= 1 vach thwdng duoc thay cho 2 cham biéu thi
cap electron lién két.
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Lién két cdng héa tri

@ Hinh thanh lién két déi trong CO2

—

:O- . .C. /°C.)Z — O—C—O

¢ &%

e o0
@ Hinh thanh lién két ba trong N2
ﬂ
- U

N et




= Lién két dworc tao thanh do dung chung:
-1 cap e — lién két don, bac lién két = 1
-2 cap e — lién két doi, bac lién két = 2

-3 ¢cap e — lién két ba, bac lién két=3

= Khi bac lién két gitra 2 nguyén tir tang,

chiéu dai lién két giam.

Vi du, chiéu dai lién két trung binh gitra 2

nguyén tir Nito

Average Bond

Lengths of Some
Common Single,

Double, and Triple

N-N

N=N

N=N

125 pm

110 pm

Bonds

Bond
Bond Length
Type (pm)
C—H 107
=0 143
C=0 121
¢ 154
C=C 133
e 120
C—N 143
=N 138
C= 16
N—O 136
N 122
0O—H

96
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DO am dién

= Electron dung chung phan bo déu

o e @

Lién két cong hoa tri khéng phan cwe (nonpolar covalenf___bond)

= Electron dung chung phan b6 khéng dong déu

Electronegativity

16



- Mre Macmlllan

= Pai lwong dac trwng cho kha nang cua
moét nguyén twr trong phan ttr thu hat
electron (lién két) vé phia no (y).

= Thang d6 am dién cua Linus Pauling
Cs(yx=0.7) > F(y =4.0)
= Dwa vao do am dién cé thé xac dinh ,
s phan chia electron trong cac lién két. Linus Pauling
— = e (1901- 1994)

. H-mH H—Cl H—Br H—1
X - et R e b e WP S T

Ax: 1iu 0.9 0.7 0.4

F—Br F—Cl ClH1 Cl—B 8 i, | F—F =5 = ,
: : 1954, giai héa hoc

400 28 4w B0BIn 05 30 R B0 B0 40 40
1.2 1.0 e ;;, 1963, giai hoa binh

:»; \ \ ;




DO am dién

Po amdién  Nang lwongion héa  Ai lwc electron
(Electronegativity) (lonization energy) (Electron affinity)

Cédc nguyén tbé ¢6 ndng lwong ion hod va ai lwc dién
tr Io)n sé c6 dé am dién cao va nguworc lai.
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DO am dién

> tang "
1
H Pkt ——
Li | Be i 1014 B 25-29 B clunlo
10| 15 : 15-19 : 30-4.0 20 25 30D 3.5
Na | Mg Al | Si P S Cl
[}49 il .2 3 "-1- 5 6 ? 8 9 ].U 1 1 12 1.5 1.8 2.1 245 3.“
K |Ca|Sc | Ti| V|Cr | Mn|Fe | Co|Ni|Cu|Zn| Ga| Ge| As | Se | Br
08 | 10|13 |15(16 |16 (15|18 (18 (18|19 (16| 16| 18] 20| 24| 2.8
Rb| Sr | ¥ |Zr | Nb|Mo|Tc |Ru|Rh | Pd |Ag |Cd| In | Sn| Sb | Te | I
g8 11D 12114 | 16| 1.8 | 1.0 ey 1.9 | 1.7 | 1.7 | 1.8 | 1.9 [0S
Cs | Ba |La*| Hf | Ta| W |Re |Os | Ir | Pt | Au | Hg | T1 | Pb | Bi | Po | At
S 109 1.1 |13 | 1.5 28 10 P g 1.9 | 1.8 | 1.8 | 1.9 | 20 h
M Fr | Ra | Act| "Lanthanides: 1.1-1.3
ia 0.7 | 0.9 | 1.1 | TActinides: 1.3-1.5




Khi s sai biét vé d am dién thay doi thi cac tinh chat
cua cac chat thay doi

NaF

Hop chit l; ICl Nal
Hiéu 50 4§ am dién ) 05 1.6 31
Tinh phan cue Khongphincue| Phincyc | Tinhthéion | Tinh thé ion
Dang (nhiét dphong) | Khi Rin Rin Rin
Piém néng chay (°C) 103 27 661 088
Piém s61(°C) 35 97 1304 1693
Loai lién keét Cdng hod tr Clng fo lon lon

phin cuc
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Percent 1onic character

@ S phén cyc cua céc lién két

Sw phan cwc clia mot lién két cong hoa tri ty 1& v&i sw sai biét
vé d6 am dién gilra hai nguyén tr tao lién két ay: suw sai biét
vé dé am dién cang I&n sw phan cwc cua lién két cang cao.

100 — -
KCl LiF
KFe
75 —
CaF e
S0 =
25 —
HI
ICl1
0 IBI'\ HBI’I | |
O 1 2 3

Electronegativity difference
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Hay cho biét trong cac cap lién ket sau day lién ket nao
bi phan cwc nhiéu hon. Chi ro hwéng cua sw phan
cwec.

a) H-C va H-N
b) O-C va CI-N
c) S-Ova S-F P - |

22









Céch viet cau triic Lewis

= C6 méat tat ca cac electron héa tri.

= Cac electron ghép cap.
= Mdi nguyén can c6 8 e- xung quanh (H can 2 e-).
= C6 theé co lién két da hinh thanh tir C, N, O, S & P.

.
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Céch viet cau tric Lewis

. Viét cau trac khung

. Tinh tdng s6 e- hod tri clia tat ca nguyén ti trong phan tor
V&i cac ion nhiéu nguyén t, trie bot mét e- cho moéi dién
tich duong va céng thém mot e- cho moi dién tich-am.

. V&i méi lién két trong cau tric khung, trir 2 e- trong tbng so6
e- hoa tri. SO e- con lai l1a sb e- s& thém vao cau truc Lewis.

. Tinh sb e- khong lién két can thiét dé thda quy tac bat ti.
Néu bang véi sd6 e- tinh & bwdc 3 thi hoan tat cau trac
Lewis bang céach thém cac cap e- khong lién két.

. Néu sb e- hoa tri con lai it hon s6 e- can thiét dé thoa quy
tdc bat tlr, cau trac Lewis co cac lien két da. Tao ra sb

lien két da thich hop va hoan tat cau tric Lewis bang

cach thém cac cdp e- khong lién két.
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] Viét cdu tric cua nwéc

1.Cau truc khung. 2. X e- hoéa tri cua phan tu:
H—0 1(0) 1x6= 6 )=
| oH) 2x1=2 " =&7C

3.Cau truc khung co6 hai lién két, dung 4 e- hoa tri

Ve Can 4 dién tl
’ | ooy € co di 8 dienti
4.Dé thoa quy tac bat ttr, nguyén tor O |

can phai cé bon e- khdng lién két H

S6 e- hoatriconlai=8-4=4

5.86 e- con lai la bdn, thod quy tac battr  H—Os

v&i hai cap e- khdng lién két trén O |'_|

27



| Viét cdu tric cia acetonitril CH3CN

llgéu tric khung.

| 2. X e- hoa tri cua phan t:

H-C—C—-N 2(C) 2x4 =8
b 3(H) 3x1=3 > Ze-=16
1(N) 5x1=5
3.Cau truc khung co 5 lién két, dung 10 e- hoa tri
4 f o A [ — _ Cin 4 dién tir
Soe-hoatriconlai=16—-10=6 . lanCEAinlgndién i
. , |
4.Bé thoa quy tac bat tu , H-C-C
—> can phai co 10 e- khong lién két, \Khong cin then dien ti
5.Thiéu 4 e- dé thoa quy téc bat ter i
— can co lién két da H—C—C=N?

28



Bién tich hinh thire - Cau tric Lewis

= Trong cau truc Lewis, lién két cong hoa tri dwoc hinh
thanh do sw gop chung cac cap e-, moi nguyén tr gop .
mot e-.

= Néu viét cac lién két theo cach ay tat sé dan dén sw tong
guat hoa la:

Cac nguyén t6 6A thwong tao 2 lién két dé dat dén 8 e-
Cac nguyén to 5A tao 3 lién ket
Cac nguyén to 4A tao 4 lién két

* Khong phai moi cau triic Lewis déu c6 thé dworc viét theo
nguyén tac ay.

29



A | A B ‘ r |
Dién fich hinh thue - Cau true Lewis
= Vi du cau truc Lewis ctia CO cé thé viét: ‘C=0Q:
Trong cdng thirc trén: C va O tao 3 lién két
Théng thwdng: C tao ra 4 lién két va O tao 2 lién ket

= Xét riéng cac nguyén to & dang ky hiéu Lewis va chia
mot nira soO dién tir dung chung.

:C -0O:

—» Cau truc Lewis dworc viét v&i dién tich hinh thire:

© @
:C=0:¢

30



Diin fich hinh thirc - Cdu tric Lewis 2=

= An dinh dién tich hinh thirc 1a mét phwong phap dé dém sé
electron.Mdc du dién tich hinh thirc khéng biéu dién dién tich that -
sw trén nguyén ti, téng cta dién tich hinh thire trén cac phén to
trung tinh phai la 0. Doi véi céc ion, téng caa dién tich hinh thic
phéi bang dién tich trén céc ion.

= Phan Ié&n cau trac Lewis khdong can dén cac dién tich hinh
thirc. Cac cau triic can dén dién tich hinh thire cé thé dwoc nhan
biét qua sé lién két duoc tao thanh bdi cac nguyén to. (C théng
thuong tao 4 lién két, N tao 3 lién két, O tao 2 lién két va F tao 1
lién két). Néu céc cau truc Lewis can céc lién két nhiéu hon thé,
nguyén tir sé c6 dién tich hinh thire duwong; néu can céc lién két it
hon thé, thi nguyén tir sé co dién tich hinh thirc am.
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5.6, Didn tich hinh thie - Cau i Lowis

=Phan I&n cau truc Lewis khong can dén cac dién tich hinh
thirc. Cac cau tric can dén dién tich hinh thire cé thé duoc nhan
biét qua sé lién két duroc tao thanh bdi cac nguyén té. (C théng
thuong tao 4 lién két, N tao 3 lién két, O tao 2 lién két va F tao 1
lién két). Néu céc cau truc Lewis can céc lién két nhiéu hon thé,
nguyén tir sé c6 dién tich hinh thire duong; néu can céc lién két it
hon thé, thi nguyén tir sé co dién tich hinh thirc &m.

Pién tich hinh thic

. Pién tich
Nguyén tir T 0 r
S

32



Didn tich hinh thiie - Cau tric Lowis

Pién tich hinh thirc trén nguyén tr ciing cé thé dwoc tinh:

Pién tich hinhthorec =V - (L + 2 S5)

V: s0 electron hoa tri clia nguyén ty
L: sO electron ¢ 1ap
S: 80 electron dung chung

:C=0:¢

Dién tich hinh thirccua C =4 - (2 + ¥2x6) = -1
Dién tich hinh thirc cia O =6 - (2 + 2x6) = +1

"c"v‘a)
Q®
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@ Dién tich hinh thire va tinh bén cau tric

Pién tich hinh thirc thuwdng duoc dung dé dw doan tinh bén twong doi cia cac
cau truc Lewis khac nhau, dwa vao cac nhan xét sau:

1. CAu trac Lewis c6 dién tich hinh th’c nhd nhat sé
dwoc wu dai nhat.

2. Cau tric Lewis c6 cac nguyén t&r ké nhau mang dién
tich hinh thirc cung dau sé it dwoc wu dai nhat.

3. Cac dién tich hinh thtrc c6 dau trai nhau thuwdng &
trén cac nguyén tr ké nhau.

4. CAau trac Lewis c6 dién tich hinh th&rc am & trén
nguyén tr c6 dé am dién cang I&n sé dwoc wu dai.

34



dién tich hinh thurc.

Bude 1:  Cau trac khung: O—N—O

Ed Viét cau truc Lewis cta NO.,*, chi ré cédc

Buwoc 2: e hdatri=6+5+6-1=16¢e"

Bwoc 3: e conlai=16-4=12
Budce 4:  Te- khong lién két = 16

Thiéu 4 e- — tao lién két da

: O—N—O

35



) Viét cau tric Lewis caa NO.,*, chi ré cdc
— dién tich hinh thure.

Budéce 5: Dung lién két doi
.Q o0 o0 + oo
DN — O=N=D

U

Buoc 6: Xac dinh dién tich hinh thirc

1
DTHT(O)=6-4—— (4)=0

2

1
DTHT(N)=5-0-— (8) =
+1 2

36



[F7] Viét cau truc Lewis cda NO,*, chiré céc
— dién tich hinh thire.

Budéce 5: Dung lién két ba

A

:.g:)_N—.g:):  — 30+E N+— :O-

Buwoc 6:  Xac dinh dién tich hinh thirc

FC(0O=)=6-2 1 (6) =
+1 b L

FC(N) =5-0
+1

(2) =-

N’H N’H N

FC(O—)=6-6

®= :o=N"0b ! 8
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[£#] Baitap

1. Viét cau truc Lewis va chi rd cac dién tich hinh
thlrc cua cac chat sau:

a. NH,*
b. O,

2. C6 2 cach sap xép cac nguyén t trong
hydrogen cyanide: HCN va HNC. Hay tinh dién
tich hinh thirc va duw doan cau tric Lewis thich
hop nhat.

3. C6 3 cau tric Lewis cda ion NCO- ting véi 3
cach sap xép nguyén for khac nhau va dw doan
cau truc nao thich hop nhat

_(N-C-OJ,, (C-N-O)-, (C-O-Ny

38



S ciing hurdmg trong cau tric Lewis

= M6t s6 phan tir va ion khong biéu dién ding cau tric cua
né bang 1 cau truc Lewis.

'Y o0 + e Y o0 ¥+ o0
Ozone OoO=0—0: - > :0—0=0
[ X ] \.. [ X J / [ X )
Ve et oo Y2 Cau truc cong huwéng

H H
I |
C H o H
Il = | |
Cqb C\ M _,/‘
I
H H

Khéng mét cau triuc cong hwéng nao 1a divng 1 minh. Cau tric dang la
cau trac trung binh, lai tao cua 2 cau triuc cong hwéng.




@ Cau tric cding hudmg khbing twomg dwong

= Cau truc cdng hwdng twong dwong: cé clng so lién
két va loai lién két

‘ . {e} oY {ON
COBZ_ . | e _
= Cau truc con( ).gwo’ng khong t,u’o’ng dwo’ng 250 }
\@® / \@ / .“\@_@
N—O. (3) / .O.o ./N 0.0
HNO3 (2):g§é :p/ 30>
(@) (b) (c)

— Xac dinh cau truc nao mé ta lién két tot nhat.

— Duing dién tich hinh thirc dé du doan cau truc
~CONg hrdng nao dwoc wu dai nhat.
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@ Cau tric cding hudmg khbing twomg dwong

120 H s0° H $0 H
® / o / o @
N—O2(3) N—gh " ¥

(28Q° 3Q $0°

(@) (b) ()
Céu tric a va b twong dwong, ¢ khdng twong duwong

Xét dién tich hinh thrc: cau tric a va b wu dai hon c
— Cau trac ctia HNO; la cau trac trung binh cda a va b

Nghiém dung voi thwe nghiém: dé géi lién két N-O(1) va N-
O(2) bang nhau va nhd hon lién két N-O(3).
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<
Phén 1w khong thoa quy tac bt i
Céu trac Lewis cla phan 16n cac phan tir c6 tam electron

xung quanh maoi nguyén t’CI’ nang va hai nguyén t xung
quanh H: tuan theo quy tac bat tr.

Tuy nhién, c6 ba loai phan tlr khong tuan theo'q_uy tac

bat tuw:

= cac phan ti thiéu electron

= cac phan ti co sb electron 1&
= cac phan tr giau electron

.
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@ Phan tir thiéu electron

Cac nguyén tor thuéec nhom 2(2A) va 3(3A) chi co hai va ba
electron hoa tri
—» khéng du electron dé thda quy tac bét tir.

Khéng bén trong

Be: 1s22s? BeH _Re— ]
2 H-Be-H pha khi, & pha ran &
B: 1s22s°2p* BF, dang (BeH,),
:Fs :i‘i‘
| ;
B~ B
N\ \F
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HB:H O\ o

Al

H o cl
\?H/B \H

H

Diborane

PO

Al,Clg Dimer
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https://www.google.com.vn/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiF6OnZuILTAhUBpJQKHc0KCV8QjRwIBw&url=https%3A%2F%2Fchemistry58.wikispaces.com%2FStructure%2Band%2BProperties%2Bof%2BMatter&psig=AFQjCNFKtc5Bwn9KQs-_RxUYHsyUyDkSpw&ust=1491108106446897
https://www.google.com.vn/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiw3uaNuYLTAhUBPJQKHR6hCwIQjRwIBw&url=http%3A%2F%2Fpages.swcp.com%2F~jmw-mcw%2FParsing%2520the%2520Bonding%2520in%2520the%2520Aluminum%2520Trichloride%2520Dimer.htm&psig=AFQjCNFpysN4BPVt5q6slsm4azjbJ8tAQw&ust=1491108215864046
https://www.google.com.vn/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwij7qnruYLTAhWIy7wKHRvyBe8QjRwIBw&url=http%3A%2F%2Fchemistry.stackexchange.com%2Fquestions%2F34842%2Fwhy-is-bcl3-a-monomer-whereas-alcl3-exists-as-a-dimer&psig=AFQjCNFD67LBkD8JVUYaOjxMKyrj-sedSg&ust=1491108411134260

@ Phén tir c6 s6 electron 1&

N — 5e° Nl <« Q:%,
NO O _ 6e- o0 o0
1le (@) (b)
Ho=i

= Phan t& co sO electron 1& dwoc goi la gbc, thwdng rat hoat

ddong va cho phan &ng tao thanh cac phan tl cé s6 electron
chan tuan theo quy tac bat tw.

°0 oo oo /O:
..:No + ONZQ —_— N_N/
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@ Phan tw giau electron

S — 6e oo :F: o0

SFq 6F — 42¢" oFo 1 sFs
48e" S

6lien kétdon (6x2)=12 = &
18 cap electron c6 lap (18x2) = 36
Téng =48

Phan tl nay dwoc goi la giau electron, trong cau tric Lewis
c6 nhiéu hon tam electron quanh mét nguyén t.
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Viét cdu triic Lewis cia XF4

Xe — 8e- 3= oo

Xek, 4F — 28e @& /°F°
[ ] .\

4 lien két don (4x2) =8 °o .o
12 cap electron co lap (12x2) = 24
Toéng = 32

Con 4e-
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Cau Truc Phan Tir &
Ly Thuye! /2 Lién Ket



NG i g i

Muc tiéu:

4.4 (2D dcton hoa (VSEPR)

& Phan biét cach sdp xép cac cap electron véihinh
dang phan tt.

% Xac djnh cach sap xép cac cdp electron cua nguyén ti-
O gilra.

@ D doan hinh dang phan t& bang mé hinh VSEPR

.



& Hinh dang phan tw

. e o e
P "y —
¥ —

graphitc (10,10} mhe

©Chris Ewels
= C4u truc Lewis: H—O—H

= Hinh dang phan t: dwgc xac dinh boi
» Goc lién ket (bond angle):
goc gitra 2 lien két ké nhau.

- Do dai lién két (bond length):
khoang cach 2 hat nhan.

\M >0



file:///F:/../../../../Documents and Settings/Nguyen/Desktop/VL06/Chapter6/Movies/c60.ewels.mov

= phan t&r CCl,:
Goc CI-C-Cl = 109.5° (exp.)

— Phan tlr khdng thé phang

Bond

distance,
1.78 A

Bond angle,
109.5

(b)
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Béng cach nao xéc dinh hinh dang phén tor ? |- 2l

Chi biét electron!

Vi du vé céu tric NH,?

H

N
\
H

2N o
H H H/\H

Cac cap electron tao lién két va co 1ap co xu hudng
& cach xa nhau!

-1 Mo hinh VOEPR



VSEPR - Valence Shell Electron Pair Repulsion Model

Doan nhan dang hinh hoc clia phan ti t&r lwc day tinh
dién gilra cac cap electron (tao lién két va co lap).

Linear Bent Trigonal Trigonal :
planar pyramidal

Trigonal
bipyramidal

Octahedral
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Quy tac VSEPR th 1

x Phan tr c6 hinh dang sao cho lwc day tinh dién gitka cac cdp
electron & I6ép hoa tri nho nhat

& Lre day nhé nhat khi cac cédp electron & xa nhau nhat .

Sé ngtir lien Sé electron c6 Cach sap ‘
két v&i ngtlr 1ap trén ngtlr xép cac cap ~ Hinh hoc
Phan loai trung tam trung tam electron phan tw

AB, 2 0 Thang

o
A=
}g:mw
‘ S

(@)
o
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Beryllium Chloride

180°

0 cap electron cb 1ap trén nguyén tr trung tam

*Cl—Be—Cl

\

2 Nguyén t&r ndi v&i nguyén tir trung tam
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VSEPR

Sé ngttr lien SO electron ¢c6 Cach sap

két véi ngtie 18p trén ngtlr xép cac cagp ~ Hinh hoc
Phan loai trung tam trung tam electron phan tw
AB, 2 0 thang thdng
tam giac tam giac
ABs 3 phang phang
. B

Boron Trifluoride
A 120°

Planar

A,
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VSEPR

Sé ngtir lien Sé electron c6 Cach sap ‘
két v&i ngtr  18p trén ngtlr xép cac cap ~ Hinh hoc

Phén loai trungtam  trung tam electron phan tw
AB, 2 0 thang thang
A 3 T4 S 44
AB, 4 0 tu_’_dién t&r dién

B

B
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Tetrahedral

Tw dién

Methane
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VSEPR

Sé ngtir lien Sé electron c6 Cach sap ‘
két v&i ngtr  18p trén ngtlr xép cac cap ~ Hinh hoc

Phén loai trungtam  trung tam electron phan tw
AB, 2 0 thang thang
AB, 3 0 tamagiéc tamagiéc

phang phang
AB, 4 0 twr dién t&r dién
AB. 5 0 lwong thap lwdng thap

Tam giac
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Phosphorus Pentachloride

Trigonal
bipyramidal
Lwdng thap
Tam giac
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VSEPR

Sé ngtir lien Sé electron c6 Cach sap ‘
két v&i ngtr  18p trén ngtlr xép cac cap ~ Hinh hoc

Phén loai trungtam  trung tam electron phan tu
AB, 2 0 thang thang
A3 0 et
AB, 4 0 ter dién t dién
AB: 5 0 lwd'ng thap lwdong thap

Tam giac Tam giac
ABg 6 0 Bat dién Bat dién
aa B

90°
A

P

90°
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Sulfur Hexafluoride

Octahedral
Bat dién

.
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Bang 1:

Bat dién

S Cach sip xép céc | . . . | Géclienkét | Thi

khéng gian cap dién tir Hinh dang phan tix du doan du
180" Be(Cl;

1200 BF-

109 50 CH,

900
120° PFs
90° SF
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Céac budc dé duw doan hinh dang cla phan t

x Viét cau tric Lewis cla phan tor.

x X&c dinh s khéng gian (steric number) ctia nguyén tr trung tam.
S6 khong gian = S6 cdp e cd 14p + Sé ngtir lién két

~ DUng sO khong gian dé xac dinh cach sap xép sao cho cac cap
electron & I&p hoa tri cach xa nhau nhat, do dé day nhau it nhat.

CO, == O=C=0 == O—C—0 mmp (<@

Cau tric Lewis Hinh hoc phén to

@ Khi khong c6 cac cap electron co lap trén nguyén ti trung tam thi: cach
sap xép cac cap e hoa tri phan anh hinh dang cua phan te.
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? ©
w  wBn g7 1

= Tinh chat cda cap electron cd lap ?
= Anh hwéng cda cap electron I&n hinh dang phan t ?

. , |
Quy tac VSEPR th 2 HH—AOJQ

Luc day (cdp e c6 1ap - cdp e ¢6 13p)
> L day (cdp e cb 14p - cdp e lién két)
> L day (cdp e lién két - cdp e lién két)
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H e e
4 0
- il - o
p o H i - i il ’ H
H H .
H H
Lwc day cla cap . Lwe day cta cap Lwc day cla cap

aldp-ecolap “ecdlap-eliénkét ~ e lién két - e lién két
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VSEPR

S6 ngtir lién SO electron c6 Cach sap ‘
két véi ngtle 1ap trén ngtle xép cac cgp  Hinh hoc
Phén loai trung tam trung tam electron phan tw.

tam giac  tam giac

ABs 3 0 phang phang

tam giac
phang

goc
3 3 @
74

.'Q/ \Q.. A ’
B B ‘ .
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For NO,

For O,
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VSEPR

S6 ngtir lién So electron cd Cach sap
két véi ngtie 18p trén ngtlr xép cac cap  Hinh hoc

Phan loai trung tam trung tam electron . phan tw
AB, 4 0 tr dién ter dién
thap
AB,E 3 1 ter dién tam giéc

Y/ cOL

VV
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VSEPR

Sé ngttr lien So electron cd Cachsap -~
két véi ngtie 18p trén ngtlr xép cac cap  Hinh hoc

Phén loai trung tam trung tam electron phan tw
AB, 4 0 tlr dién twr dién
thap

AB;E 3 1 tr dién tam giac
AB,E, 2 2 tr dién goc

" RN
N/ B
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VSEPR

S6 ngtir lien SO electron c6 Cach sap ‘
két véi ngtie 18p trén ngtlr xép cac cap Hinh hoc

Phén loai trung tam trung tam electron phan tﬁ’_
AB: 5 0 Lwdng thap  Lwdng thap
tam giac tam giac

Lvong thap 4y dien léch
AB,E 4 1 tam giac i
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VSEPR

So6 ngt lién So electron c6 Cach sap
két véi ngtir 13p trén ngtlr xép cac cdp ‘Hinh hoc

Phén loai trung tam trung tam electron phan tor
AB: 5 0 lwdng thap lwéng thap
tam giac tam giac
AB4E 4 1 lwdng thap tr dién léch
tam giac
lwd'ng thap Dang chiv T

AB;E; 3 2 tam giac
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VSEPR

S6 ngtir lien SO electron c6 Cach sap ‘
két v&i ngtie 1ap trén ngtlr xép cac cap ~ Hinh hoc

Phan loai trung tam trung tam electron phan tw
AB: 5 0 lwdng thap lwdng thap
tam giac tam giac
AB4E 4 1 Lwdng thap ttr dién léch
tam giac
ABE, 3 2 Luong thdp  Dang chGr T
tam giac
lwdng thap than
AB2Es 2 3 tam giac J
B

. 4;; e AES

S

B
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VSEPR

S6 ngtwr lien S6 electron cé Cach sap ‘
két v&i ngtle 1ap trén ngttr xép cac cap Hinh hoc
Phén loai trung tam trung tam electron phan tur.

ABg 6 0 bat dién bat dién

AB.E 5 1 bat dién

74



VSEPR

Sé ngtir lién SO electron c6 Cach sap ;
két véi ngtie 18p trén ngtlr xép cac cap Hinh hoc

Phan loai trung tam trung tam electron phan tw.
ABg 6 0 bat dién bat dién
AB:E 5 1 bat dién thap vuong
AB,4E, 4 2 bat dién thap vuéng
2 vi tri nhw nhau = ‘ F

\ |/
Xe
/ |I\

F | 'F
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Bang 2:

SO khong | Songuyén | 56 cdp | Cach sip xép céc Hinh dang Goc lién két Thi du
gian tir lién két | e ¢b lip cdp dién tiy phén tur du doan '
- SO
3 2 1 %\/O 120° :
.. G,: khr SHCIQ
Tam gidc ap kKhuce
phang
Df\ﬂ
4 3 1 109.5° NHj5
Thap tam
4 2 2 D(/} 109.5° | H;0
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Bang 2 (tt):

S6 khong | S6nguyén | S6 cdp | Céach sdp xép céc Hinh dang Géc lién két Thi du
gian tir lién két | e c6 lap cdp dién b phén tix du doan '
SE4
90°, 120°
5 4 1 ’ ’
180° XeOQ.F
Luéng thap 2
tam giac
O
5 3 2 90°,180° | CIF;
Luéng thap Dang T
tam giac '
5 2 3 1800 | b
Luéng thap Thing
tam giac
—Y . . | CIFs
6 5 1 90°, 180 XeOF,
Bat dién
o o XEFq
90°, 180 ICly

Bat dién

Vuéng .p hiing

77 C




Ap dung VSEPR dé xé&c dinh hinh dang phén ti

Phan dang phan twr thanh 2 nhém: Nguyén ter trung tam co
hay khong co electron co lap

1. Viét céu trac Lewis cho phéan ti, chi chd y dén nhiing cdp
electron xung quanh nguyén tr trung tam.

2. Tinh s cdp electron xung quanh nguyén ti trung tém. NOi
doéi, nbi ba xem nhw nbi don. Str dung bang 1 va 2 dé xac
dinh dang hinh hoc phan tu.

ién thap tam giac




Phan tir c6 nhiéu nguyén tir trung tam

CH;—CN
Ap dung mé hinh VSEPR cho tirng nguyén ti trung tam riéng biét.
H
Cau triuc Lewis |a: H- C(l)g Ne
H
% C(1) c6 s6 khéng gian = 4 - cap e sap

Xep dang tw dién.

— GOc lién ket H-C(1)-H va H-C(1)-C(2) phai
vao khoang 109°

#* C(2) c6 s6 khdng gian = 2 - cach sap xép
cac cap electron la thang.

t C(1)-C(2)-N vi vay la 180°

oo
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20 phan ¢ o cua phan tw

h phén cue cua phan tu tee tinh phan cuc lién két va
hén ier.

- Vung giau
Ving nghéo electron

~ electron l

Electrode Electrode




Do phan cwc cua phan tw
#* Xac dinh dé phan cwc cia 1 lién ket:
= P6 am dién: AEN

* Momen lwéngcuwc u. |p=Qr

Q = gia tri tuyét doi cla dién tich

r =do dai lwdng cuwc

u (Debye), 1 D,= 3.33 x 108 Cm
H—F H—Br

v« Xac dinh do phan cwc cua 1 phan tw ?
= Phan t& gém hai nguyén t&: H-F hay H-Br
Mphan t¢ = Phan cuc cla lién ket
= Phan t& da nguyén tr ?
Honan @ = 2 Phan cwe cla lién két

agg biét hinh dang cuia phan to
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Do phan cuec cua phan to

X~ }E Ry 5 T
N o PN
\e\/ [ ] /S/ Q ..QO
Momen lwo’'ng cwce Momen lwo'ng cwc
Phan tor phan cuc Phan tor phan cuc
T H
—t | —
0=C=0 'j:<|3 -l_—H
Khéng c6 momen lwéng cuwc H

Phan ttr khong phan cyc Khong c6 momen lwéng cwc

Phan twr khong phan cuc
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Xét tinh phan cwc cua cac phan t sau:

ong phan cwc Khong phan cwc

M



ThL_Pc pghiém cho thay phan ti PF,Cl, khédng phan cwe. Hay xac dinh cach
sap xép cac cap e va hinh dang phan tw

» Phan t& nay cé 5 nguyén t lién két va khdng co cac cap e co
lap, vay s6 khodng gian 1a 5; cac sap xép cac cap e la lwéng thap
tam giac.

» C6 thé hinh dung ra ba cach sap xép cac nguyén t& F va Cl co
thé co

—
@
_;/

®) HE_.@

(I? moment luong cuc
)i O

@'{(@:@ moment ludng cuc <—
)

©

84



Néu phan ti (gia thuyet) SF,CI,Br, la khéng phan cec thi
hinh dang va cach sap xép cac nguyén tw phai nhw thé
nao?

» Phan t& nay cé 6 nguyén t lién két va khéng c6 cac cap e co
lap, vay sO khbng gian la 6; cac sap xép cac cap e la bat dién.

khong co moment luong cuc
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Ly thuyet lién két cong héa tri

» Cau trl]g Lewis va mo hinh VSEPR khéng giai thich dwoc sw hinh
thanh noi.
» Bang cach nao dé dién ta hinh dang phan ti theo cac sé hang cua
co hoc lvong t ?
x Cé&c van dao (orbitan) cé lién quan dén lién két ?
« Str dung ly thuyét lién két cong hoa tri
“Lién két dwoc hinh thanh tir sw xen pha (overlap) clia cac
van dao hoa tri nguyén t&r tham gia dung chung doi
electron.

#C6 2 electron ¢ spin ngwoc chiéu nhau trong van dao
xen phu.

# Xen phu cang nhiéu, lién két cang manh.
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7« Sw hinh thanh phan tw H,

Vung xen phu

# Sw hinh thanh phan tir HCI va Cl, s —

Vung xen phu

H/ cl ::1\ cl




(lowyr) ABiauz

-436

H distance

H-

[o2]
o




7« Sw hinh thanh phan tw H,

Vung xen phu

# Sw hinh thanh phan tir HCI va Cl, s —

Vung xen phu

H/ cl ::1\ cl




7« Sw hinh thanh phéan tw H,S

2H-1st S — [Ne] 3s%3p*

Néu lién két dw Cc hinh thanh
van dao 3p trerf Ol 1s trén
hoc cua H,S Sf

sme | H}[[H]1 [ H,S [H] [t H ]t

N
Dw doan HSH =90’
. N
Thwc nghiéem HsH = 92°

— Phu hop véi két qua thwe nghiém

90



7« Sw hinh thanh phéan tww NH; ?
3H-1s? N — 1s22s22p3

. e ke
Néu lién kétdwoc hinh s xep _pht

cua 3 van‘dao 2p té
thi dang hinh hoc

N[ NH, [t
N

Dy doan HNH = 90°
N

Thwe nghiém HNH = 107°

hdng phu hop véi két qua thwe nghiém
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Sw tap chung hoa cac van dao nguyén tuw

v¢ Cac van dao tap chung la cac van dao duorc tao

thanh do sw phoi hop hai hodc nhiéu vén dao nguyén

tte trén cung mét nguyén tur.

= Cac van dao tap chung m¢&i tao thanh sé c6 hinh
dang va dinh hwéng khac cac van dao nguyén tur
da dwoc dung dé tao ra chung.

= SO lwong céc vén dao tap ching moi béng véi s6
AOQO da dung dé tao ra chung.
Mot van dao 2s tap chung voi 1 van dao 2p sé cho

hai van dao tap chung mdi, ¢ hinh dang va dinh
huwong khac cac van dao 2s va 2p.
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Van dao tap ching sp?

<

Combine to generate
four sp* orbitals

Which are represented
as the set

- &
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Tap chung sp® trén N

P

Sp-
Hybridize > E

SR
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Tap chung sp® trén C

Hybridize > E
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Van dao tap chung sp?

2 2 —14 4§
E Hybridize > E 5P

258 —
," y \
\ P, P, )

Combine to generate
b %
three sp~ orbitals

Which are
. » represented
as the set

Tam giac phang



Van dao tap chung sp

¥ P
E Hybridize > E sp — —

Combine to generate
two sp orbitals

y y

Which are
x p represented
as the set
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Van dao tap chung sp?d, sp3d?

(a) sp3d orbitals

sp3d? orbitals

Trigonal-bipyramidal structure

Octahedral structure
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Béng cach nao dé doén nhan trang thai tap ching
cua nguyén twr trung tam ?

Tinh sb electron cé 1ap va sd nguyén t lién két voi
nguyén tw trung tdm (s6 khéng gian)

SO khong gian Goc lién két Tap chiing Vi du
2 180 Sp BeCl,
3 120 sp? BF;
4 109.5 sp®  CHy, NHg, H,0
5 90, 120 sp°d PCl;

6 90 sp3d? SF,




Important Hybrid Orbitals and Their Shapes

Pure Atomic Hybridiza-
- Orbitals of tion of the Number Shape
B an 3 . the Central Central of Hybrid of Hybrid
g . Atom Atom Orbitals Orbitals Examples
180"
s p sp 2 @ BeCl,
Lincar
s p.p sp’ 3 BF,
120°
Trigonal planar
S pop.p P 4 S CH,. NH}
/
Tetrahedral
90°
-
sspopopod spid 5 PCls
120°
|
Trigonal bipyramidal
90,
sp.opopod d spid® 6 SF,
10
1
Octahedral




hybridizations




Phan tl co lién két da
* Lién két don:
CD Xen phu gitta hai AO s
C:DQ Xen phu gitta AO s va p
CDG Xen phu gita AO s va van dao tap chiing
(> )>x) Xen pht giita hai AO p
D@Q Xen phu gitta AO p va van dao tap chung
D@O Xen phu gitra hai van dao tap chiing
= C4c lién két nay, dwoc tao thanh tr sw xen pha theo truc doi

xtrng cua cac AO hay cac van dao tap chung, dwoc goi la cac
lien két sigma (o).

-Trong lién két o, cap e dung chung phan bd ddi xirng quanh
“ ai nhan cla cac nguyén to lién két.



* Lién ket doi:
Trong etylen C,H,, cac cdp e & mdi C sap xép theo dang tam giac

phang, nhw vay C da dung van dao sp? dé tao lién két

Nang lugng
A

2p

2S

—_—

3

2p

sp—— I

3

T

Van dao tap ching sp2 trén C

Overlap of p orbitals leading to pi () bond 4




# Lién két ba:

. CAau tric Lewis c6 mét lién két ba H—C=C—H
» Hinh dang thang: C & trang thai tap chlng sp

Biéu d6 mirc nang lwong clia nguyén tir C, sp, tao 4

liehaRglwone
2— [ [ 1] j— 2o [ T[T —
— s»— || [\$G=
2s “ Van dao tap ching sp trén C

s Q/‘ —
9G9" T

Formation of & bonds Formation of  bonds Space-filling model

10
5




Mo ta céch tao lién két trong CH;-CH=CH,
Hay cho biét sw tap chung cua cac nguyén twr o trung ta
va loai (o hay 1) cua tieng lién két

H  _H

X s . > \C:C§3)
Céu truc Lewis cua propylene Hﬁ'%@ H
H

Sé6 khéng gian cta C(1) 1a 4: tir dién ; cac goc lién két
guanh C(1) = 109° va suw tap chung twong trng la sp3.

S6 khéng gian ctia C(2) va C(3) déu la 3: tam gidc
phang ; sw tap chung twong trng la sp?.

(b) s



x Céc lién két C-H: duorc tao thanh tir sw xen phd cia
van dao sp3, sp2 trén cac C voi van dao 1s trén cac
nguyén toe H. |

« Lién két C(1)-C(2) duoc tao thanh tir s xen phu cla
mot van dao sp3 trén C(1) véi mét van dao tap chung
sp2 trén C(2). Mot trong hai lién két gitra C(2) va C(3)
la lién két o duoc tao thanh tir sw xen phi ctia moét
van dao sp2 trén cac nguyén twr nay.

Nhuw vay 8 trong 9 lién két Ia lién két o.

« Lién két ther nhi gitra C(2) va C(3) duorc tao thanh tor
sw xen pht bén cta van dao p trén moi nquyén tir C,
1a lién két 1.



Cac buwédc md ta lién két hda hoc

» V& cau trdc Lewis
» Xac dinh hinh hoc phan t béng VSEPR

» Dinh rd van dao tap chidng thich hop v&i cau tric hinh hoc cla
nguyén t& trung tam (VB)

Cau trac Lewis VSEPR VB
Lién két o + Hinh hoc AO tap Vi du Van dap p

electron c6 lap chung trong lkét =
2 Thang sp BeH, 2 HC=CH
3 Tam giac phang sp2 BF, 1 HC=CH
4 tr dién sp3 CH, 0 H;,C-CH,
5 Lwdng thap tam giac sp3d PCls
6 Bat dién sp3d? SF;



Ning lwong lién két

- Lién hé ndng lwong lién két véi dd bén cla lién két.
- Tinh enthalpy cta phan tng ttr ndng lwong lién két.

Nang lvong lién két (bond energy) hay nang lwong phan ly
lien ket (bond dissociation energy), Ky hieu la D, la nang
lwong can thiét dé 1am dit mot mole lién két trong phan tor
¢ trang thai khi.

Phwong trinh nhiét héa hoc mé ta sw phan ly lién ket:

H, (9) — H(g) + H(9) AH = D(H-H) = 436.4 kJ/mol
Cl,(g9) = Cl(9) + Cl(@)  AH = D(CI-CI) = 247.2 kJ/mol

HCI(g) — H(9) + Cl(g)  AH = D(H-CI) = 431.9 kd/mol
Q.(9) > 0(g) +O(@)  AH = D(0-0) = 498.7 k/mol




b 4 h A ‘
Nang lweng lién ket
Do nang lwong lién két trong hop chat da nguyén tor
H,O (g) - H(g) + OH(g)  AH,O =502 kJ/mol

OH (g) — H(9) + O(9g) AH,0 = 427 kJ/mol

Hai gia tri khéng giong nhau vi cac hé cé chira lién két O-H
bi cat dut khong giong nhau.

Két quéa twong tw, nang lién két O-H trong CH,-OH (435
kd/mol) cling khac cac gia tri trén.

— V6i phén tdr gém nhiéu hon hai nguyén tir thi ndng luong
can thiét dé cat dut mét lién két bi anh huong boi cac
nguyén tr khac.




Nang lwong lién két

Bing nang hrong lién két (kJmol)

Lién két don

C-H ERE] ™N-H 380 O-H 463 F-F 159
C-C 348 ™N-I 163 O-0O 146 C1-F 253
C-N 203 ™N-O 201 O-F 190 C1-C1 242
C-O 351 ™N-F 272 O-C1 203 Br-F 237
C-F 439 ™~N-Cl1 200 O-1 234 Br-Cl 218
C-Cl 328 N-Br 243 Br-Br | 193
C-Br 276 S-H 330 I-C1 208
C-I 238 H-H 436 S-F 327 I-Br 180
C-8 250 H-F 569 S-C1 251 I-T 151

H-C1 431 S-Br 218
Si-H 203 H-Br 368 S-8 266
Si-8i 226 H-1 297
Si-C 301
Si-O 368

Lién két da

C=C 611 O2 498
C=C {37
C=N 615 ™N=MN 418
C=N |01 N=MN o016
= FToOo
C=0) 1072 S= 523




@ Niang lwong lién két &
Enthalpy cua phan ong

= Phan trng dot chay khi H, trong O,
H,(k) + % O,(k) — H,O(l) AH = -285.8 kJ/mol
= Phan &rng quang hoa:
6 CO, (k) + 6H,0(1) = CsH,,04(s) + 60,(g) AH =-2801 kd/mol

= DUng nang lwong lién két véi quy tidc Hess dé tinh
enthalpy cua phan &ng.

AH phan (ng = Z(nédng luvong clia céc lién ket bj dit) -
2 (nang lvong cua cac lién két dwoc tao thanh)

Dau am chi rang can phai tao lién két trong san phdm, mot qua
inh phat nhiét, vi vay su thay déi nang lwgng la &m cua nang




Tinh AH cua phan ng:

Hz(k) + Fz(k) —> ZHF(k) Nguyén tit & pha khi
2H(K)+2F(K)
AHy;, = [Imol X D(H-H) + 1mol X D(F-F)] A
- [2mol X D(H-F)] /
AH,;, = [1mol X 436kJ/mol + 1mol X 159kJ/mol] 2 Néng lugng no
o]
- X : |
[2mol X 569kJ/mol] AR Nahg g o6
AH,;, = -543 kJ 2 A __
- Téc chat
Céc gia tri AH phan (rng tinh ding cho céc Entalpy
phan rng gdom cac phan t& nhi nguyén ti & cua phan g
pha khi. R
Péi v&i phan I6n cac phan tng khac, enthalpy San pham

tinh toan chi gan dung vi phai ding nang
&g két trung binh.




Tinh enthalpy gén ding cia phén ¥ng

CH,(k) + 20,(k) —> CO,(k) + 2H,0(k)

Cé&u truc Lewis cta CH, , CO2 va H,0

H

I (] J [ X J o0
H-C—H O0=C=0 H—03

| (X J (X J |

H H

AH ptr = [4mol XD(C-H) + 2mol XD(0=0)]
- [2mol XD(C=0) + 4mol XD(0O-H)]
AH ptr = [4 mol X 414 kJ/mol + 2 mol X 498 kJ/mol]

- [2 mol X 799 kJ/mol + 4 mol X 463
kJ/mol]

U’=

87(?ka (thwec nghiém)



Mo ninf g
Theo thuyet VB:

- Khi cac nguyén tur lién két nhau dé tao
chat, cac electron déu ghép cap, do do

VB khong giai thich dugc tinh thuan tir
nghich tu.

ot CHTvéi i clecon g dhe 6(M0)

nop
thuyet
nay

- Khong dé cap tGi mai lién quan gilra cau truc

phan tr va phd phén tu.
= M0 hinh lién két khac

Molecular Orbital (MO)



- Tuadng tu nhu orbital nguyén tu, orbital

phan tur' la

ham toan hoc mo ta chuyen dong va nang lugng
cla electron trong phan tu.

- Xac suat tim thay electron trong phan tu cling lién
quan tdi binh phuong ham song Schodinger cua
phan t&, mo ta qua cac orbital phan tu' (MO)

Theo thuyét MO, khi
nai nguyen tu H tién
ai gan nhau, hai His
nam song 1s cua 2
nguyen tu se ket

Nop tuyén tinh vOi
nhau theo hai cach,
tuy theo cac ham

song cung pha hay Hls
ghich pha nhau

+

+ = + + = +

4]
H s T H-H

Constructive
overlap

MNodal plane
= + 3 = + E —
o*
Hls H-H

Destructive
overlap
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- MO+ tao tr cac AO cung pha co nang lwong thap
hon cac AO ban dau, va dwoc goi la MO lién két,
trong trwdng hop nay MO lién két dwoc ky hiéu la
cls do xen phu gitba hai orbital 1s cua hai nguyén tw
H la xen phu o. .
- MO- tao tw cac AO nghich pha, co nang lwong

cao hon cac AO ban dau, trong trwedng hop nay
goi la MO phan lién két, ky hiéu la o*1s.

A

 Destabilization due
to antibonding

Energy
+
T
@
- .
_I...._
L
@
+
AN

| Stabilization due
to bonding
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Nguyén tac chung cua thuyét MO

- Tong, s6 cac MO thu dugc ludn bang tong s6 cac AO tham
gia to hap.

- Obitan lién két (MO) c6 nang luong thap hgn obitan goc,
ngugc lai obitan phan lien ket (MO*) co nang lugng cao
haon obitan goc.

- Cac electron cua phan tor dugc dién vao cac MO theo thir
tu nang lugng tang dan.

- Cac AO két hgp dé tao MO hiéu qua nhat khi c6 mUc nang

luong bang nhau.

Bdi véi cac phan tir hai nquyén tir, do bén cuia lién két cd thé

danh gia qua gia tri bac lien ket (BLK) tinh theo cong thuc.

BLK cang cao, phan tu cang ben, phan tu khong ton tai neu

BLK bang khong (0).

BLK = %> ( tong sO electron trén cac van dao lién két — tong
ctron tren cac van dao phan lien ket)

awalra

W\ \\
W\ WG
‘ \ \
W\



Cac phan tu nhi nguyén tu dong nhan thudc chu ky 1

theo thuyét MO
A

Energy

‘ b 3 '
/ 0"\. \

/ % Y
/ a ) \
/ s

\ / \




Cac phé‘n tu nhi nguyén tu dong nhé‘n thuoc chu ky 2

] . 9 ..‘ a3, (antibonding)
2P 2P

....‘ o, (bonding)

i o ’ ‘
b) N X
2Py 2Py .

I
I n . v

I Tr,l,(amlbondmg)
I

I

5 ,(bonding)

|
!
u
| o N .

| n’l,(:lntllmnchng)
|

[

O

P A

-
Co
| —

m,,(bonding)
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?T:l[:p‘ WE p
T2p tH
Tp T2p t t e t tH th
a5, b H 4 H
O 1 th te i b
Li, Be, B, C, N,
Bac lién két | 0 1 2 3
Tt tinh Nghich tr - Thuan tr Nghich tir Nghich tur

Cac chat nghich tu la cac chat khong c6 momem tu(tong

vecto tr quy dao va tur spin clia toan bd dién tir bang 0). Khi
dat vao tu truong ngoai trong cac phan tu seé xuat hien dong,
SRy va tao ra tu truéng phu ngugc chieu tu’ trudng ngoai.

12
4
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Cac phan tua’ nhi nguyén tu’ di nhan thuoc chu ky 2

- Diéu khac biét doi vai cac phan tor dong nhan la cac AO cung
tén cua hai nguyén tr trong phan tu di nhan cé nang lugng
khong bang nhau.

A C CO O
- Orbital 2s cua C c6 nang —
lugng cao han orbital 2s clia P
O, 2p cua C cd nang lugng — ™, T, “*‘:\%
cao han 2p cua O. Do dé 2p M e N
tuong tac 2s — 2p gilta hai 3, T Ty Ty
nguyén tr di nhan dé xay ra o el
hon, trat tu ndng lugng cia = @
cac MO trong cac phan tu di TR
nhan tuong tu nhu cac phan 25 72
tr dau chu ky 2. —
o 2s
O







Ni-atom

Ni (0)

[Ni(CO),]

3d

by

ty

ty

ty

ty

by

A

A

ty

|

sp’ - Hybridisation

P ———— - ————————

1 | X X \xl x :
T
CO  COCOCO

(-1)  (+1)
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- Cac MO 16 va 3o cua phan tu CO dugc coi la MO khong lién két;
cac MO 2 va 1r la MO lién két. Trong d6 MO 3c c6 néng lugng
xap xi AO 2p cua C, nén mang dac tinh 2p cua C
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! ] ’ nsz "2py

TR -

TIZPx n2py

- Phan t& NO mat mot
1L electron dé thanh ion

||
E'H s NO+ , BLK ctia no
. tdng 1én, nén co thé
i du doan ion NO+
‘0125L - tueng doi bén haon

N (AOs) NO (MOs) 0(0s) phan tor NO.
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A

Hydrogen

Hydrogen fluoride
HF

Fluorine




A 05,
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15 %
F | Nonbonding orbitals ’ ltl; 1|l; | 3& jPLy j?'pz ‘
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Nonbonding orbital e j\tl; _%—

H (AO) HCl (MOs) Cl (AOs)
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Lién két phai tri. Acid — base Lewis

- Lién két phai tri nhu' vay dugc tao thanh do su xen phu cua
orbital hda tri trng (khong chia electron) cua _‘nguyén tu
(hodc phan tu, |on(5:l thar nhat vai orbital chua cap electron
khong lién két cua nguyén tu (hodc phan tu, ion) thu hai,
Trong phan Ung hoa hoc kem theo su tao thanh lién két phoi
tri nhu vay, cac chat tham gia phan ('ng dudc goi la acid va

base Lewis

3d 4s 4p
Cr-atom ol ol 5 A A 4 J
Cr (i) 1414 NN

d’sp’ - Hybridisation

A T A e o T T e 1 T ARt PR SCnES
. ‘[.

3+ I
[Cr (NH)] BEIEHESIES  x x{\ii.._J,

T

NHy NH,  NH,  NH,NH, NH,
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e [RIATATATE] [N

FeCo)gl [AV | MY [ Ay A [xx] [xx

3d 4s 4p
Co-atom N ﬁ 4 } ) N
Co (Il RIS RSN
.......... d AP = hyDsee.
[Co(NH,),)** Ay Ay idy |-l X X xx | % x xx;i
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Acid Lewis la nhiing phan tU hay ion co orbital hoa tri
trong, co thé xen phl vdi orbital chifa hai electron cla phan
tr hay ion khac dé tao lién két cong hoa tri.

Base Lewis la nhiing phan tu co orbital chira cap electron
chua lién két, co thé xen phu vdi orbital tr6ng cua phan t
khac dé tao lién két cong hoa tri.
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COng hudng — Lién két = bat dinh cho

T T
C H H\ﬁ/C\T/H H\IC/C\lT/H
G B S ST
| ; |
MoIecBL:eI;]rz ?Qremula Z Kek?é;ﬁ::g;’lres H Boilgrlzrnzsr:(ala?)npm

Sigma Bonds

sp?Hybridized orbitals delocalized pi Benzene ring

6 p: orbitals system Simplified depiction
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A
A

4 o
A

Cac orbital 7t cua benzene

.

Energy

7 Phan lién két




Piéu kién dé c6 cdng hudng xay ra?

Cac van dao pi phai song song v3i nhau

Van dao pi song song vdi van dao p trong hoac c6 mang
doi dién tr co lap

Van dao p chua doi dién tu co lap song song vai van
dao p trong

L . 2 4 ] 2 e 4
Hals——— o ——1 - e
2 o o He HEE'J C c %HE
1 3-lutadiens
- o223 double
bond character

§850

4 AD conjugated systerm
of 13- Ic:utalz:hEne i
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LIFC LIEN PHANTTU

Chat l6ng valran-

.



Nguyén nhan khac
biét & 3 trang thai ?

Lwc gan két cac
phan tir lai véi
nhau!

Lwc lién phan to

, ‘ \ = Pun soi:
“ " pha v& luc
& . §< t°1 hay P| = lién phan tr
, O ta é > A
D, & » 9 ) < Lam lanh:
’! Lam lanh ha}y nén hinh thanh

e 4

Ran Long Khi
Manh nhat Manh Yéu
W - !

lwc lién phan tw



A

Lwe lién phén tw
< Lwc lién phan tw (Intermolecular force)
Sinh ra do lurc hat gidka cac phan tw (hé
qua cua cac dién tich cuc bd), hay gitra
cac ion va phan t. |

< Lwec ndi phan tw (Intramolecular force)

Sinh ra ttr sw hut gidra:

= cation & anion (lién két ion)
= nhan & cac cdp electron (lién két héa tri)

= cation kim loai va cac electron héa tri bat
dinh xcr (lién két kim loai)

Ban chat:
Céac Iwe ndi phan tr va lién phan t déu phéat sinh do cac lwe hat tinh

dién gitra cac dién tich trai dau.



Cuong dd
Lwc lién phan tir thwong yéu hon lwe ndi phan tor
H—O—H(g) e O (g) (absorbs 920 kJ/mol)

H,O0(() — H,0(g) (absorbs 40.7 kJ/mol) bi

¢ CAac lwe ndi phan tir twong déi manh do sinh ra tir cac
dién tich (cua ion hay cua nhan va cap electron dung
chung) I&n hon va & gan nhau hon.

< Cac lwc lién phan tir twong doi yéu do sinh ra tir cac
dién tich nhé hon va & cach xa nhau honn.

Do lwc lién phan tuw:

i Ay A A Nhiét do sbi, nhiét nong chay
Nhigt do soi cang cao, d6 Ion cua lwce lién

Nhiét ndbng chay phan tir cang Ion.




Phén loai lwe lién phén tu
Co nhiéu loai lwc lién phan to:
< lon-lwdng cuc

< lwdng cye-lwdng cue
Luc

< lwdng cuwc-lwvdng cuc cam ng
van der Waals

< lwc khuéch tan }

< lién két hydro

PV
= Khi li tu@ng H:"

2

= Khithat p— KT _ra
V — nb V2 Johannes Diderik van der Waals

(1837 — 1923)

14
4



2. Lye ion = lwdng cwe

Khi mét ion (cation, anion) va mét phan t&r phan
cwe (lwdng cwe) ké bén hut lan nhau sé sinh ra
lwe hut ion-lwdng cuc. .

Twong tac gilra ion - lwdng cwe

cac ion sé phan ly do lwc
~ hat gidra cac ion va cac

| cwec tich dién trai dau cua
. phan tir nwéc vwot qua
~  luc hat gidtra chinh cac
. ion. 3

Vi du: Hoa tan
NaCl trong nwéc



file:///F:/../../../../Hoa tin/Desktop/VL06/Movies/DissolutNaCl.mov

Nang lwong twong tac: E = zu/r?

Twong tac
yéu

)

Twong tac
manh

=)

— Ban kinh cang I&n, lwe hat cang yéu

— Dién tich cang Ion, lwe hut cang manh



3. Lwe lwdng cure - lwdng cuwc

Khi cac phan t&r phan cwc & canh nhau, cac dién
tich cuc b6 cua phan tir tac ddng nhw nhirng dién
trwdrng rat nhéd, lam phan t& dwoc dinh hwéng va
lam phat sinh lwc lién phan t&r lwdng cue - lwdng
cwe (Le-Le): lwe hat (-A-) hay day (-R-).

Phan t&r c6 xu hwéng dinh hwédng cho lwc hat |a
cwe dai va lwc day la cuc tiéu.

B+ B— i+ -
shown as B+ shown B+
ET_F g EE___@-SHEE}— 15 3_ E_




3. Lre lwdmg cue - lwdmg cue (Leske) >

Sw dinh hwéng clia cac phan t&r phan cwc trong chét ran

Luc (Lc-Le) gitra phu thubdc vao moment lwdong cuc
cua cac phan tt.

- Phéan ttr cang phéan cuc — luc (Le-Le) cang 1on.



Déi v&i cac hop chét phan tir cé kich thude va khéi luong phén tir gan bang
nhau:

Phéan twr cang phan cuec, lure tirong téc‘Lc-Lc gitra
cac phan tw cang Ién — can cang nhiéu nang |
lrong dé phan ly chung — nhiét dé sdi cang cao.

450
400 - 392
350 - —e— Moment ludng cuc

300 - ) (Debye x 100)

i 269 —=— Diém s6i (d6 K)
250 71
200 ] 187

150 -
100 -
50 -

O 8 1 1 1 1 1

Propan  Ete dimetil Clorur metil Acetaldehid Acetonitril
44.09 g/mol 46.07 g/mol 50.48 g/mol 44.05 g/mol 41.05 g/mol

30




Giai thich Cis-1,2-dicloroetilene c6 nhiét dé séi cao hon dong

phan trans.

Hx H
| ¥
/C——C\
¥ v NG
Phan cuwc
cis-1.2-dicloroetilen

HHHH
2. W b

H C C
SNer et H

C\ C‘\

4 4

H HH H
Butane (CyH )

Mol mass = 58 amu
bp = —0.5°C

N ;;::1
m¢ Q

Khong phan cue
trans-1.2-dicloroetile

6._

II
H H

\C\/ \C\/
4" 4

H HH H
Acetone (C;H,O)

Mol mass = 58 amu
bp = 56.2°C



* Nguyén tir hay ion cang nho thi kha nang phan
cwe cang yéu vi cac electron cang gan v&i nhan
va cang bi gitr chat hon.

= Trong moét nhém cla bang tuan hoan: |
Pi tir trén xubng: khd nang phan cwc cla cac
nguyén tor hay ion tang vi kich thwéce tang va dam
may electron cang /én cang dé bi bién dang.

= Trong mét chu ky cda bang tuan hoan:

Tinh ttr trai sang phai: kha nang phan cwc giam vi
dién tich hiéu dung cua nhan tang lam electron bj
gilr chat hon.

= Cation it c6 kha nang phan cwc hon nguyén tw
twong wng vi kich thwéc nhé hon.

= Anion c6 kha nang phan cwc I&n hon nguyén tw
pong wng vi kich thuwéce I&n hon.



4. Kha nang phén cwe
Lue lwd&ng cwe cam ng

Cac electron (lién két hay cb lap) déu lién tuc di
chuyén — thwdng dwoc hinh dung dwdi dang cac
“dam may” dién tich am.

Mbt dién truong co thé lam bieén dang dam may:
kéo electron vé phia dién tich dwong hay day
chung ra xa khoi cac dién tich am.
V&i phan tir khéng phan cwe, sy bien dang nay
dan dén mot moment lwéng cwe cdm (rng tam thoi.
V&i phan tir phan cwe, sw bién dang dam may
lam tang moment lwvdng cwc da ton tai.

Kha ndng dam may electron clia phan t& bj bién dang
goi la kha ndng phén cuwc cua phéan tw.




5. Lwre khuéch tén (London)

Lwce lién phan t& cla cac chat khéng phan cuc

hay khi tro?
i
t phong benzene "< 2~ Benzene %6
2 2 | [ et
0 dang long . s ©, 6

Lwc khuéch tan (con goi la luc London. Fritz
London la mét nha vét ly Dire, ngudi dau tién
khao sat lurc hut trén co so co lurong tur)

Lwec khuéch tan phat sinh do sw di chuyén nhat thoi
cua dién tich cua electron trong nguyén t&r hay phan
tr.




7-5. Lwe khuéch téin (London)

<Trong nguyén tt, dién tich cta electron phan bé mdt cach
ddng nhat quanh nhan va nguyén ti la khéng phan cwe, nhwng
trong mét khodng khac ngan nao do, sw phan bd khéng con
ddng nhat, khi 4y nguyén t& c6 mét lwéng cwe nhat thei, lwdng
cwe nay co thé gay anh hwéng dén cac nguyén tir ké can.

Electrostatic
attraction

Helium atom 1 Helium atom 2

Khi & xa nhau: 2 nguyén t&¢ He khéng anh hudng gi 1én nhau.

Khi gan nhau, lwéng cwc nhat thoi trén mdi nguyén té lam phat

sinh moét lwéng cwe trén nguyén t&r ké can — Két qua 1a mot

chuyén déng déng bd cuia cac e trong 2 nguyén tir, tao ra mét lwc
ut gitka chung. Qua trinh nay xay ra véi cac nguyén t lan can



7-5. Lwe khuéch tin (London)

O nhiét dd da thap, sw hut gitra cac lwéng cwe gilr
moi nguyén tr lai v&i nhau. Do dé, lwc khuéch tan
la Iwc lwdng cwe nhat thoi — lwdng cwe cam ng.

= Trong phan tw (Br,)
B— s g milii » g &+
@ © @ © ¢ @ e 6
(a) (b)

a. Phan bd ddng nhat b. Lwdng cwe nhat thdi — lwe hat




Lwe khuéch tan yéu nhwng ludn ludn hién dién gitra hai phan to bat
Ky, vi vay, trir tredng hop cac phan t& nho, phan ecwc c6 moment
lwdng cuc Ion hay cac phan t& c6 thé tao lién két hydro, lwc
khuéch tan 1a lwe lién phan tr c6 anh hwéng I&n nhat glwa
hai phan tr giéng nhau.

Cuwdng do cua lwc khuéch tan tuy thudc vao kha nang phan cwc cla
phan t&r, ma kha nang phan cwc lai tuy thuéc vao kich thwéc cua
phan t&. Do d6, mét cach tdng quét, lwc khuéch tan tang theo
s6 electron, diéu nay twong quan chat ché voi khéi lwong mol vi
phan t& co6 khdi lwong I16n s& gdm nhiéu nguyén tlr va/hay céac
nguyén t& I&n hon (ndng hon) va do dé co nhiéu electron hon.



500 - 458 200 7

400 ~ 333 150 -
300 239 254 100 - 87 838
200 - 16 39.95
85 7 50 A 2015
100 - 38 4 4
_é 0
He N

e Ar Kr Xe

F2 CI2 Br2 12

E2 Khéi lugng mol (g/mol)
E1 Khoi lu’dng mol (g/mol) B Piém soi (d6 K)
B Piém soi (40 K) '

Khi khéi lwong mol tadng (tinh t trén xudng dwdi
trong cing nhom 7 hay 8 cla bang tuan hoan) thi
lwc khuéch tan ciing tang, thé hién qua diém soi
cang cao.




Vé&i cac chat khéng phan cwe ¢é cung khoéi lwong mol

Cuwdng dd cla lwc khuéch tan cé thé chiu &nh hwédng clha hinh
dang phan t&: hinh dang nao cé thé lam cho hai phan t& tiép xic
nhau cang nhiéu sé& c6 cang nhiéu khu vwee ma dam may dién t& co
thé bi bién dang, sé sinh ra lwc hut cang lon.

n-Pentan, diém $6i:36.1°C Neopentan, diém s6i: 9.5°C

2 phan t& n -pentan tiép xuc vé&i nhau nhiéu hon

2 phan t& neopentan

— lwe khuéch tan tac dong & cang nhiéu diém
wl-pentan co diém séi cao hon neopentan. .



7-6. Lién két hydre

Lién két hydro 1a trwdng hop dac biét clia twong tac
lwdng cuc - lwdng cwe, gilka nguyén t& hydro trong
trong lién két phan cwc N-H, O-H, hay F-H va 1
nguyén t&r cé dé am dién manh O, N, hay F.

A—H--B hay A—H:A
A&BIlaN, O, hay F

' !
oy e b
H H H H H H



V& lién ket hydro (néu co) gitra hai phan i cda cac
chat sau:
a) C2H6 b) CH3OH C) CH3'CO'NH2 =

a) Trong CyHg: kKhong co hien ket hydro giiva hai phan ti
b) Trong CH;OH: H lien ket cong hoa tr1 vol O trong cung phan tir va tao lien
et lydro voi cap dien twr co lap tren O cua phan tir ke can

i
H—C—H H
| L1 |
H—OgH—0O—C—H
L 1 L L)

I
H

c) Trong CHz-CO-NH;: giita hai phan tir ¢o the co mot hay hai lien ket rydro
(giita H cua phan t nay vl N va O cua phan fir kia)

il il i
[ X} | || [ 1 ] 1] |
H— cl:*— C— rlq— H'1~|q — ﬁ— rlz— H H— r|:— ol 1|~:r— Homon b= r|:— r|:— H
[ 1 ]
H H H 1ot H H H H—Ilif: H
- H
|
I|{ . T g Pll
Y,
o C—C—H
L gl
H ']:ﬁ o H 16




V& lién két hydro (néu cd) gitra hai phan t cta
cac chat:

a) CH3-COOH

b) CH3-CH2-OH

¢) CH3-CO-CH3

H  aOMu. H— 8 H
| & |

a) H—C—C C—C—H
| \ 7 |

¢) Khéng c6




a

Y nghia clia lién kéthydre

< Lién két hydro anh hwéng manh trén diém soi
cua cac hidrua thubc cac nguyén té6 nhém 4-7.

DPiém s6i (46 C)

-100 -

-150 -

-200

150 ~

100 -

50 A

-50 ~

—e— Nhém 14 (4A)

—8— Nhém 15 (5A)

—4&— Nhom 16 (6A)

—*— Nhom 17 (7A)



“Tuy cuong do cla lién két hydro twong doi thap - (10-
40 kd/mol, ~ 5% nang lwong cua lién két don céng hoa tri)
nhung cwdng dd tong hop ctia nhiéu lién két hydro co thé

co gia tri lon.

Thymine

Acid deoxyrobonucleic (QNA), gom hai Chl’Jéi phan tl& quan vao
nhau thanh mot dang xoan dai. Céc lién ket hda tri manh két noi
cac nguyen tu trong moi chu0| va ha| chudi quan vao v&i nhau




do

*

DY
~n

Nang lwong cua cac luc lién phan ti

an cwong

ghi theo thr tw giam d

Mo hinh Luc hoit N_' h_“mg Thi du
: (k.J/mol) :
1}++=} . .
= Ion §+ﬁ+§ Cation - Anion 400-4000 NaCl
ff:'.% Cong = Nhan - Cap dién h
= I : e 50- .
=, | hoa fr1 @ ding chung 150-1100 H-H
= Heed Cati
U _ L LI Ly ‘ation - -
2 | Kim loai | eded Dicn tir bat dinh <t 75-1000 Fe
EI_:-]. @.[:_I_) = O
Pien tich ion - + H
foneLe | (b= Pién tich lc 40-600  |Na---30+¢
H
. Lién ket _i__g :g__ Lién ket phan cuc 1040 ‘IE}HJEE'}H
= lyydro vdl H- Pién tich lc H H
=
2 | Le-Le Pién tich lc -
— : =25 — e T—
5 @@ | piantich le 25 | 1-C---1-C
o [ Ion-Lc Pién tich 1on- - 2+
= ; . j 3- ————
H | cam ung S5 = Pién tich cim ung -1 Fe Og
Le-Le Pien tich lc -
___.@ : L i 1--=1("]—
cam ung = Pieén tich cam ung 10 B-C--d
Khuéch Pién tich cim ing- _
tan @-@x Dién tich cim ung 0.05-40 4 F—F---F—F

Lc: Luwdng cuc

16



Dy doén loai lyc lién phan tl chd yeu trong céc chat va chon chat
c6 diém s0i cao trong cac cap chat sau:

a) MgCl, va PCl, b) CH;NH, va CH,F

c) CH;OH va CH;CH,OH d) Hexan va ciclohexan

Cach lam:

= Xem xet cau truc dé xac dinh cac khac biét chd yéu gitra
hai chat trong ttrng cap.

= Xem N, O, F co lién két véi H khéng?

= Hai phan t& c6 khdi lwong va hinh dang khac nhau?

= Dé xép hang cac Iwc lién phan tor can tham khao bang ghi
nang lwong cac Iwc lién phan t& va nhé rang:

=L ure lién két (ndi phén t&) manh hon luc lién phén to.
=L ién két hydro Ia loai lvc lwdng cuc-ludng curc manh.

=Lwre khuéch tan gitr vai tro quyét dinh khi s khac nhau
chd yéu la vé khéi luong mol hay hinh dang phén to




a) MgCl, va PCl, b) CH3;NH, va CH3F
c) CH;OH va CH;CH,OH d) Hexan va ciclohexan

a MgCl,: lién két ion — lwc lién két ion MgCl, (1412°C)
PCl;: phan tL:J’ phan cwc — lwc Le-Le PCl; (76°C)

- MgCl, cé diém so6i cao ho:n PCl, CH4NH,, (-6.3°C):

b. CH;NH,: lwc Le-Lc, lién két hydro CH4F (-78.4°C)
CH;F: Il_J’C’LC-LC CH,OH (64.7°C)

— CH3NH, c6 diém so6i cao hon C'H3F C,H-OH (78.5°C)

c. CH;0H, CH;CH,OH: lién két hydro Hexan (69°C)

Mconson > MCHsOH’: Iu’Ac kth(.ach tan C,H;OH Ion hon ciclohexan (80.7°C)
- C,H:OH c6 diém sbi cao hon CH,0OH

d. Hexan va ciclohexan: khdng phan cwe, khéi lwong mol gan bang nhau
nhwng c6 hinh dang khac nhau

Hexan tao su tiép xuc lién

Y Y B, . phan t& it hon ciclohexan
Ak’ o~ “:.. — lwc khuéch tan nhd hon

— diém séi thap hon




a) MgCly gom Mg va CI lién ket véi nhau qua hwc lién ket ion.

PCl; gom cac phan tir phan ciwre, do do giita cac phan tir ¢d lwe ludng cwre-ludng
cire. Cac lwe trong MgCl, manh hon, vi vay MeCly co diém 6i cao hon diém =6i
cua PCls.

b} CH;NH; va CH5F deéu gom cac phan tir phan cire ¢6 khoi hrong mol gan bing
nhau, CH;NH, c6 cac lién ket N-H, vi vay lien Icét hydro co the dwoc tao ra.

H H

| |
HaC — M — Hew 1 — CHs

L R ] I

H

CH-F clnta lién két C-F nlhurng khong co lien ket H-F., vi vay lwc hrong cuce-
hrdng cue xay ra nhimg khong co lien lcét Irydro. Nlnr vay, CHsNH; co diem =6i
cao hon diém =6i cia CH;F.

¢} Phan tit CH;OH va CH;CH,OH déu co6 lién két O-H do d6 cé the tao lién lét
hydro kaen phan tir. Ngoai ra, CH;CH;OH co nhiéu hon CHzOH mot nhom —
CHs;- nén co khoi lwong mol 1én hon, twong ung vol hec Ihuéch tan manh hon;
nhw vay CH;CH;OH co diém =61 cao hon diém =6i cua CH;OH.

d) Hexan va ciclohexan deéu la cac phan tir khong phan cwe. ¢ khoi lwong mol
gan bing nhau, ninmg ¢é hinh dang khac nhau.

4

Phan tir hexane dang tru tao su tiép xuc lien phan tir it hon ciclohexan dang dia
do do ciclohexan cé hre khuéch tan 16n hon va diem #6i cao hon hexan.
Dit lién thare nghiém vé diém =di dé kiém tra c doan:
a) MeCl, (1412°C) va PCL (76°C)
b) CH;NH, (-6.3°C) va CH5F (-78.4°C)
¢) CH;OH (64.7°C) va CH;CH,OH (78.52C) 16
)y Hexan (692 va ciclohexan (80.7°CH




Dy doan tat ca céac loai luc lién phan tr c6 trong
cac chat va chon chat c6 diém séi cao trong cac
cap chat sau:

a) CH;Br va CH,F
c) C,H; va C;Hg

Giai:
a) Lwc luéng cwe-lwdng cwe, lwe khuéch tan: CH,Br

b) Lién két hydro, lwc lwéng cwe-ludng cuc, luc
khuéch tan: CH,CH,CH,OH

c) Lwec khuéch tan: C;Hg




Chaiat khi

- Khdng cb hinh dang va thé tich cd dinh, tuy thUéc Vao
binh chlra

- C6 mui hoac khong mui, khéng vi: khi NH; mui khai,
khi O, khong mui, khi Cl, mui soc, khi H,S mui tri’ng
thoi...

- C6 mau hodc khong mau: khi Br, mau nau, khi H,
khong mau...




- Cd kha nang khuéch tan cao, luc lién két lién phan tu
chu yéu la luc khuyéch tan.

- Chat khi dugc xac dinh bang bon thong s6 dinh lugng:
s& mol (khGi lugng), ap suét, nhiét dd va thé tich

- Hai trang thai: khi thuc va khi ly tuéng

- Khi ly tuéng: khong co su tueng tac gitra cac phan tu
va kich thudc phan ti xem nhu la rat nho, ludn nghiém
dung vdi cac dinh luat thuc nghiém.

A E)
5) . > o s O -~
20 %2, °? o [ E)
s & ® ® o 2 o © >
? ? 2 1 . 2 2 2 ?
? ) ™ ? o ? o %)
® o ° 21|l o o N
5 ) o o ) o 9 2 / ¢
@ o &) 20 - 5) P4
- 2 o 2 2 R o @
9 2 O 2 o ? 9 ? )
Ideal Real Ideal Real 17
| _. (@) (b) 0
BRRRRRRRRRRRRRRRR R T~ Ty



Dinh luat khi thwe - khi ly twong

1. Dinh luat Boyle (Ap dung cho trudng hdp déng nhiét)
- Thé tich khi ty I& nghich vGi ap suét. Tich s thé tich va
ap suat la mot hang so.

P x V = constant P,V, = P,V,
2. Dinh luat Charles (Ap dung cho trudng hgp dang ap)
- Thé tich khi ty 1& thudn vé&i nhiét do tuyét déi. Thuong

s gilia thé tich va nhiét do tuyét dgi la mot hang s6.

V/T = constant  V,/T, = V,/T,




3. Dinh luat Gay-Lussac (Ap dung cho trudng hgp déng tich)
- Ap suét khi ty 1& thudn vdi nhiét do tuyét doi. Thuong s
gira ap suat va nhiét do tuyét doi la mot hang so.

P/T = constant P,/T, = P,/T,

4. Dinh luat Avogadro (Ap dung cho trudng hgp dang ap va
dang nhiét)

- Thé tich khi ty 1& thudn véi s6 mol khi. Thuong s gitra thé
tich va s6 mol khi Ia mot hang so.

V/n = constant V,/n, = V,/n,




5. Pinh luat khi ly tudng
- Thé tich khi ty 1& thudn v3i s6 mol khi va nhiét do tuyét doi,
ty 1€ nghich vdi ap suat khi. e
0.082057 atm L mol " K

PV = nRT 0.083145 bar L K ' mol ™

~] -1
P,V,/n, T, = P,V,/n,T, 8.3145 kPa L’;K r_r1101 i
8.3145 Pam”’ mol " K

8.3145 ] mol ' K
6. HON hgp khi
- Tong s6 mol khi: ng,, = Ny + Ny + N3 + ...
- Ap sudt tong: Py, = P, + P, + P3 + ...
= n,RT/V + n,RT/V + n;RT/V + ...

Phan mol:  x;= ny/nyg,,




7. Phuadng trinh Van der Waals (phuadng trinh khi thuc)

(P + —) (V —nb) = nRT

Hang s van der Waals

Khi , , Hé sb nén
a (bar L* mol™) b (L mol™)

H» (0.2452 0.0265 1.006
He 0.0346 (0.0238 1.005
Ideal gas 0 0 l

N, 1.370 0.0387 0.998
CO 1.472 0.0395 0.997
o)) 1.382 0.0319 0.994
CHy4 2.303 0.0431 0.983
NEF, 3.58 0.0545 0.965
CO» 3.658 0.0429 0.950
N,O 3.852 0.0444 0.945
C,H; 5.580 0.0651 0.922
NH; 4.225 0.0371 ().887
SFg 5.580 0.0651 (0.880
CsHj 9.39 0.0905 a

50, 7.857 0.0879 a



Tinh chét clia chatiéng

» DG nhoét (viscosity) n 5
La tinh chéat cac I&p chat 16ng can lai chuyén dong cla
chung déi voi nhau.

Lirc lién phan t cang I&n, d6 nhét cang tang.

, ‘: I quids at 20°C
1

Viscosity
' (N s/m?)*
Calibraton
marks 3.16 X 1074
6.25 X 1074
4x103
9.69 X 1074
1.20 X 1073
233 % 1074
1.49
155 X 1073

Motor oil  Nh&t ké Ostwald 101 X 107

ter



Tinh ch

174
A

el

t clia chét léng

a Strc cang bé mét (surface tension) o:




Tinh chét clia chét long

0 Strc cang bé mat (surface tension) 6:

dv thé tich.

Lwc lién phan ti cang 1on,
strc cang bé mat cang tang.


file:///F:/../../../../Hoa tin/Desktop/VL06/Movies/07_Surface_Tension.mov

Tinh chat cia chat léng

a Hién twong mao dan (capillary action):

Chat 16ng tiép xuc v&i chat ran khéng tan:
" Lue hat gicra cac phan ftr cung loai
(Iong-Iong)= Iurc c6 két (cohesion)
= Lwe hat gitra phén tir khac nhau
(ran-long) = Iwc bam dinh (adhesion)
* Nwére tiép xutc véi thay tinh
— Nwée lam wét thay tinh (mat thoang 16m)
do lwc bam dinh > Iwc c6 két
* Thiy ngan tiép xutc véi thay tinh
— Hg khéng lam wét thay tinh (mét thoang 16i)
do Iwrc bam dinh < Iwc c6 két




Tinh chat cia chat léng

Hién twong mao dan (capillary action):

rET T

\ \ /

Dura vao chiéu cao cdt chat I6ng dang Ién,

tinh duoc stre cdng ciia bé mat chat Iéng.
:



3-D
Structure

Maximum DenS|ty
40C

Ty trong cua nwoc

1.00 -

E 0.99 —
)
2 V increasing
e
3
0.98 —
0.97 ! ' ' ! -
-20 0 20 40 60 80 ,

Temperature (°C) 11. 3



Chic ram

Chat ran tinh thé va chat ran vo dinh hinh




Chaiat ran

< Chat ran tinh thé (crystalline solid)

- CoO kha nang tw két tinh thanh cac hat nhiéu mat, canh ..
» Phan t&r, nguyén t& hay ion phan bo 1 cach tuan hoan theo
qui luat nhat dinh, tao mang lw¢&i khéng gian déu.

- DPon vi ciu tric nhé nhat dwoc goi & mang co sé (unit cell)

» C6 nhiing tinh chat vat ly khong giong nhau theo nhirng
hwdng khac nhau (bat dang hwéng vé tinh chat).




Chaiat ran

< Chat ran vé dinh hinh (amorphous solid)

- Khéng tw két tinh thanh tinh thé c6 hinh dang xac dinh.
- C4c cau tlr sap xép hén don

> Tinh chat vat ly c6 tinh dang hwéng

Crystalline SiO, Amorphous SiO,
(Quartz) (Glass)




Mang lwéi tinh thé va 6 mang ¢osé

Mét & mang co s& (unit cell) I1a don vi cau tric
nhé nhét cta chat ran tinh thé .

‘Nguyén tlr
*Phan tw

~ Nut mang

°lon

O mang co sé Mang tinh thé 3 chiéu



Céc dang mang lwdi tinh the

Tinh theé mang ion

Nut mang bi chiém luan phién b&i cac cation va anion.
Lién két nhau bang Iwc hat tinh dién (Iwc ion-ion)
Clrng, dé v&, nhiét ndng chay cao

Dan nhiét va dién kém

Dan dién khi ndu chay (ion chuyén déng tw do)




Born — Lande (1918)

- 2 + o
AN 777 e 1 YAVA
U=- : + _ (1__):_k + _
dre (r' +r7) 7 4y
A 1a hang s6 Madelung, dac trwng cho kiéu mang tinh thé ion
N, 1a s6 Avogadro (6.022 x 10™*° mol™)
e la dién tich nguyén t6 (1.602 x 107'° C)
€0 1a hang sé dién méi trong chan khéng (8.8543 x 1072 C*°m™'J™)

Z", Z " 1a gia tri dién tich ion dwong vaion am, vi du, NaClc6 Z" = Z~

r’. r~ 1a ban kinh cation va anion

n 1a hang s6 dac trwng cho cau hinh ion
S ——



Nang lwong mang tinh thé ion

MX (tinh thé ion ) -»M*(khi) + X (khi). AH=U,
Cong thirc Kapustinski (1956)

~ z||Z.[]nA
M r+r, B

Khi Ik c6 phan cdng héa tri twong doi
I&n thi céng thire nay khdng con
chinh xac.

.




- Khi kim loai tao dugc nhiéu hgp chat khac nhau vGi
cung mot anion, hgp chat trong do6 cation kim loai
co dién tich du’dng cang cao, cang mang nhiéu tinh
cong hoa tri.

- Khi sy’ bién dang ion xay ra cang manh, tinh cong
hoa tri cua hgp chat ion cang tang, tu’dng tac ion
trong mang tinh thé giam, lam nhlet ddo nong chay
cua hgp chat giam.

Vi du: KCI, NaCl va AgCl

NaCl > KCl > AgCl




Cac yéu to anh hudng dén su bién dang ion la:
- Mat do dién tich g/r cua cation: mat dq dién tich
duang cua cation cang I6n, cation cang dé gay bién
dang anion, tinh cong hda tri cua hgp chat cang
cao. Mat cTo dién tich cua cation cao khi cation co s6

oxi hda cao,

han

cua nguyen t0,d), thong thuGng su bién dang ion

xay ra dang
Ién.

& K

hi cac cation ¢cO sO oxi hoa +3 trd

- Cau hinh elgctron cua cation: cation co6 cau_hinh
18 electron dé bi bién dang ion nhat, ké dén la cac
cation c6 cau hinh phan I6p d chua day du electron,
cac cation co 8 electron & IGp vo ngoal cung bj bién
dang ion yéu nhat.

ich thuGc_anion: anion co kich thuGc cang I6n

.,;;g . S en da ng
‘ \

Kinh nho (thudng gap @ cac cation



Nang lwo'ng mang tinh thé

D6 bén mang tinh thé
Kha nang hoa tan
Nhiét do soi
Nhiét dé néng chay




So sanh nhiét dd néng chay NaCl va MgO

MgO T, .=2852°C Mgzt O%
NaCl T,.=800°C Na* ClI-
T,.~UmauU-~27Z.7,.U~1/r+r,

U (MgO) ~ 4 U(NaCl) nén T, .(MgO) = 3.6 T, (NaCl)

Attractive force Attractive force

I

AN 4 . J
Y 24
276 pm 205 pm
Copyright © 2005 Pearson Prentice Hall, Inc.



D6 bén nhiét
Sw phan cwc ion? —>7tinh cht? — tinh ion| — doé
bén nhiét cua tinh thé ion |— Tnc, Tply|

Chit LiF LiCl LiBr Ll
The °C 848 607 550 469
Chat MgCO, | CaCO; | SrCO, | BaCO,
The °C 600 897 1100 1400




Do tan  AH,, 0= AH,y +AH,=U+E,

v'Nang lwong mang tinh thé U cang Ién — dé tan |
v'Kha nang phan cwec nwéc cua cation (~ g+/r*) tang
— lwe hut tinh dién gitra cation va lwéong cwe nwéc 1
— E,, cang am— do tan 1
Muoi CaSO, | SrSO, | BaSO,

Do tan 8.10-3 5.10-4 1.107

U (kJ/mol) 2347 | 2339 | 2262

-1703 -1598 -1444




T, 845°C 605°C 550°C 449°C-
LiF  LiCl  LiBr  Lil f
. = A W
Tinh cdng héa tri ting dan .
D6 tan trong nwéc giam dan

Do tan trong etanol ting dan

.



Dién tich béan kinh

NaCl 1+ 0.095nm
MgCil, 2+ 0.065nm
AlICI; 3+  0.050nm
SiCl, 4+ 0.041nm

GREATER POSITIVE
CHARGE DENSITY

.

T..[°C] Do tan

|

808
714
180
-70

Tan

Tan _
Thuy phan
Thuy phéan

Lién ket

ion
ion
chtri
chtri



_ICI
_IBr
il

(e

lg-
rl-

167
182
206

om
0om

om

T.. 613°C
T . 547°C.
T, . 446°C



Ca?t 3s?3p°
Hg2* 5s25p65d10

r(Ca?*)= 114 pm; r(Hg?*) = 116 pm

T.. (HgCl,)=276°C < T, (CaCl,)=782°C

.



Crystalline Solids: The Fundamental
Types

f Crystalline soﬂdsj

(
Composite units
are formula units
(cations and anions)

Variable melting
points

Ice
Table salt

Quaz
(silicon dioxide)

Solid xenon



Tinh thé mang cong hoa tri
*Nut mang la nhirng nguyén t
-Lién két nhau bang lwc lién két cdng hoa tri
-Clrng, nhiét nébng chay cao
-Dan dién va nhiét kém




Tinh the mang phan tir

Nut mang chiém béi phan tlr

Lién két nhau bang Iwc hut lién phan to
mém, nhiét ndng chay thap

Dan dién va nhiét kém

Nudc dala 1 vidu
dién hinh cla tinh
thé mang phan t.



Tinh the mang kim loai

* Nut mang la nhirng nguyén ter kim 10ai

- Lién két nhau bang noi kim loai

- déo dén cirng, nhiét ndng chay tw thap dén cao
- Dan dién va nhiét tot

lon dwong bao _________ ,
boobdi dammay (@ @ @ @
electron tw do. ,




Pha Sy chuyénpha

A
Gas
|
i | ]
/
Rl ,...
~ — 2
E Liquid =
E A O)
’ '_ g .%
‘Pha ran: da g g
‘Pha 16ng: nuwoc LLr
H,O (s) — H,0 () =




Sw chuyén pha

H,0 (s) — H,O () A ’
Gas

A A

Liquid ’

Piém nodng chay cla chat
ran hay diém déng dac cla
chat 18ng 1a nhiét d6 ma tai
do6 pha ran va 1dng cung ton
tai trong 1 can bang.

Temperature

Melting
_Freezing




Nhiét néng chay (DH, ) la nhiét can thiét |am
tan chay 1 mole chat ran.

@

: Molar Heats of Fusion for Selected Substances

H Substance Melting Point* (°C)  AH:,s (kJ/mol)

11

g | Argon (Ar) —190 1.3

| Benzene (C¢He) 51 10.9
Ethanol (C,H;OH) -117.3 7.61
Diethyl ether (C,HsOC,Hs) -116.2 6.90
Mercury (Hg) -39 23.4
Methane (CH,) —183 0.84
Water (H,0) 0 6.01

* Measured at | atm.




Heating Curve

Vapor
g Boiling point
5 C D
é- Liquid and vapor
0 Melting point in equilibrium
Solid and liquid / Ltquid
in equilibrium
A B
Solid
Time



Gian d© pha

Gian do6 pha: cho biét diéu kién (t, p) ma tai d6 mot

chat co thé ton tai & pha ran, 1dng hay khi

Melting

Freezing
Solid

Vaporization

FPressure

Condensation

Gas

Sublimation Triple point

Deposition

Critical
B point

Temperature



