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4.4: The Second Law of Thermodynamics

4.4.1: Spontaneity of an isolated system

An isolated system is a little more than just adiabatic. In the latter heat cannot get in or out. In an isolated system nothing gets
in or out, neither heat nor mass nor even any radiation, such as light. The isolated system is like a little universe all to itself.

Let us consider a zero law process. We have two identical blocks of metal, say aluminum. They are each at thermal equilibrium, but
at different temperatures. They are brought into contact with each other but isolated from the rest of the universe.

o Zeroth law: Heat will flow from hot to cold
e First law: There is no change in total energy

SO:

dUy =—dUp

There is also no work so:
dUg =0q4 +0

Because U is a state function this makes g a state function as well, otherwise this equality does not hold. As there is only one term
on the right there is only one path (along q). So we could write:

AUy =dqu

This implies that we do not need to worry about reversible and irreversible paths as there is only one path. Since:

6q’rev
dsS = T

In this particular case:
TdS = 6Gpey =dU

Thus we get:

dUs dUs dUs dUy4 11
d = = — = d —_— —
S= ", T T, s (TA TB)

Clearly as long as the two temperatures are not the same dS is not zero and entropy is not conserved. Instead it is increasing. Over
time, the temperatures will become the same (if the blocks are identical, the final temperature is the average of T4 and T’g) and the
entropy will reach a maximum.
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For our two identical blocks of metal (with same heat capacity, Cy'), we can, in fact, derive that the entropy change:

T: +T}
4Ty Tp

AS = CV In

This is indeed a positive quantity. In general, we can say for an isolated system:
ds>0
Thus if we are dealing with a spontaneous (and isolated) process dS > 0 and entropy is being produced. This gives us a criterion
for spontaneity.
4.4.2: Entropy exchange of an open system

In an isolated system dS represents the produced entropy dSyr,q and this is a good criterion for spontaneity. Of course the
requirement that the system is isolated is very restrictive and makes the criterion as good as useless... What happens in a system
that can exchange heat with the rest of the universe? We do have entropy changes in that case, but part of them may have nothing to
do with production, because we also have to consider the heat that is exchanged.

dS = dSprod + dSezchange

If the process is reversible (that is completely non-spontaneous) we are dealing with dgye, so that dSegchange = 0qrev /T, but that is
also what dS},; is equal to (by definition). This leaves no room for entropy production.

So we have:
Isolated: dS = dSproq +0
Reversible dS =0+ gy, /T

Notice that this demonstrates that for non-isolated systems entropy change is not a good criterion for spontaneity at all... In the case
the heat exchange is irreversible part of the entropy is entropy production by the system:

Irreversible: dS = dSprod + 0girren / T
dS > 8qjrrey /T in this case.

Generalizing the isolated, irreversible and reversible cases we may say:

dq
> —=
dS_T

This is the Clausius inequality.
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