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5.1 Formationw of Moleculawr Orbitalsy (MO’s)
fromAtomic Orbitaly (AO’s)

Y =c¥Y, + ¢,

¥ = moleculow wave function
¥, and ¥, = atomic wawe functions
c, andrc, = adjustable coefficienty
for H,
H, + Hy W(c) = N[c,P(Is,) + ¢, P(Is,)] = IN2 [P(1s,) + ¥(Is,)]

Hy-Hy  W(ox) = N[c,P(ls,) — ¢, P(Is,)] = IN2 [¥(1s,) — ¥(Is,)]
ca=¢ =1andN-=1//2forcandc*

Approwmtww’ Remember, an anti-bonding MO
s more anti-bonding then a bonding is bonding
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...there cauv be non-bonding orbitals as well!



5. Molecudar Orbitaly
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...dow't forget about § and §* orbitals!
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5.1.2 MO’s fromvp-Orbitals
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FIGURE 5-2 Interaction: rbitals. (a) Formation of molecular orbitals. (b) Orbitals that do
ot form molecular orbitals. I m.
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5.1.3 MO’s fromv d-Orbitals
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FIGURE 5-3 Inteructions of & Orbitals. (a) Formation of molecular orbitals. (b) Orbitals that do
not form molecular orbitals.



5.2 Homorwclear Diatomic
Molecules
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5.2 Homorucleaw Diatomic
Molecules

o A ate
o Hund’s Rule
o Pauli’s Principle:

B, iy paramagnetic!
BO = 1, no-s-bond!

C2 iy diamagnetic

BO = 2, two-n -bonds

RNEY 2, 2
o = F C—C Distance (pm)

C==C (gas phase) 132
H—C=C—H 120.5

CaCs 119.1




Internuclear

Bond Order Distance (pm)
0, (dioxygenyl)’ 25 1123
0, (dioxygen)® 2.0 120.07
0, (superoxide)” 1.5 128
0,7 (peroxide)® 1.0 149

Energy

. . P
Note: Oxygen-oxygen distances in O, and O, are influenced by the
. R . : . C 2 .
cation. This influence is especially strong in the case of O,~ and is one
factor in its unusually long bond distance.
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Etnergy of all orbitalsy
decreases as increaseds
nuclear charge attracty
the electrons move strongly

Effect is lar
for s-orbituls!
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Bond Distoances & Orders, Atomic Number & Radii

5.2 Homorucleaw Diatomic
Molecules
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5.2 Homorwclear Diatomic
Molecules
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5.2 Homovrucleawr Diatomic

A Correlation Diagram
for Diatomic Molecules




5.3 Heteronuclear Diatomic
@*ﬁ Molecules
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Diagram of Cy, symmetry of p orbitals

¢ greater nucleaw charge;
w lower energy A0’y
move contracted ovbitals

5.3 Ionic Compounds
& Molecudar Orbitals
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5.4 Moleculdawr Orbitals
for Larger Molecules

5.4.2 Carbon Dioxide’sy Molecudaw Orbital Diagrawm
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5.4 Moleculdow Orbituls
for Larger Molecules

5.4.2 Carbon Dioxide’s Moleculaw Orbital Diagroun
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5.4 Moleculdawr Orbitals
for Larger Molecules
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5.4 Moleculdawr Orbitals
for Larger Molecules
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H,0

5.4 Molecular Orbitals
for Larger Molecules

et voila... CO,
MO Diagrom

21 -bonds
0=C=0
26 -bonds
0 %2 8. 5.4 Molecular Orbitalsy
o = for Larger Molecules
o & Ae
e e:g. Water
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5.4 Molecular Orbitals
for Larger Molecules

AN ¢ ‘ erg. Anunmoniav

D HOMO
NIV
le / O % %

5.4 Moleculaw Shapes
&v Hylwl:d/ O’/’b{t'au Geometry Atomic orbitals used Hybrid orbitals

Linear s O } GO

Combination of Atomic Orbitals rigonsl
to-form Hybrid Orbitals

Old but very useful concept!
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localiged in space

Try this for NH;, H,0, and CO, 0

5080 280 280 o0 8

Three sp® hybrid orbitals

%oo Sscolilles
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