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Chapter 08: ADVANCED THEORIES OF COVALENT BONDING
Valence Bond Theory [8.1]
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Representative Bond Energies and Lengths
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Bond Length (pm)  Energy (kJ/mol) Bond Length (pm)  Energy (kJ/mol) ) 10
I
H-H 74 436 c-0 140.1 358 0 74
H-C 106.8 413 c=0 119.7 745 Internuclear distance (pm)
(H—H bond length)
H-N 1015 391 c=0 1137 1072
H-O 975 467 H-Cl 1275 431
c-C 150.6 347 H-Br 1414 366
C=C 1335 614 H- 160.9 298
c=C 1208 839 00 148 146
C-N 1421 305 0=0 120.8 498
C=N 130.0 615 F—F 141.2 159
C=N 116.1 891 CHCI 198.8 243

Table 8.1



Sigma and Pi bonds
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Hybrid Atomic Orbitals [8.2]
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sp2 Hybridization
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sp3d and sp3d2 Hybridization
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Multiple Bonds [8.3]
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Molecular Orbital Theory [8.4] (P4 / 4243
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Comparison of Bonding Theories

Valence Bond Theory Molecular Orbital Theory

iders bonds as localized b one pair of at considers electrons delocalized throughout the

entire molecule
creates bonds from overlap of atomic orbitals (s, p, d...) combines atomic orbitals to form molecular
and hybrid orbitals (sp, sp?, sp®...) orbitals (o, 0%, T, ™)
creates bonding and antibonding interactions
A N . K based on which orbitals are filled

predicts molecular shape based on the number of regions

of electron density predicts the arrangement of electrons in molecules

needs multiple structures to describe resonance

Table 8.2
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Bondne (&) vs ArTiDorone (o)
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Figure 8.28 (a) When in-phase waves combine, constructive interference
produces a wave with greater amplitude. (b) When out-of-phase waves
combine, destructive interference produces a wave with less (or no) amplitude.
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Molecular Orbital Energy Diagrams

Figure 8.34 This is the molecular orbital
diagram for the homonuclear diatomic
Be2+ , showing the molecular orbitals
of the valence shell only.

The molecular orbitals are filled in
the same manner as atomic orbitals,
using the Aufbau principle and Hund’s
rule.

Atomic orbitals

P

——"

-~

AN

Molecular orbitals
PN
2705,

oy 2p,

oy T

g, T~

e -7

Atomic orbitals

2p



Bond Order
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Bonding in Diatomic Molecules
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The Diatomic Molecules of the Second Period
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Figure 8.38 Without mixing, the MO
pattern occurs as expected, with the &
p orbital lower in energy than the o p
orbitals. When s-p mixing occurs, the
orbitals shift as shown, with the o p
orbital higher in energy than the 1t p
orbitals.

Electron Configuration and Bond Order for Molecular Orbitals in Homonuclear Di
of Period Two
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Molecule Electron Configuration Bond Order L

Li; (629° T -L

Be; (unstable) (02,7 (c4,)° 0
B2 (02)7(04,)* (Rapy R2p)* 1 b-s
[ (02)%(03,)2 (Rapys Rop)* 2 c=c:
N, (6207 (63)2 (Rapys R2p)* (©27)” 3 NN
0, (62)7(6%,)2 (02)* oy W) (a0 78,)° 2 - N
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