3.091: Introduction to Solid State Chemistry
Do yourself a solid. Maddie Sutula, Fall 2018
Recitation 11

1 More MO Theory

So far we’ve discussed MO diagrams with homogeneous dimers: both atoms are the same. But there can
also be heterogenous dimers involving two different atoms, and these dimers can be charged! When we
construct a MO diagram for a heterogeneous dimer, it is the same principle as for a homogeneous dimer:
draw electronic orbital diagrams for each atom, populate the electronic states, and then fil in the sigma and
pi bonding and antibonding states formed. The only difference in the case of the heterogeneous dimer is
that we must consider the relative energy of each set of atomic orbitals. This often yields asymmetric MO
diagrams. Typically, the more electronegative atom is lower in energy.

Example: Draw the MO diagram of CN~. Determine the bond order.
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Nitrogen is lower along the energy axis because it is more electronegative than carbon, yielding an asym-
metric MO diagram. There are 8 electrons in bonding orbitals and 2 electrons in antibonding orbitals, so
the bond order is

1
bond order = 5(8 —-2)=3

A dimer with bond order 3 is triple bonded! You may recognize this molecule as cyanide.
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2 Intermolecular Forces (IMFSs)

London Dispersion Forces (LDFs) exist in all molecules. As the electrons distributed across a molecule
fluctuate in time, they generate small electric fields. Then, electrons in other molecules or atoms that are in
close proximity rearrange in response to the generated electric fields. Molecules with more electrons experi-
ence stronger LDFs.

Dipole-dipole interactions are IMFs characterized by electrostatic force between polar molecules. The
more polar the molecule, the stronger the interaction.

Hydrogen bonds (H-bonds) are a particular type of dipole-dipole interaction that occur in molecules
with a hydrogen atom (H) bonded directly to a fluorine, oxygen, or nitrogen atom (F, O, or N).
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Generally, LDFs are weaker than dipole-dipole interactions, and H-bonds are strongest of all. However,
there is no way to apply a one-size-fits-all classification of IMF strength, as they depend on specific molec-
ular geometry, steric bulk (how big the molecule is), arrangement of atoms, polarity, and other factors. If
a substance contains molecules with stronger IMFs, it requires more energy to break apart the molecules,
which generally means that materials with stronger IMFs have higher melting points and higher boiling
points.

Example: Will it H-bond? Circle the molecules that form hydrogen bonds in solution.
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1. This molecule has a ring of carbons, and each carbon is also bonded to one hydrogen. There are no H-F,
H-O, or H-N bonds, so this molecule does not form H-bonds.

2. Here, the molecule is shown in a notation typical of organic chemistry: each vertex along the line
connecting HO and CHy contains a carbon atom + hydrogen atoms to complete the octet, and the lines con-
necting the vertices represent bonds. Written another way, this molecule is HO-CH;—CH=CH5. None of the
C-H bonds participate in hydrogen bonding, but the HO groups will form H-bonds with the other HO groups!

3. Similar to the first one, this molecule only contains bonds between C and H atoms. It will not form

H bonds.
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4. There is a lot going on with this molecule. The rings here are the same sort of structure as the ring in 1:
you can imagine filling in a C at each vertex and then populating with H to fill out the octets. This molecule
contains N, but all of the N atoms are bonded only to C: these N-C groups won’t form H bonds. However,
there are some OH groups: these will form H-bonds with the OH groups on neighboring molecules!

5. You might recognize this molecule as ammonia. Here, the N atom is directly bonded to hydrogen.
These N-H end groups will form H-bonds.

6. Finally, this hydrofluoric acid molecule is just H-F. Therefore, it will form H-bonds.
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