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A quantity of 0.850 mole of an ideal gas initially at a pressure of 15.0 atm and 300 K is
allowed to expand isothermally until its final pressure is 1.00 atm. Calculate the value of
the work done if the expansion is carried out (a) against a vacuum, (b) against a
constant external pressure of 1.00 atm, and (c) reversibly.

ANSWER

(a) Because Pe = 0, —Pex AV = 0, s0 that no work is performed in this case.
(b) Here the external, opposing pressure is 1.00 atm, so work will be done in expansion.
The initial and final volumes can be obtained from the ideal gas equation:

Furthermore, the final pressure of the gas is equal to the external pressure, S0 Py = P,.
From Equation 3.2, we write

w=-Py(V; - V)

L
= —nRTP, (}% . 171)

Recall that | L atm = = —(0.850 mol)(0.08206 L atm K=" mol~')(300 K)(1.00 atm)

1013 7. 1 1
£ (1.00 atm 150 atm)
=-19.5L atm = —1.98 x 10% J

(¢) For an isothermal, reversible process, the work done is given by Equation 3.5:

= —(0.850 mol)(8.314 J K~! mol~")(300 K) ln$

=-574x10°]
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Figure 3.2

Isothermal gas expansion from Py, V; to P», V5. (a) An irreversible process. Note that P, is
the constant external pressure. (b) A reversible process. In each case the shaded area repre-
sents the work done during expansion. The reversible process does the most work.

As we can see, the reversible process produces the most work. Figure 3.2 shows
graphically the work done for cases (b) and (c) in Example 3.1. In an irreversible
process (Figure 3.2a), the amount of work done is given by P»(V> — V1), which is the
area under the curve. For a reversible process, the amount of work is also given by
the area under the curve (Figure 3.2b); because the external pressure is no longer held
constant, however, the area is considerably greater.

From the foregoing discussion, we can draw several conclusions about work.
First, work should be thought of as a mode of energy transfer. Gas expands because
there is a pressure difference. When the internal and external pressure are equalized,
the word work is no longer applicable. Second, the amount of work done depends
on how the process is carried out—that is, the path (for example, reversible versus
irreversible)—even though the initial and final states are the same in each case. Thus,
work is not a state function, a property that is determined by the state of the system,
and we cannot say that a system has, within itself, so much work or work content.

An important property of state functions is that when the state of a system is
altered, a change in any state function depends only on the initial and final states of
the system, not on how the change is accomplished. Let us assume that the change
involves the expansion of a gas from an initial volume ¥, (2 L) to a final volume
V> (4 L) at constant temperature. The change or the increase in volume is given by

AV =V-V"
=4L-2L=2L

The change can be brought about in many ways. We can let the gas expand directly
from 2 L to 4 L as described above, or first allow it to expand to 6 L and then com-
press the volume down to 4 L, and so on. No matter how we carry out the process,
the change in volume is always 2 L. Similarly, we can show that pressure and tem-
perature, like volume, are state functions.
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