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Intermolecular forces or Intermolecular interaction
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Covalent radii & Crystal radii

G.L. Miessler, D.A. Tarr, Inorganic Chemistry, 3™ edition

Elements Covalent radii (pm) Crystal radii (pm)

L1 123 90

Na 154 116

K 203 152

F 71 119

Cl 99 167

Br 114 182
Ton Protons Electrons Radius (pm)
Ti*" 22 20 100
Ti* 22 19 81
Ti* 22 18 75
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M1313 ANNENINUEZ (pm)

143 pim
N-N 146 C-N 147 C-C 154 C-O 143 0-0 148 — o
N=N 125 C=N 130 C=C 134 C=0 122 0=0 121 = ®
N=N 110 C=N 116 C=C 120 Fa
H-H 74 C-H 108 N-H 101 O-H 97
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F-F 142 C-F 138 H-F 92 - — ——
cl-cl 199 c-cl 177  H-Cl 128 s
Br-Br 228 C-Br 194 H-Br 141
Cly
I-1 267 C-1 214 H-I 160
. "y o a - . 22Bpm _
PBUAUDI WARAIITHNHDS LA L ANHNETINUDE =3
NWDOZ (kJ/mol) (pm) . .
0-0 146 148 '
3 bond energy e
0=0 498 121 A
C-C 348 154 B
C=C 614 134
C=C 839 120 -
= 16

bond length
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Cl—Cl 239 O—H 463 C—0 335
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I—I 149 C—H 413 C=0 1,070 H
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w5 1un msdsuntaandinunimue (AH) vesl§nsesauiv dail
NH,—NH,(g) —>  2N(g)+4H(®  AH=1,724 kI mol’

NH,(g) —> N(g) + 3H(g) AH = 1,172 kJ mol”!

" E(N—H) = 1,172 + 3 =391 kJ mol’’
134 NH,—NH, Ina911iussmny EN—N) + 4E(N—H) = 1,724 kJ mol

IUY WAINUNUTE N—N = 1,724 — 4(391) kJ mol™

=160 kJ mol™
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2. Valence Shell Electron Pair Repulsion Theory, VSEPR
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lone-pair vs. lone pair
repulsion

>

lone-pair vs. bonding
pair repulsion

bonding-pair vs. bonding
pair repulsion
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Molecular shape by VSEPR model

Coordination | VSERP Molecular shape Example
number model

2 AB, Linear CO,, BeCl,
ABE Bent (V-shape) SO,, SnCl,
AB.E, Bent (V-shape) H,0, SCl,
ABLE, Linear XeF,

3 AB, Trigonal planar BF,
ABLE Trigonal pyramidal NH,
ABLE, T-shape CIF,, BrF,

4 AB, Tetrahedral CH,, SiCl,
AB,E Distorted tetrahedral (see saw) SF,
AB,E, Square planar XeF,

5 AB, Trigonal bipyramidal PF,, PCl,, SbF,
AB(E Square pyramidal IF,, BrF,, CIF,

6 AB Octahedral SF 32

6
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Bond Spatial Electron pair Lone pair substitutions

angles geometry geometry

180 JF—P—F o
Linear (sp)

120° Q—{ ﬂg

Trigonal planar (sp?)

109.5°

\

Tetrahedral (sp?) Trigonal Bent
pyramidal

Trigonal bipyramidal (dsp®) “Sawhorse” T-shaped Linear

90°

33
Saind . :
Octahedral (d*“sp~) Square Square T-shaped Linear http://liakatas.org/chemblog/?2p=356
pyramidal planar



3. Valence Bond Theory (VBT) and Hybridization

oY) 1

< 1 JdAa A o 1 . .
Lﬂuﬂ'ﬁwﬁiﬁgﬁ'ﬂﬂ@@ﬁﬂ AR NBUANU LBU s orbital LA p orbital ll?’%}'ﬂ'ﬂ

hybrid orbital
ATTUIUMTASS hybrid orbital (580 hybridization

2p T
2s1T 1 25| T
12T} 15(Td
Be abom in ground stake Be abam in excited stake
atomic orbitals hybrid orbitals
2p
\-
\, .f,f;

lviy isen
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sp> hybridization lawn CH,

1

ground state

— excited state
25 2p

’ + 4 e nlalasiau 4 9znol

o 4 4 rybrid sate

3 \l a A o
Sp” tgUINBBIUNG

}sp3 orbital (O)
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sp’ hybridization 1auf BF,

sp> (1TT+10)

Fig. 19: bond hybridization in ethylene
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d’sp’ and sp’d” hybridization of [Co(NH,) 6]3’+

27Co electron configuration = [Ar] 4s% 34’

Co’" = [Ar] 3d°

“/ 1] ] 1 _ ground state
3d° l 4s" 4p°
/H/ /H/ /H/ L excited state
3d 4s ap
16NH3
ﬂ/ 1|/ 1l /H/ “/ 1_|/ ! 1|/ /“/ d*sp® (octahedral)
3d 4s ap
\ ]
I
d?sp>
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dsp” and sp’d hybridization of [Ni(CN) 4]2_

8Ni electron configuration = [Ar] 4s* 3d°

Ni*" =[Ar] 3d°

L1117

3d® l 4s" 4p°
L1 B
3d as 4p
Jacr
T 10 L1 _
3d ‘ ds 4dp 4p
dsfp2

ground state

excited state

dsp? (square planar)
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Some hybridization schemes

Coordination number | Arrangement Composition

2 Linear sp, pd, sd
Angular sd

3 Trigonal planar sp”, pd
Trigonal pyramidal pd

4 Tetrahedral sp, sd’
Square planar p°d?%, sp’d

5 Trigonal bipyramidal sp>d, spd’
Tetragonal pyramidal sp2d?, sd*, pd*, p’d?

6 Octahedral sp d?
Trigonal prismatic spd”, pd®
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Molecular Orbital Theory (MOT)
Flumss atomic orbital (AO) Flun Linear combination of atomic orbital (LCAO)

] 9y Y
91U molecular orbital (MO) MAAVU 1N1AD 31UIU atomic orbital (AO) MINUATIUNU

OO =D

AQO AO LCAO MO MO build up of
clectron density

off Badol

node Zero
LCAO MO electron density

AQO A0

http://www.meta-synthesis.com/webbook/39 diatomics/diatomics.html 41



- constructive (O S) —— bonding
N13TINVD s orbital

- destructive (O S*) —— antibonding

OOODOOiDOOOOOODO

N1540A G bond Sp"-s
A
H H, H
antibonding
o*18
Y -
-7 . T _[iﬂd&

ols

bonding MO

enengy
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http://upload.wikimedia.org/wikipedia/commons/0/0f/Sigma-bonds-2D.svg
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C = 1s* 25* 2p°

C =1s* 25* 2p°
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O = 1s* 2s* 2p*

O = 1s* 2s* 2p*

D — —

> LUMO

gl

L —— 28

AO
(O)

> HOMO
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Bond order = number of electrons in bonding MO—number of electrons in antibonding MO

2

Bond order of C,=6-2=2
2

Bond order of O,=84=2
2

a7



Exercise

1. 1A 1n39a319 Lewis: O, Al Na, I, Xe 51902 lalinuiadosuazuond1uiu valence

electron
2. 521 Tuanaae 1T ionic ¥30 covalent: a) CO,, b) NaCl, ¢) FeCl,, d) CCl,,
e) AlSO,

Y
- - . .. :
3. 3zmﬂmaf;am”lﬂﬁzﬂu ionic, covalent W30 polar covalent: H, CH,, LiF, H,O. liaig
A . : Y
13831 boiling points 10110 Tviies.

~ <3 1 ~ < ' ~
4. m31szneu AB, laensig A Wusiany 8 MUA 5 uaz 519 B 1Jusigny 7 au 2

o

= Y Y . .
VEUFAT InT9a519]ae 1% VSEPR theory 1A832131149U coordination number VY03

q
Y

519 A (1AZ1UIU lone pair electron Yo3e15U52no Ul

5. AA Molecular orbital diagram U834 CO (18 ¥191UIU bond order
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