THE CLAUSIUS INEQUALITY AND THE MATHEMATICAL
STATEMENT OF THE SECOND LAW

CHEMISTRY 213B

Here is a summary of the proof of the Clausius inequaksngn dass.

CarnotEngind—— 5
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System,

where C is a n&rsible Carnot engine which te& heat-d Qg from a part of the system at tem-
perature Tproduces wrk, d W, in the surroundings, andwgs the remaining heat to a resenv
at temperatur@,. While this happens, the system absorbs te@t and produces woré W;.

From our definition of diciency and the fact that the efficiencies of alleesible Carnot
engine are the same (cf. previous handout), we: ha

T
d W =-n.d Qs = B?O - 1? Qs. 1)
From Thompsors principle and Eqg. (1), it follows that
T
Wm=fdws+dwc:fdws+g?°—1gmsso. @)

This inequality must hold if the process is to proceed as writhéow we integrate Eq. (2)
around one cycle of the systemv@esible or not) and use thadt that the system’enelgy is
conserved; i.e.,

fo‘ W, = fd’ Qs.
After a little algebra, this ges:
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d Qs
=

where the constant, posi multiplicative factor, Ty, has been dropped. This is the Clausius
inequality.

Equation (3) holds foany spontaneous process which can occur in the system; although,
all irreversible processes will require a nebnk input in order to run in the configuration
depicted abee. The inequality in Thompsos'rinciple, cf. the last handout, becomes an equal-
ity only for reversible processes (no matter what the path) and thus Eq. (3) becomes:

0=§ T Qe ?“” = s (4)

where the entropis defined along anreveasible path (Eq. (4) is a proof that it is a state func-
tion) through

<0, 3

— d- QI’E’\/
ds= = 5)
Proof that ds> 2

Consider some process whereby the system changes from state A to B along path I; it may
be irreversible. Afterthe process is finished, the system is restored to its initial state (A) along a
reversible path II. If we apply the Clausius inequality to this cycle, we ha

B A
T T
A, pathl B, pathll

Since path Il is neersible, the process can be carried out wrenge (Thisis not necessarily true
for path 1) and thus:

A B

o ¢Q
QI'E\/ - _ Trev - _ASA_>B (2)

T
B, pathl| A, pathll

By using Eq. (2) in Eq. (1) we conclude that

or for infinitesimal changes

Note that the equality holds only foveesible processes.

Winter Term 2001-2002



