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 Why do some solids dissolve in water but 
others do not?

 Why are some substances gases at room 
temperature but others are liquid or solid?

 Stay tuned to find out…..

 Intramolecular forces:  forces that bond 
atoms to each other within a molecule. 
(covalent bonds)

 the forces that bond molecules to each other.

 Weaker than intramolecular.

 strength of intermolecular forces determines 
the physical properties of the substance.

 Polar molecules (dipoles), in liquid, 
orient themselves so that oppositely 
charged ends of the molecules are near 
one another.

 Polar molecules will tend to attract one 
another more, at room temperature, 
than similarly sized nonpolar molecules.

 More energy to separate polar 
molecules.

 must be in  close proximity.

 Melting point and boiling point of 
substances made of polar molecules are 
higher than for substances made of 
non-polar molecules.  

 is the force of attraction 
between an ion and a polar 
molecule (a dipole).

 Cations are attracted to 
negative end of a dipole.

 Anions are attracted to the 
positive end of a dipole.
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 Ion-induced dipole forces:  results when an 
ion in close proximity to a non-polar molecule 
distorts the electron density of the non-polar 
molecule.

 Molecule becomes momentarily polarized.

 Two species are attracted.

 E.x. nonpolar O2 and Fe2+in hemoglobin.

 Dipole-induced force:  similar to that of an 
ion-induced dipole force.

 Charge on a polar molecule is responsible for 
inducing the charge on the non-polar 
molecule.

 Non-polar molecules do not have dipoles like 
polar molecules.  How, then, can non-polar 
compounds form solids or liquids?
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 Shared pairs in covalent bonds constantly vibrate.

 Causes uneven, momentary distributions of charge.

 Non-polar molecules become slightly polar for an 
instant.  

 Can induce a dipole in a nearby molecule.

 Occurs in all molecules. 
ttp://www.chm.bris.ac.uk/webprojects2003/swinerd/images/london%20animation.gif

 Two factors that affect the magnitude of the force:
 1.  the number of electrons.
 2. shape of the molecule.

 Larger molecules cause more of an uneven distribution of charge
strong forces

 Their electrons are further away from the nucleus (any asymmetric 
distribution produces a larger dipole due to the larger charge separation)

 The number of electrons is greater (higher probability of asymmetric 
distribution).

 Thus, dispersion forces tend to increase  with increasing molecular mass.

 More spherical shape  weaker forces

 Dispersion forces occur between all molecules.

 Helium atoms (2 electrons)

 Consider the particle nature of electrons

 The average distribution of electrons around each nucleus is 
 spherically symmetrical

 The atoms are non-polar and posses no dipole moment

 The distribution of electrons around an individual atom, at a given 
instant in time, may not be perfectly symmetrical
 Both electrons may be on one side of the nucleus
 The atom would have an apparent dipole moment at that instant in time. (i.e. 

a transient dipole)
 A close neighboring atom would be influenced by this apparent dipole - the 

electrons of the neighboring atom would move away from the negative region 
of the dipole

 Due to electron repulsion, a temporary dipole on one atom can induce a 
similar dipole on a neighboring atom

 This will cause the neighboring atoms to be attracted to one another
 This is called the London dispersion force (or just dispersion force)
 It is significant only when the atoms are close together

Dispersion forces are also present between 
polar/non-polar and polar/polar molecules (i.e. 
between all molecules)

 an electrostatic attraction between the nucleus of a 
hydrogen atom, bonded to fluorine, oxygen, or nitrogen, 
and the negative end of a dipole nearby. 

 Hydrogen atom has no inner core of electrons, so the side 
of the atom facing away from the bond represents a 
nucleus.

 This positive charge is attracted to the negative charge of 
an electronegative atom in a nearby molecule.

 Stronger than dipole-dipole and/or dispersion forces.

http://www.chm.bris.ac.uk/webprojects2003/swinerd/images/london animation.gif
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 http://www.youtube.com/watch?v=3lcD43aU
htA

 http://www.youtube.com/watch?v=GnswLP4
t6d0&feature=related

 Every water molecule has two O-H bonds which are 
polar.

 The large number of bonds between water 
molecules makes the net attractive force quite 
strong  responsible for high boiling point.

 Ice:  when water cools, the kinetic energy can no 
longer overcome the hydrogen bonds and the 
molecules are forced into a special hexagonal, 
crystalline structure of ice.

 This arrangement of molecules has greater volume 
(is less dense) than liquid water, thus water expands 
when frozen.

 Water molecules are farther apart than they are in 
liquid water , making ice less dense  ice floats in 
water!

 water expands when frozen.

 Liquids contract on cooling. Water  contracts but 
up to a certain point. As the temperature drops, 
molecules slow down and contract. Once the 
temperature reaches 4ºC , water begins to 
expand

 The reason why ice is lighter than water is that a 
certain mass of ice occupies more space than the 
same mass of water. This is related to “hydrogen 
bonding”.

 Ice has a diamond structure due to the hydrogen 
bonding. Water does not have such an orderly 
structure, but water molecules are squeezed close 
to one another because of the hydrogen bonding.

 There is more space in ice than in water! This is 
the reason why ice is lighter than water. 
Therefore, ice can float on water.

 Pg. 206!!!!!

 Ice:

 Water:

Boiling Points 
 Increase in boiling point with an increase in 

electrons  larger dispersion forces since 
more electrons can temporarily shift from one 
part of the molecule to another.

 NH3, H2O, HF have high boiling points 
because of strong intermolecular forces 
caused by hydrogen bonding.

 H2S. H2Se are not small enough or 
electronegative enough to undergo hydrogen 
bonding  lower boiling points than H2O.

 M.pts and B.pts are a measure of 
intermolecular forces.  

 Weak (low m.pt, b.pt; doesn’t take a lot of 
energy to break the bonds).  

 Increase in number of electrons  higher 
boiling point

 Larger dispersion forces since more electrons 
can temporarily shift from one part of the 
molecule to another.  

 Table 6.3...Great Summary!

http://www.youtube.com/watch?v=3lcD43aUhtA
http://www.youtube.com/watch?v=3lcD43aUhtA
http://www.youtube.com/watch?v=GnswLP4t6d0&feature=related
http://www.youtube.com/watch?v=GnswLP4t6d0&feature=related
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DNA (carry genetic information)
 Long strands of units called 

nucleotides.  

 Hydrogen bonds between 
base pairs (A-T, C-G)and London 
dispersion forces  stabilize DNA.

 Proteins:
- Linear chains of units called amino acids.

- In a protein molecules, each amino acid has an N-H 
group and C==O.

- Hydrogen bonds stabilize alpha helix and the beta 
structure.

- One N-H group of an amino acid hydrogen bonds to the 
C-O group of another amino acid.

- Non-polar R groups are stabilized by London dispersion 
forces.

 Refer to Table 6.3 on pg. 209
 Refer to Table 6.4 on pg. 217

 Example 1. Which substances experience dipole-dipole 
intermolecular forces?

 SiF4,CHCl3, CO2, SO2

 Solution:
 SiF4 tetrahedral Si-F bonds are polar, but non polar molecule.  

 CO2 linear C-O bonds are polar, but non polar  molecule.  

 SO2 bent S-O bonds are polar and do not cancel. Polar. 

 CHCl3 tetrahedral C-H and C-Cl bonds are polar and do not cancel

 SO2 and CHCl3 experience dipole-dipole intermolecular forces.

 Pg. 215 #s 1-6

 Pg. 224 # 1


