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Intermolecular Forces, Phase Diagram, and the Maxwell-Boltzmann Energy Distribution Curve
OBJECTIVES:

14.  Explain surface tension and capillary rise on the basis of unbalanced forces.

15. Use a phase diagram to explain the phases of a substance as a function of temperature and pressure.
16. Describe the Maxwell-Boltzmann energy distribution curve.
17. Draw and explain Maxwell-Boltzmann energy distribution curves for different temperatures.
When a liquid is poured onto a solid surface, it tends to bead as droplets, a phenomenon that depends on the intermolecular forces.  Although molecules in the interior of the liquid are completely surrounded by other molecules, those at the liquid surface are subject to attractions only from the sides and from below.  The effect of this uneven pull on the surface molecules tends to draw them into the body of the liquid and causes a droplet of a liquid to assume the shape that has the minimum surface area – a sphere.  

Molecules at the surface of the liquid experience attractive forces downward, toward the inside of the liquid, and sideways, along the surface of the liquid. To increase a liquid’s surface area, molecules must move from the interior of the liquid to the surface.  This requires energy, since some intermolecular forces must be overcome.  The resistance of a liquid to an increase in its surface area is called the surface tension of the liquid.  There is an imbalance of the forces at the surface of the liquid.  Liquids with relatively large intermolecular forces, such as those with polar molecules, tend to have relatively high surface tensions.  

Polar liquids typically exhibit capillary action, the spontaneous rising of a liquid in a narrow tube.  There are two different types of forces responsible for this property: cohesive forces, the intermolecular forces among the molecules of the liquid, and adhesive forces, the forces between the liquid molecules and their container.  The later force works when the container is made of a substance that has polar bonds.  Glass is an example of this.  Water will pull itself up a glass container, using both of these forces, to a height where the weight of the column of water just balances the water’s tendency to be attracted to the glass surface.  This can be seen in the meniscus of a column of water.

A phase diagram is a convenient way of representing the phases of a substance as a function of temperature and pressure. 
The phase diagram of water is very different than the phase diagrams of other substances. One unique thing about water is that the boundary line between the solid/liquid sections has a negative slope, meaning that the melting point of ice decreases as the external pressure increases. This occurs because the density of ice is less than the density of water, which is not true for other substances.

Triple point is the intersection on a phase diagram where three phases coexist in equilibrium.

Critical point is where the densities of liquid and vapor become equal and the interface between the two vanishes. 


For any substance at a particular temperature, the particles have a range of kinetic energies.  Some have very little kinetic energy, while some have very much.  The curve describing the energy distribution for a collection of particles is called the Maxwell Boltzmann energy distribution curve.  The shape of the curve changes with changing temperature: it becomes flatter at higher temperatures to maintain a constant area under both the low temperature and high temperature curves. 

This describes the distribution of energies of particles in a body of liquid or gas. It also applies to solids although since there is no translation or rotation of the particles we are restricted to vibrational energy only. 

Maxwell and Boltzmann explained that in every substance the majority of particles have a mean energy but there are always some particles with high and some with low energies.  The total energy of the particles is given by the area under the curve. 
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Higher temperature - flatter and broader curve as the spread of energies is greater. The mean energy moves further to the right (higher energy)

Lower temperature curve - bigger hump and not so broad mean energy moves more to the left (lower energy)
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