CHAPTER

7

CHEMICAL THERMODYNAMICS:
FUNDAMENTAL PRINCIPLES

In this chapter we return to a formal study of chemical equilibrium, but the approach
will be from a new direction. We look now at the energy evolved and consumed in
chemical reactions and at the relation of this energy to equilibrium. This is a branch
of physical chemistry called thermodynamics, a basic subject that permeates much
of modern chemistry and geochemistry. As a predictive tool, thermodynamics has
its greatest usefulness in the closed, carefully controlled systems of the chemical
laboratory, but we shall find it an aid also in setting limits on what is possible and
what is impossible in the more complex systems with which a geologist must deal.

7-1 THERMODYNAMIC SYSTEMS

In geochemistry we apply the principles of equilibrium thermodynamics to a well-
defined macroscopic volume of the universe that is referred to as a thermodynamic
system (Fig. 7-1). We are interested in what happens inside the system. That is, for a
- L AN 15,26
given set of conditions what chemical reactions will occur in the s system? And how
_much reaction must take place to attain overall chemical equilibrium?

The dimensions of the system can be chosen to suit specific geochemical
problems. We may choose systems that include the entire Earth and its atmosphere,
or ones that are limited to a small portion of the Earth such as a hand specimen of
rock. Another kind of system consists of experimental apparatus, for example a
pressurized heating-vessel used in a laboratory. Thermodynamic systems are
classified on the basis of whether or not energy (heat and work) and matter
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