Intermolecular Forces Notes
Don’t read 10.3-10.7, except for p457-461The structure of crystals will not be on the AP exam.
Memorize Table 10.7 p471
Types of forces, from weakest to strongest:

Weakest: London forces

Dipole-dipole force

Hydrogen bonds (a type of dipole-dipole interaction)

Covalent bonds

Metallic bonds

Strongest: Ionic bonds
Melting and boiling points

When a substance melts, some of the attractive forces holding the particles together are broken or loosened so that the particles can move freely around each other but are still close together. The stronger these forces are, the more energy is needed to overcome them and the higher the melting temperature. 
The same is true for boiling points.  A substance with strong intermolecular forces will have a high boiling point.
Atomic solids:

Metalic bonding
Metallic bonding gets stronger with higher charge of the cation the metal forms.  Metallic bonding is thought of as cations in a sea of delocalized electrons.  

Example: Sodium, magnesium and aluminum are all metals. They have metallic bonding, in which positive metal ions are attracted to delocalized electrons. Going from sodium to aluminum:

· the charge on the metal ions increases from +1 to +3 (with magnesium at +2) ...

· the number of delocalized electrons increases ...

· so the strength of the metallic bonding increases and ...

· the melting points and boiling points increase. 

Network solids
Si and C make giant covalent structures with many covalent bonds.  The more bonds made, the harder it is and the higher the melting point.  In graphite, each carbon makes three bonds.  In diamond, each carbon makes four bonds, which is why diamond is harder and has a higher melting point.

Silica is made of SiO2, where each Si atom is bonded to four O atoms.

Network solids have higher melting points than other covalent molecules because to melt a network solid, many covalent bonds must be broken.  The melting point is over a temperature range Example, SiO2 melting point: 1650(±75) °C.
Example SiO2 has a higher melting point than CO2 because SiO2 is a network solid and many covalent bonds must be broken when it melts.  CO2 is just a nonpolar molecule with weak London forces.
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Image from: http://commons.wikimedia.org/wiki/File:SiO2_-_Glas_-_2D.png


Group 8A

London dispersion forces hold group 8 atoms together in a solid.  They are made by one atom inducing a charge on another, so one side of the atom or molecule becomes partially positive and one side becomes partially negative.  The strength of London dispersion forces increases with the number of electrons in the atom or molecule.


Molecular bonding
· Polar molecules




Dipole-dipole interactions become stronger with a larger difference in electronegativity.  Dipole-dipole interactions are stronger than London forces, but weaker than chemical bonds (covalent, ionic or metallic).



The strongest dipole dipole interactions are hydrogen bonds, which can be made between a nonbonding electron pair and a hydrogen that is bonded to N, O or F.
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Image from: http://chemtools.chem.soton.ac.uk/projects/emalaria/index.php?page=13




Example: NF3 has a higher melting point than NH3.

· Nonpolar molecules




London forces.  London forces get stronger if molecules can be packed more closely because more surface area is contacted.  A hydrocarbon with branches will have a lower boiling point:
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(These molecules have the same number of carbon and hydrogen atoms, but the branched molecule (2-methyl propane) has a lower boiling point.

Image: http://commons.wikimedia.org/wiki/File:Isobutane-n-butane.png




Example: CH3CH3 has a higher melting point than CH4 because there are more electrons in CH3CH3.
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Image from: http://bdml.stanford.edu/twiki/bin/view/Rise/InvestigationOfVanDerWaalsForce

Ionic bonding
· Ionic bonds get stronger with increased charge of the cation or anion and with smaller ionic radii.
· Example: MgS has a stronger ionic bond than NaCl.
States of Matter


Condensed states: solids and liquids.

As a substance moves from solid > liquid > gas…

· The average kinetic energy of molecules increases (as measured by temperature).
· Motions of molecules increase

Solids are rigid and molecules cannot move around each other.  


In the liquid state, molecules are closely packed like a solid, but the molecules are free to move around other molecules.  Intermolecular forces are not strong enough to keep molecules from moving.  

If molecules get enough energy, then can pull away from other molecules and enter the gas phase.  Molecules in a gas are very far apart and interact little.  Gases have fast and totally random motion.
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Image from: http://qwickstep.com/search/liquid-solid-and-gas.html
Liquids with large intermolecular forces, such as polar molecules, have high surface tension.  This is why small insects can walk on water.


Polar liquids can have capillary action, where a liquid spontaneously rises in a tube.  This causes the meniscus in a graduated cylinder.  The molecules “pull” themselves up the side by bonding with the oxygen atoms in the glass (glass is made partly of SiO2).

A nonpolar liquid would form a convex meniscus (“n” shape) because it will have stronger intermolecular forces with itself than the container.
