
1 Cooksy Chapter 9

1. Two containers are at exactly the same temperature, 298.15 K and hold exactly 0.100 mol
of gas, but container A holds helium gas whereas container B holds silane (SiH4) gas. The
internal energy of the silane must be higher, because silane has a higher heat capacity than
helium. On average, does any energy transfer between the two containers if the barrier is
diathermal? What if the barrier is adiabatic? Explain.

2. Find the entropy of mixing ∆mixS for two substances if they are mixed in the proportions to
maximize entropy.

3. Calculate ∆mixG in J for mixing 0.01 moles each of H2, Cl2 and O2, assuming they are ideal
gases.

4. Find an expression for ∆mixA for the isothermal and isobaric mixing of two ideal gases.

5. For the isothermal mixing of two ideal substances at constant overall pressure P and volume
VT = VA + VB, we found

∆mixS = −R(nA lnxA + nB lnxB)

If the initial isolated samples A and B are identical (i.e., nA = nB and VA = VB) and the
total volume VT is allowed to decrease, what is the final total volume VT,f in terms of VA if
the overall process is both adiabatic and isothermal?

6. Considered the isothermal and isobaric mixing of the contents of two containers A and B
holding identical samples of the same non-ideal gas, which obeys the virial equation of state

P = RT

[
n

V
+B2(T )

( n

V

)2
]
,

where B2(T ) is the second order virial coefficient. The combined volume of both containers
is V = VA + VB and the total number of moles of gas is n = nA + nB. Find an expression for
∆mixS in terms of n, V and B2(T ).

2 Cooksy Chapter 10

1. This is a cousin to Problem 1.1. Two containers areat exactly 273.15 K and hold exactly
0.100 mol of water, but container A holds solid water at its melting point, whereas container
B holds liquid water at its freezing point. We bring the two containers into thermal contact.
On average, does any energy transfer between the two containers? Explain.

2. According to the phase diagram for water, there is no phase boundary between ice and water
vapor at pressures above about 6 mbar. But ice has a measurable vapor pressure, and ice
left in open air at a pressure of 1.00 bar and 250 K will eventually evaporate. Answer the
following:
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(a) Which of the following is true? (Explain your reasoning)
I. This is consistent with the phase diagram.
II. This is an example of the phase diagram’s limitations.

(b) Explain the source of the apparent inconsistency.

3. In a typical diagram for a single substance, what phase of matter do we end up with

(a) if we start at the standard boiling point and increase P at constant T?

(b) if we start at the triple point and decrease T at constant P?

(c) if we start at the critical point and decrease P at constant T?

4. If at 1 bar we mix 10.0 mol of H2O (l) initially at 273.15 K with 10.0 mol of liquid nitrogen
initially at 77.36 K and allow the mixture to ocme to equilibrium, what do we get? Give
the phase or phases of each substance and how many moles in each phase and the final
temperature Tf .

5. The heat capacities of N2O4 and h2 for liquid and gas phases are given in the appendix of
your book. The boiling point of N2O4 is 294.3 K and ∆vapH

⊖ = 38.12 kJ/mol. If 1.00
mole of H2O (g) at 373.15 K is combined with 1.00 mole of N2O4 (l) at 294.3 K, what is
the temperature and composition (i.e., how much gas and liquid) of the resulting mixture,
assuming for convenience that the vapor pressure of the liquids is zero?

6. Estimate the melting point of ordinary ice under the skates of a person of mass 91 kg supported
equally o skates, each of which contacts the ice over an area of 2.2 cm2. At 273.15 K, liquid
water has a density of 1.000 g/mL and hte solid has a density of 0.917 g/mL.

7. The vapor pressure of ethanol at 298 K is 0.320 bar and the normal boiling point is 351 K.
Find the standard enthalpy of vaporization for ethanol.

8. Find the freezing point (in K) of water at an altitude of 1500 m, where the atmospheric
pressure is 0.85 bar. The densities of liquid water and solid water are 1.000 g/mL and 0.917
g/mL, respectively. ∆fusH

⊖
m = 6.01 kJ/mol and Tf = 273.15 K.

9. Find the temperature at which CCl4 and H2O have the same vapor pressure. The thermody-
namics values needed to work this problem can be found in the textbook.

10. Find an expression for each of the following in terms of ∆vapH
⊖ and Tb or their derivatives:

(a) ∆vapU
⊖ or ∆vapE

⊖ (i.e., internal energy)

(b) ∆vapA
⊖

(c) ∆vapµ
⊖ at constant S

(d) Cp,m(g)− Cp,m(l) at Tb and 1 bar

11. Use the Clapeyron equation to predict the freezing point of neon at a pressure of 20.0 bar.
Then density of the solid is 1.444 g/mL and of the liquid is 1.2073 g/mL.
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12. The phase diagram for 4He is given in Problem 10.47 on page 371 of the textbook. Answer
the following:

(a) How many phases are shown?

(b) How many triple points are shown

(c) What is the boiling point of helium at 0.01 bar?

(d) What are all of the possible phase transitions?

(e) Does He undergo a phase transition if pressurized from 0.1 bar to 10 bar at 6 K?

13. The phase diagram for mercury is shown in Problem 10.50 on page 371 of your textbook.
This diagram includes the four solid phases α (rhombohedral), β (body-centered tetragonal),
γ (orthorhombic) and δ (hexagonal close pack).

(a) What is (approximately) the maximum pressure in bar at which mercury sublimes?

(b) What is the maximum number of phases of pure mercury that can coexist simultane-
ously?

(c) What is the maximum temperature at which vaporization can be observed as a phase
transition?

(d) Which of the phases shown has the greatest density?

(e) Which of the phases shown has the greatest average interatomic bond strength?

14. Draw any phase diagram that predicts the following behavior: (a) the liquid boils at 1 bar,
200 K and at 2 bar, 300 K; (b) below 200 K, the solid sublimes rather than melts and (c) no
boiling point is determinable above 400 K.

3 Cooksey Chapter 11

1. Use the chemical potential and the activity to find an expression for the molar entropy of
solute B in a solution of mole fraction xB at temperature T .

2. For ideal mixing ∆mixH = 0. Write a general equation for ∆mixH at 1 bar when two non-ideal
substances A and B are mixed in terms of their activities aA and aB.

3. Try to approximate the freezing point of carbonated water by treating it as a 0.04 M solution
of CO2 in water.

4. In an azeotropic solution, the liquid and vapor phases have equal mole fractions of solute
at equilibrium. Find the numericla value of the Henry’s law coefficient of a solution that is
azeotropic at its standard boiling point.

5. The phase diagram for naphthalene and benzene mixtures is given in Problem 11.20 on pages
413-414 of the textbook. Answer the following:

(a) Identify all the possible phase transitions indicated

(b) What is the freezing point of naphthalene at 0.50 fractional concentration in benzene?
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(c) Discuss the sequence of events that occurs as a 0.5 mole fraction mixture of benzene and
naphthalene is cooled quasistatically from 350 K to 250 K.

6. Find the osmotic pressure in bar of a cell where the solute has reached a concentration of
0.010 M at 298 K.

7. Find an equation for the activity a of a non-ideal gas whose behavior is given by the virial
expansion:

PVm

RT
= 1 +

B2

Vm

where B2 is a constant and Vm is the molar volume (i.e., Vm ≡ V/n).
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