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Substances are dependant upon intermolecular attractions to hold them in their liquid and solid phases.

Gases can be condensed by increasing the pressure on them or lowering their temperature.

There are three major types of intermolecular attraction (from weakest to strongest):

London forces (induced dipoles) - caused by the temporary distortions of the electron clouds around their nuclei.  Seen in nonpolar bonds and molecules in which the polarity cancels out due to the symmetry of the molecule.

These types of bonds are very common in hydrocarbons.  Two things should be noted:


a. The longer the carbon chain, the higher the boiling point.  The structures entangle like spaghetti.

b. For structural isomers with a particular number of carbons, the greater the number of branches, the lower the boiling point.

In general, the larger the electron cloud, the greater the polarization and the stronger the intermolecular attraction.

Permanent dipoles - fixed polarity caused by the electronegativity differences between two bonding atoms.  Seen in molecules with nonbonding electron pairs and those that contain nonsymmetrical arrangements of atoms.

Hydrogen bond - a specific type of permanent dipole in which the hydrogen atom is bonded to fluorine, oxygen or nitrogen.  Because of the large electronegativity differences and the small electron cloud of the hydrogen, this type of intermolecular attraction is particularly strong.

Important Properties of Water:

a.  Water has a slightly negative fusion slope due to the fact that high pressure can disrupt hydrogen bonding making water freeze at lower temperatures.

b.  Ice is about 10% less dense than liquid water.

c.  Water has a maximum density at 3.98oC.

d.  Water solidifies in an open-cage structure.

Surface Tension:  The "skin" on the surface of a liquid caused by the increase in downward force on surface molecules from by the molecules that exist below the surface.  (i.e. there is no counter force from above).

By definition, surface tension ((), is the amount of work required to extend a liquid surface.  Units are usually expressed in J/m2.  Surface tension decreases with an increase in temperature.

Cohesive forces:  Attraction between identical molecules in a liquid.  

Adhesive forces:  Attraction between different molecules (e.g. the way water is attracted to the side of a glass producing a meniscus).  This also accounts for capillary action.

Viscosity: A liquid's resistance to flow caused by the strength of attraction between the molecules and often their length.  Viscosity is related to intermolecular forces and especially hydrogen bonding.  (The common unit is the poise (P).  The SI unit is 1 N s m-2 = 10P)

Evaporation:  The process of a liquid slowly turning into a gas below its normal boiling point.  It is caused by the fraction of the molecules with kinetic energy to escape from the surface of the liquid.  Remember that temperature is related to the RMS velocity of the particles of a substance under particular conditions.  Surface area has an affect on the rate of evaporation as does the temperature.

Types of Solids:

Metallic - Network of metallic nuclei and inner electrons w/ mobile valence electrons.

Ionic - Regular pattern of alternating positive and negative ions.  In general, the attractive force between a pair of oppositely charged ions increases as the charges on the ions increae and as the ionic radii decrease.  Lattice energies increase accordingly.

Molecular  - Crystal held together by induced (momentary) dipole or permanent dipole forces between molecules.  A special case is hydrogen bonding.

Network (Covalent) - Like Diamond and graphite.  Networks of covalent bonds.  Diamond is the hardest substance known.  It requires more than 3500oC to melt diamond.  Silicon carbide is the abrasive Carborundum.  Some of the carbons are substituted with silicon.  Diamond, graphite and fullerenes are examples of allotropes; crystals of an element that differ in their basic molecular structure.

Amorphous (noncrystalline) - Like glass.  No regular arrangement or pattern.  No sharply defined melting point.

There are 14 different types of crystalline solid lattices.  Only three are of interest here; simple cubic, body centered cubic and face centered cubic.

Open and Close-packing arrangements of spheres:

Open:

Open packing: AAA: Coordination number = 6 (52% efficient) (simple cubic)

Open packing staggered: ABA: Coordination number 8 (68% efficient) (body centered cubic)

Close:

Hexagonal close-packing: ABAB: Coordination number = 12  (74% efficient)

Cubic close packing: ABCA (face centered cubic):  Coordination number = 12  (74% efficient)

Ionic crystals are more complicated than simple metallic crystals.  Smaller cations can fill the voids (tetrahedral or octahedral) between the larger anions.  The packing arrangement of anions depends on the ratio of the cation radius to anion radius rc / ra.

Range of radius ratios:

Tetrahedral holes: 0.225 < rc / ra < 0.414

Octahedral holes: 0.414 < rc / ra < 0.732

Cubic: rc / ra > 0.732 (cations and anions of nearly equal size)

X-ray crystallography is used to determine the spacing and structure of the crystal lattice.  The general formula is:


n(  = 2d sin (
where n is an integer, ( is the wavelength of the x-ray, d is the distance between the lattices and ( is the angle of incidence to the surface of the crystal.
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