The Entropy of Mixing and
Gibss Paradox

One thing we readily observe from the following
expression
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is that, contrary to what is logically desired, the
entropy of an ideal gas, as given by this expression, is
not an extensive property of the system!

That is, if we increase the size of the system by a factor A,
keeping the intensive variables unchanged, then the
entropy of the system, which should also increase by the
same factor A, does not do so; the presence of the In V
term in the expression affects the result adversely.
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This in a way means that the entropy of the system is
different from the sum of the entropies of its parts, which
is absurd.

A more common way of looking at this problem is to
consider the so-called Gibbs paradox.

Gibbs visualized the mixing of two ideal gases 1 and 2,
both being initially at the same temperature T.

Clearly, the temperature of the mixture would also be the
same.




Now, before the mixing took place, the respective entropies
of the two gases were:
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After the mixing has taken place, the total entropy would be
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where V=V, +V,.

Thus, the net increase in the value of S, which may be
called the entropy of mixing, is given by
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The quantity AS is indeed positive, as it must be for an
irreversible process like mixing.
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Now, in the special case when the initial particle densities
of the two gases (and, hence, the particle density of the
mixture) are also the same
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which is again positive.

So far, it seems all right. However, a paradoxical situation
arises if we consider the mixing of two samples of the same
gas. Once again, the entropies of the individual samples
will be given by (1); of course, now m; = m, = m, say. And
the entropy after mixing will be given by
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The last conclusion (AS™>0), however, is unacceptable
because the mixing of two samples of the same gas, with a
common initial temperature T and a common initial
particle density n, is clearly a reversible process, for we
can simply reinsert the partitioning wall into the system
and obtain a situation which is in no way different from
the one we had before mixing.

Of course, we tacitly imply that in dealing with (a system
of) identical particles we cannot track them down
individually; all we can reckon with is their numbers.
When two dissimilar gases, even with a common initial
temperature and a common initial particle density, mixed
together the process was irreversible, for by reinserting the
partitioning wall one would obtain two samples of the
mixture and not the two gases that were originally present;
to that case, expression (4) would indeed apply. However,
in the present case (two similar gases), the corresponding
result should be
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The foregoing result would also be consistent with the|
requirement that the entropy of a given system be equal to|
the sum of the entropies of its parts.
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Of course, we had already noticed that this is not ensured
by expression (1.4.21). Thus, once again we are led to
believe that there is something basically wrong with that
expression.

To see how the above paradoxical situation can be
avoided, we recall that, for the entropy of mixing of two
samples of the same gas, with a common T and a
common n, we were led to result (4), which can also be
written as
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Sackur-Tetrode equation:
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