26 Advanced properties of mixing

2.5 Binary ideal systems of liquid and gas: x,y- diagrams

We now discuss mixtures of A and B in liquid and vapor phases. Let x4 and y4 be the mole fraction of A in
liquid and vapor phase, respectively. Common sense suggests that the vapor should be richer in the more volatile
component (that with larger pure vapor pressure p*). In what follows we will confirm this expectation. Let p% and
pp be the vapor pressures of both pure components. For the liquid we assume Raoult’s law

p=pA+DpB =24 +TBpp = pp + (Pa —PB)TA - (2.47)

For the vapor we find from Dalton’s law

ya=24 and yp=128 (2.48)
p p
which combining with Eq. (2.47) leads to
TAPH
Yya = — P and yp=1-ya (2.49)
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Just by rearranging we get
ya (pp + (Pa —Pp)ra) = 2aPa ie. yapp =z (pa + (P4 — PB)YA) (2.50)
and finally
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pp+ (P5 —Pi)ya (251)
Using Eq. (2.48) we get
_Pa _ TaP) (2.52)
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Figure 2.6: a) Curves for Eq. (2.49) when A is more volatile then B. b) Curves for Eq. (2.49) when B is more
volatile then A. ¢) Curves for Eq. (2.53) for several values of pratio = ¥y /0%

Note that all results depend decisively on the ratio p% /p%. Examples for curves representing Eq. (2.49) and Eq.
(2.53) are shown in Fig. 2.6.
Fig. 2.7 summarizes this results. The straight line separating the liquid phase corresponds to Raoult’s law. The
curvature in the line separating the pure vapor phase is a pure entropy effect (ideal case). We now introduce the
overall composition z4. It equals z4 = x4 if only liquid exists. It equals z4 = ya if only gas exists. A point
between the two lines corresponds to both liquid and vapor being present. In this region we find for the relative
amounts n, n(l), and n(g)

nza =n(l)xa +n(g)ya . (2.54)

Additionally holds
n=n(l)+n(g) ie mnza=n(l)za+n(g)za . (2.55)
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Figure 2.7: The dependence of the total vapor pressure of an ideal solution on the mole fraction of A in the entire
system. A point between the two lines corresponds to both liquid and vapor being present.

Combining Eq. (2.54) and Eq. (2.55) we get the lever rule

:((;)) - %:Zj . (2.56)

So the horizontal line in Fig. 2.7, e.g. between as and a}, describes a phase separation between a liquid and a vapor
phase, where the concentration y4 in the vapor is higher than the overall concentration z, due to the higher partial
pressure p% (i.e. A is more volatile).



