



































































































 Recap from last lecture
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Molecular dipole moments
are the vector sum of

bond dipoles

For different contributing structures

1 Only electrons move NEVER atoms

2 We can use arrows to indicate movement

ofekctr.ms

Arrowsmust start on a bond on _p
and point to an atom are

never
O used to

e ix more atoms
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cont to the






































































































The curious case of aside

contributing structures All

three are important

9

Why are B and C
worth considering

Time

L

1 Golden Rules of Chemistry
5and
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Electrons are so incredibly
small that they have some

properties of particles and
some properties of waves

For organic chemistry we focus
on the wave properties

of electrons

Electrons are three dimensional
waves






































































































Properties of waves

1 Quantized energies gth.fi stfings

I

y s
in item

3 Waves add constructively and
destructively

peaks
and fifth H

troughs
add

in phase Eistratiation

NiMHpeaksand
troughscancel

Destructive
out of phase wave addition






































































































4 There is just as much
energy at

the top t amplitude of a wave

as at the bottom amplitude of
a wave

At

5 If you add X wave equations you

get new wave equations as

thesautow
Basis of molecular orbital theory

6 Around atoms the location of
electron density is described

by the Schrodinger equation

Awarequatonthatdescribe
energy

and location



Solutions to the Schrodinger equation – atomic orbitals 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

     Y1s                    Y2s                                Y2px                Y2py       Y2pz 
 

 
 

    






































































































é density 3d wave

Different colors represent the sign of the
wave function t or

We plot the square
of the wave

function X2 and refer to this as an

orbital






































































































simply add all of the atomic orbital
wave functions in the molecule

orbitals as there are component

i

orbitals being added
2 Each molecular orbital extends

over the ENTIRE molecule

3 Each new molecular orbital

desity equal to 2 electrons

explain Y bonds but it

only works for computers to

explain 6 bonds humans

needed another approach
Before we get to Valence
Bond Theory let's review

6 bonds and it bonds






































































































6 bonds cylindrical symmetry
rotate freely

00
H H G bond

a bond hot dog bun

shape
CANNOT rotate freely

Formed from the

overlap of 2p orbital

00 I

00 0
Zp
orbital or tal IT bond



 

Hybridization – Valence Bond Approach to bonding 
 

sp3 (Y2s  + Y2px  +  Y2py + Y2pz) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sp2 (Y2s  + Y2px  +  Y2py) + Y2pz 

 

 

 

 

 

 

sp  (Y2s  + Y2px)  +  Y2py + Y2pz 
 
 
  








































































































 








































































































 
 

 

























































































































































































































































































































































































































DissolvingNOT

Melting



 

C

H

H H

H
Methane

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

ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨC1s + ΨC2s + ΨC2px + ΨC2py + ΨC2pz

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

ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨC1s + (ΨC2s + ΨC2px + ΨC2py + ΨC2pz)
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C

H

H C

H
Ethane

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

ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨC1s + ΨC2s + ΨC2px

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

H

H

H

+ ΨC2py + ΨC2pz + ΨC1s + ΨC2s + ΨC2px + ΨC2py + ΨC2pz

ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨH1s + ΨC1s + (ΨC2s + ΨC2px

+ ΨC2py + ΨC2pz) + ΨC1s + (ΨC2s + ΨC2px + ΨC2py + ΨC2pz)
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