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8.5: The Clausius-Clapeyron Equation

The Clapeyron equation can be developed further for phase equilibria involving the gas phase as one of the phases. This is the case
for either sublimation (solid — gas) or vaporization (liquid — gas). In the case of vaporization, the change in molar volume can
be expressed

AV = Vgas - ‘/liqm'd

Since substances undergo a very large increase in molar volume upon vaporization, the molar volume of the condensed phase
(liquid in this case) is negligibly small compared to the molar volume of the gas (i.e., Vgas > Viiguiq ). So,

AV~ Vs
And if the vapor can be treated as an ideal gas,
RT
Vs = —
op
Substitution into the Claperyron equation yields
d_p o pAHvap
dT RT?
Separating the variables puts the equation into an integrable form.
pAHvap dT
dp = — 8.5.1
p 7 T (8.5.1)
Noting that
dT 1
[— _d _—
7 -(7)

makes the integration very easy. If the enthalpy of vaporization is independent of temperature over the range of conditions,

/p2@:_AHuap TQd(i)
D p R T T

1

AH,, 1 1
b2y _ el 1 1
ln<p1 ) = R ( - ] > (8.5.2)

This is the Clausius-Clapeyron equation. It can also be used to describe the boundary between solid and vapor phases by
substituting the enthalpy of sublimation (A Hyy,)

v Example 8.5.1

The vapor pressure of a liquid triples when the temperature is increased from 25 °C to 45 °C. What is the enthalpy of
vaporization for the liquid?

Solution
The problem can be solved using the Clausius-Clapeyron equation (Equation 8.5.2). The following values can be used:

p2 = 3p1 T, =318K

pP1=n T, =298 K

Substitution into the Clausius-Clapeyron equation yields
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()AL 1)
p1 9.314 J 318 K 298K

mol K
J kJ
AH,q, =43280 — =43.28 —
mol mol

The Clausius-Clapeyron equation also suggests that a plot of In(p) vs. 1/T should yield a straight line, the slope of which is
—AH /R (provided that A H,,, is independent of temperature over the range of temperatures involved..

AHva
In(p) = —Tp (%) + const.

This approach in Example 8.5.1 is very useful when there are several pairs of measurements of vapor pressure and temperature.
Such a plot is shown below for water.

Clausius-Clapeyron plot for H,0
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Figure 8.5.1

For water, which has a very large temperature dependence, the linear relationship of In(p) vs. 1/T holds fairly well over a broad
range of temperatures. So even though there is some curvature to the data, a straight line fit still results in a reasonable description
of the data (depending, of course, on the precision needed in the experiment.) For this fit of the data, AH,q, is found to be 43.14
kJ/mol.

Temperature Dependence to AH,,,

For systems that warrant it, temperature dependence of AH,,, can be included into the derivation of the model to fit vapor
pressure as a function of temperature. For example, if the enthalpy of vaporization is assumed to take the following empirical form

AH,., =AH, +aT +bT?
and substituting it into the differential form of the Clausius-Clapeyron equation (Equation &.5.1) generates

dp  AH,+al+bT2 dT
p R T2

or

dp AH,dT adl b
P ar  adl b .p
»p R T RT R

And so the integrated form becomes

AH, (1 b
In(p) = — R" (T) + %lanL ETJrconstant

The results of fitting these data to the temperature dependent model are shown in the table below.

AH, (J mol) a(Jmol' K1) b (J mol'! K?) c
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AH, (J mol) a(Jmol' K1) b (J mol'! K?) c

43080 0.01058 0.000501 20.50

This results in calculated values of AH,q, of 43.13 kJ/mol at 298 K, and 43.15 kJ/mol at 373 K. The results are a little bit skewed
since there is no data above 100 °C included in the fit. A larger temperature dependence would be found if the higher-temperature
data were included in the fit.
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