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14.15: Problems

Problems

1. When we express the energy of a system as a function of entropy, volume, and composition, we have
E=E(S,V,ni,na,..., n,). Since S and V are extensive variables, we have AE = E (AS, AV, Any, Ang, ..., An,). Find
(0 (AE)/0OX) gy, From this result, show that

G= Z ]
=1

2. When we express the energy of a system as a function of pressure, temperature, and composition, we have
E=E(P,T,ny,ny,..., n,).Because P and T are independent of A\, \E = E (P, T, Any, Ang, ..., An,). Show that

w
E= Z Ej’ﬂj
j=1
3.From E=E (P,T,ny,na,..., n,) and the result in problem 2, show that
o7), (), o+ [P (55), v (57) o =3t
— | +P|—=— dT+ |P| =—= | +T| = dP = n;dE;
Note that at constant pressure and temperature,
w —
> ndE;=0
j=1
4. If pressure and temperature are constant, E = F (ni,ng,..., n,) and AE =E(Ani,Ang,..., An,). Show that

27:1 njdEj: 0 follows from these relationships.

5. A solution contains m; moles of component 1, ns moles of component 2, ng moles of component 3, etc. Let
n =ni +ny +ng+... The mole fraction of component j is 2; = n;/n. Show that

Oz; o n-n;
671,]' - n2

and, for j#k,
( 8.73]' ) _ —TLj
on, )  n?
What are
Oz,
6n1
and

Oz
8n2

6. For any extensive state function, Y (P, T, ni,na, ..., ny), the arguments developed in this chapter lead, at constant P and T,
to the equations

if the solution has only two components?

Y= nll?l +n2}72 4+ +nwl7w
and

0= nldfl —l—nzd?z “+ .- —I—nwd17w
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Where Y'; is the partial molar quantity (8Y /8n) P Ty’
by Tm#Eg

(a) Prove that 0 = :cldfl + wzdfz +eee wwd?w

(b) Prove that
0=n oY, +n 07 +-- 4 —6?w
- ony ? Ony “\ on,

0— 2 dY e Y s Y .,
N o 2\ oz, “\ oz,
7. The enthalpy of mixing is measured in a series of experiments in which solid solute, A, dissolves to form an aqueous solution.

These enthalpy data are represented well by empirical equations A, H = cym +aam? , ay = By + P15 (T —273.15) and
Q9 = ,321 +,822 (T — 27315) with

(c) Prove that

B, =10.0 kJ molal™*
B1s = —0.14 kJ molal 2 K !
Bo1 = —3.00 kJ molal ™!
By = —0.040 kJ molal 2 K

Find EA, EHQO, jA, and jHQO as functions of m 4 and T'. Find EA, szo, jA, and szo for a one molal solution at 209 K. What
is the value of

@4 (1 molal, 290 K)
n
a4 (1 molal, 273.15 K)

Notes
1 We can make other assumptions. It is possible to describe an inhomogeneous system as a collection of many macroscopic,

approximately homogeneous regions.
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