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Molecular Orbital Theory

Molecular Bonding
Unit 10C: Covalent Bonding & Molecular Geometry 

Knowledge/Understanding Goals:

· understand molecular theory
· sigma & pi bonds
Skills:

· calculate bond order using MO theory

Notes:
molecular orbital theory:
sigma (σ) bond:  

pi (π) bond:  
bond order:  
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Recall that the first electron in an orbital can orient however it likes.  We assign it a spin quantum number (ms) of ____ and usually show its magnetic poles as oriented “____”.  The second electron’s orientation (and therefore spin) is more constrained, because its spin is determined by the spin of the electron that is already in the orbital.  This second electron has a higher __________________, denoted by its spin quantum number (ms) of -½.

Also recall that an electron behaves like a ________ as well as a _______________.  When two waves are in phase, they interfere __________________, and their energies add.  When two waves are out of phase, they interfere ___________________, and their energies cancel.

Similarly, when a molecular bond orbital (MO) forms from two s-orbitals, the pair of shared electrons orient themselves such that their waves amplify each other, causing constructive interference:
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This constructive interference between s-orbitals is a ________________.

However, a second pair of shared electrons in the same molecular s-orbital are forced to orient themselves such that their waves interfere with each other, causing destructive interference:
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This destructive interference is an _____________.  A pair of anti-bonding electrons ____________ the effects of a pair of bonding electrons.
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Got it?! In other words: 

· If two atoms each have one electron in their bonding orbital, they will pair _____________________.
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· If they both have 2 electrons in the bonding orbital; the first will pair constructively, the second will bond destructively, effectively ___________ the bond out.

A molecular orbital (MO) diagram looks like the following:
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In the diagram, the orbitals for the __________________________ in each atom (atomic orbitals) are placed on each side, and the ___________________________ for the molecule are in the middle.  Note that the bonding molecular orbital is a __________ energy state than the atomic orbital, and the anti-bonding molecular orbital is a _____________ energy state.  
This means that if the bonding molecular orbital has more _______________ than the anti-bonding molecular orbital, a bond ______ form.  If there are as many electrons in the anti-bonding molecular orbital as there are in the bonding molecular orbital, a bond _____________ form.   If a bond does form, the bond order (____________________) will be:

The following is the MO predicted for the H2 molecule:
Note that there are two electrons in the atomic orbitals.  Both go into the σ bonding orbital.  The σ* anti-bonding orbital remains empty.  This predicts a bond order of ________________.  This appears correct, because a single H-H bond is consistent with what we have observed for hydrogen.

The following is the MO predicted for the He2 molecule:
Note that there are four total electrons in the atomic orbitals.  Two go into the σ bonding orbital, and two go into the σ* anti-bonding orbital.  This predicts a bond order of _____________.  A bond order of zero means no bond will form.  Again, this agrees with our observations.
In the case of atoms with s- and p- valence electrons (p block elements), the p-orbitals can form σ bonds and σ* anti-bonds from the z-axis orbital (___):
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and also π bonds and π* anti-bonds from the _____ and _____ orbitals:
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Thus the first bond formed between two atoms will be a ________ (σ) bond, and the second and third will be ____ (π) bonds, as observed in the ethene molecule:

	[image: image6.png]



	[image: image7.jpg]





1st bond (single bond) between carbons is a sigma bond, the 2nd bond (double bond) is a pi bond.

Draw out the electron geometry surrounding the two carbons and show how the bonds cause these regions to “flow together” for ethene.

Now do the same for ethyne:
Here is the MO diagram for O2:
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The predicted bond order is ________, meaning a double bond.  This agrees with what we would expect.  (Notice that you have to count the bonding and anti-bonding electrons in both the s and p orbitals when determining bond order.)
When drawing an MO diagram between atoms that have s and p orbitals, note that the σ bond and σ * anti-bond from the s orbitals both have _________ energy than the bonds from the p orbitals.
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It’s also important to note which electrons are actually involved in the bonding here. Notice that the bonding (σ 2s)2 and antibonding (σ *2s)2 cancel each other out, leaving (σ 2pz)2  & (π 2px)2 as the valence electrons involved in the atoms' bonding. 
Molecular Orbital Configuration of O2:
Notice also that oxygen has two unpaired electrons, in the 
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 orbitals.  Unpaired electrons suggests that O2 should be ______________, which is, in fact, the case.
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Unpaired electrons, when exposed to a magnetic field, will align and be ____________ to the field. Having all of the magnetic poles oriented in the same direction gives the material momentary magnetism, or paramagnetism.
Material that _____________ orientation (magnetism) after the field is removed is called ferromagnetic.

If only paired electrons are present in the molecular orbitals, the material will behave __________________, showing ______________ to the magnetic field. 
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Try drawing out the molecular orbital for nitrogen gas (N2). Identify the bond order and orbitals involved in the bond(s). 

When you have a bond between two different atoms, the energy levels are slightly different, but you fill in the MO diagram the same way.  
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On the right is a simplified MO diagram for carbon monoxide.  (This MO diagram shows only the combined molecular orbitals; it does not show the atomic orbitals on the sides.)
The predicted bond order for CO is ________, which agrees with what we observe.
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In the case of nitrogen monoxide, the Lewis structure predicts that the molecule should be unstable:  [image: image13.png]



However, the molecule is actually quite stable. 
MO theory predicts a stable molecule with a bond order of ____________.
Use this space for additional notes.  
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