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Properties of Waves —> " Evensy &1 a location
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wave addition

4) There is just as much energy at the top (+) amplitude of a wave as there
is as the bottom (-) amplitude of a wave.
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Ethane

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave
functions:

Whis + Whis + Whis + Whis + Whis + Pais + Weis + Weos + Weopx

+ IIJC2py + IIJC2pz + IIJCls + lIIC2S + IPCZPX + lpC2py + lI!C2pz

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first,
then look for overlap with remaining orbital wave functions:

Whis + Phis + Pais + Yais + Yais + Wais + Wers + @czs + IIICsz_1
+Weopy + IIJCzpz»+ Wers + (Poos + Weopx J:s Weopy + Peops) s?
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(Ethylene)

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave
- functions: g
functions:

Whis + Whis + Whis + Wais + Weis + Weos + Weopx + Weopy + Weops

+ Weis + Weos + Weopx + Weopy + Weops

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first,
then look for overlap with remaining orbital wave functions:

Whis + Whis + Whis + Wi + Wers + (Weos + Wegpy + Weapy) %
+ Weis + (Weos + Weops + Peopy) £ Weps S




Hc=cH & —

Ethyne
(Acetylene)

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave
functions:

lI”Hls + lI”Hls + lIJCls + lIJC2s + lIJC2px + \PCZpy + lIJC2pz + lpCls
+ Weos + Weopx + Weopy + Weop,

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first,

then look for overlap with remwmnctions:
Wi + Whis + Weors + (Weps + ‘Pcsz) +@ Weop) + Peis
+ (Weos + Weopy) @
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Ethane

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave
functions:

Whis + Whis + Whis + Whis + Whis + Pais + Weis + Weos + Weopx

+ IIJC2py + lIJC2pz + IIJCls + lIIC2S + lPCpr + lpC2py + lI!C2pz

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first,
then look for overlap with remaining orbital wave functions:

Whis + Phis + Pais + Yais + Yais + Wais + Wers + @czs + IIICsz_1
+Weopy + IIJCzpz»+ Wers + (Poos + Weopx J:s Weopy + Peops) s?
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Energy

@
~ e A
{0 ge) @ A common situation, and the one many resonance contributing
” /')-“ structures describe, occurs when three 2p orbitals combine on
/?/\‘/e - P {, / adjacent atoms. A good example is the carboxylate anion. When
H O: N H o three adjacent 2p orbitals interact (we add the three 2p orbital
U ) wave functions Wc2pz + Wo2pz + Wo2pz ), three new molecular
Y orbitals are produced; a low energy bonding “pi-way”, a non-
o 050 bonding orbital and an antibonding orbital as shown below. This
|E E;g;’iréance pattern of three molecular orbitals is generally the same
H/C‘\b_ 056 whenever three 2p orbitals interact even if there are different

Carboxylate anion

atoms involved, for example the enolate ion or allyl cation. There
are four electrons in the pi system of the carboxylate anion, (you

can see this by looking at either of the contributing structures; two electrons from the pi bond and two
from the third lone pair on the negatively charge O atom). Note the non-bonding orbital contains the
electron density of two electrons that are paired, do NOT think of it as having one upaired electron on
each O atom. | know, weird, but remember it is best to think of bonding electrons as waves, not
particles. Note the electron density on only the O atoms of the non-bonding orbital explains why the
negative charge is localized on the O atoms in the carboxylate anion.

Wc2pz + WOo2pz

Computed

| &3

9.9
e oe

+ Wo2pz S
Carboxylate anion

Resonance
hybrid

3.
¢ d

Antibonding orbital

g
¢

Non-bonding
orbital

e
\
e Oy

. “m-way” orbital
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Carboxylate anion

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave

functions:

Whis + Weis + Weos + Weopk + Weopy + Weop, + Wois + Woos +
Woopx + Woopy + Woopt Wors + Woos + Woopx + Woopy + Yooy,

Valence Bond Theory approach
then look for overlap wi nin

"\

nding: Hybridize the atomic orbitals on atoms&ﬂ%
rbital wave functions:

Whis + Weis + (Weoos + Weoopx + Weopy) + Weop, + Wors + (Woos +
Woopx ¥ Worpy) + Worpt Pous + (Woos + Woopx + Woopy) + Yooy,

Sigma (o) bonding - overlap
of hybridized orbitals

Q2
o

Cog-Osp”

==
m-way bonding - ovg'f% of 3 adjacent unhybridized 2p
orbitals
O II’C2pz + IIIO2pZ + ‘P02pz

Antibonding
0\%
O
% Non-bonding
- (2)
O,
% Bonding
=N

H

Q
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Enolate anion |,

Molecular Orbital Theory approach to bonding: Just add the individual orbital wave
functions:

LIJHIS + ‘IJHIS + IIJHls + lPCls + IIJC2s + lIJC2px + IPC2py + IIJC2pz + IIJCls +
Weos + Weopx + Weopy + Weop, Wois + Woos + Woopx + Woopy + oo,

Valence Bond Theory approach to bonding: Hybridize the atomic orbitals on atoms first,
then look for overlap with remaining orbital wave functions:

Wi + Whis + Whis + Wers + (Weos + Weops + Weopy) + Weop, + Wers +
(qJCZS + IIICZpX + IIIC2py) + lpC2pz+ IIIOls + (‘POZS + IIJOZpX + lIJ02py) +
IIIO2pz wa . : L
; , -way bonding - overlap of 3 adjacent unhybridized 2p
Sigma (o) bonding - overlap orbitals
of hybridized orbitals IPCZpZ + IPCZpZ + IPOsz
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5. Delocalization of charge over a larger area is stabilizing. The majority of I ' ~ g
molecules you will encounter will be neutral, but some carry negative or positive \

charges because they contain an imbalance in their total number of electrons and (N )\_
protons. In general, charges are destabilizing (higher Gibbs free energy), increasing p(‘*c‘ﬂ

the reactivity of the molecules that possess them. Localized charges are the most

destabilizing (highest Gibbs free energy). Delocalizing the charge over a larger area ~ M?

through interactions such as resonance, inductive effects, and hyperconjugation is \

stabilizing (lowering the Gibbs free energy). In addition, it is more stabilizing to have

more negative charge on a more electronegative atom (e.g. O), and more positive

charge on a less electronegative atom (e.g. C). ‘(_ e &Sm

7. Delocalization of pi electron density over a larger area is stabilizing, Pi l ’ ~ g
electron density delocalization occurs through overlapping 2p orbitals, so to take part (\ \

in pi electron density delocalization atoms must be sp2 or sp hybridized and reside in )\—
the same plane. Pi electron delocalization can involve even large numbers of such M (oA
atoms. Pi electron density cannot delocalize onto or through sp3 hybridized atoms ~

because an sp3 atom has no 2p orbital. Aromaticity is a special type of pi electron \ M?

density delocalization involving rings and a specific number of pi electrons, and is the

most stabilizing form of pi electron density delocalization.
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