Unit 3 – Notes on Energy Accounts


From X-ray diffraction patterns, we can learn about the structure of matter at the particle level:

1. In solids, sharp diffraction patterns suggest the existence of long range order – the particles are ordered in a repeating pattern (sometimes even observable by the naked eye).

2. In liquids, fuzzy diffraction patterns suggest the existence of short range order – at about the same bulk density as solids, some particles are squeezed closer together, leaving random gaps which break the repeating pattern. These gaps allow the particles to switch places and move around (this is why you can pour liquids).

3. In gases, no diffraction pattern is obtained – all the particles are very far apart, resulting in no pattern whatsoever.
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Particles in a solid undergo primarily vibrational motion.  Energy added to the system that does not melt the solid can increase these vibrations, but does not change the long-range order of the system.


Particles in a liquid undergo vibrational, rotational and some gradual translational motion.  Energy added to the system that does not vaporize the liquid increases these kinds of motion, yet the short-range order in the particles still exists.
Particles of a gas undergo translational, rotational and vibrational motions.  There is no apparent structure in such a system of particles.


Let’s examine how energy is stored in a system of vibrating particles.  When particles undergo vibration, the velocity of the particles constantly changes as the relative positions of the particles change.  [Recall the 1st Eureka video: Molecules in Solids.]  As the kinetic energy of the particles decreases, the “elastic” energy (due to interactions between the particles) increases; as the Ek increases, the Eel decreases.  On average, the Ek and the Eel of the particles are equal, therefore an addition of energy to the system via heating will be equally split between the two accounts.  Therefore, it would take twice as much energy to produce the same effect on Ek in a metal as it would for the Ek in a monatomic gas.  Evidence for this is the fact that the heat capacity of metals is roughly double that of monatomic gases (at constant volume).


We will define an account (thermal energy, Eth) which includes both the Ek (for all types of motion) and Eel energy (associated with vibrations).  You can change the amount of energy in the Eth account without changing the overall structure of the particles in the system.


When energy supplied to the system results in structural change, overcoming the attractions that keep the particles in a specific structure, we say that this energy is stored by the system as interaction energy (Ei). When a system of particles becomes more closely bound, we say that there is a decrease in the energy stored in the Ei account.  You cannot change the amount of energy in the Ei account without changing the structure.  So, for a given structure, you cannot exchange energy between the Eth and Ei accounts.
When the constituent atoms of our basic particles undergo rearrangement (a more drastic structural change), we say that chemical energy (Ech) is involved. 
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