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A polynomial fit to measurements of the total volume of a water/ethanol mixture at 25°C
that contains 1.000 kg of water is

v=1002.93 + 54.6664x — 0.363 94x% + 0.028 256x>

where v = V/cm?, x = ng/mol, and ny is the amount of CH;CH,OH present. The partial
molar volume of ethanol, Vg, is therefore

(av) (a(wcmﬂ} cm’ (av} S
Vp= = = cm’ mol
ong o T d(ng/mol) T, mol | dx o Ty

Then, because

dv
a= 54.6664 — 2(0.363 94)x + 3(0.028 256)x>

we can conclude that

Ve/(cm® mol™) = 54.6664 — 0.72788x + 0.084768x"
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Example 5.1 Using the Gibbs—-Duhem equation

The experimental values of the partial molar volume of K,SO,(aq) at 298 K are
found to fit the expression

vg=32.280 + 18.216x1?

where vy = Vi g5 / (cm® mol™!) and x is the numerical value of the molality of
K,SO, (x= b/b®; see the brief comment in the margin). Use the Gibbs—Duhem equa-
tion to derive an equation for the molar volume of water in the solution. The molar
volume of pure water at 298 K is 18.079 cm?® mol ™.

v , — ~1/2
dL‘tA — _(”B/”A)dl"B? by o U; _J BEdFB dLB/dJC 9.108x
o 1A
b/b® 1 1 1, M
n B_ B MMy e
1,‘A=‘UE—9.108J L x12dx 1, (1kg)/M, kg =DM, =xb"M,
0o A
b/b*® )
Uy = UI — 9,108MAZ?{'}J x2dx = UI — ;(9.1(}%?»J!‘\./Ipﬁ*e’)(b/b“‘)?”f2
0 .

S V,/(cm® mol™) = 18.079 — 0.1094(b/b*°)*"? [



