
Chem 3321 homework #4 solutions

Problem 1, 10 marks – Carnot cycle

We learned in class that a heat engine has a maximum efficiency of η = 1−TC/TH where

TC and TH are the temperatures (in Kelvin) of the cold and hot reservoirs, respectively.

Although it is not possible in practice to design an engine with this efficiency, there is a

hypothetical engine that does achieve it. The cycle this hypothetical engine follows is called

the Carnot cycle. Work through the details of this Carnot cycle engine and prove that its

efficiency is η = 1 − TC/TH . You may use my Chapter 20 lecture notes on the course web

page but make sure you can do all the calculations on your own.

Problem 2, 10 marks – refrigerator

An electric motor is used to operate a Carnot refrigerator with an interior temperature

of 0.00 ◦C. Liquid water at 0.00 ◦C is placed into the refrigerator and transformed to ice at

0.00 ◦C. If the room temperature is 300. K, what mass of ice can be produced in one day

by a 0.50 hp motor that is running continuously? Assume that the refrigerator is perfectly

insulated and operates at the maximum theoretical efficiency.

Solution:

At maximum efficiency,

|qc| =
Tc

TH − TC

|w| (1)

Then, dividing both sides by t=time, we get

|qc|
t

=
Tc

TH − TC

(0.50 hp)
746 J s−1

1 hp
= 3771 J s−1 (2)

Now, we must extract ∆Hfusion = 6.008 kJmol−1 of heat to freeze water at 0.00 ◦C. Therefore

the mass of ice we can produce in one day is

3771 J s−1

∆Hfusion

(24× 3600 s)(18.02 gmol−1) = 977 kg (3)

Problem 3, 10 marks – ideal gas expansion

Find ∆U, ∆H, ∆S, ∆A and ∆G for the isothermal expansion of an ideal gas, initially

occupying one liter at 1 atm and 25 ◦C, to a final volume of 100 liters.

Solution: For an isothermal expansion of an ideal gas, ∆T = 0, ∆U = 0, and ∆H = 0

1



n =
P1V1

RT
= 0.0408mol (4)

∆S = nR ln(V2/V1) = 1.565 JK−1mol−1 (5)

∆A =

∫
(dU − TdS − SdT ) = −T∆S = −466.6 Jmol−1 (6)

∆G =

∫
(dH − TdS − SdT ) = −T∆S = −466.6 Jmol−1 (7)

Problem 4, 10 marks – phase transition in solids

In the transition CaCO3(aragonite) → CaCO3(calcite), ∆G◦ = −790 J/mol and ∆V =

2.75 mL/mol at 25 ◦C. At what pressure would aragonite become the stable form at 25 ◦C?

(assume ∆V is independent of pressure). The notation ◦ means 1 atm pressure.

Solution:

Referring to the diagram,

0 = ∆GP1 = ∆G1 +∆GP2 +∆G2 = ∆GP2 +∆V̄ (P1− P2) (8)

With P2=1 atm, we get roughly P1=2836.2 atm

FIG. 1:
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Problem 5, 10 marks – chemical reaction

Using tabulated ∆fH
◦
298 (Table 19.2) and standard molar entropies given in Table 21.2,

calculate ∆rxnG
◦
298 for the reaction H2O(ℓ)→H2(g) +

1
2
O2(g)

a) At what temperature would the reaction become favorable assuming ∆rxnH
◦
298 and

∆rxnS
◦
298 are independent of temperature?

Solution:

From the tables,

∆rxnH
◦
298 = 285.83 kJmol−1 (9)

∆rxnS
◦
298 = 0.1633 kJmol−1K−1 (10)

then using ∆G = ∆H − T∆S we get

∆rxnG
◦
298 = 237 kJmol−1 (11)

The reaction becomes favorable when ∆G becomes negative, so we can look for the

conditions at which ∆G = 0, which is immediately before it becomes negative. This is when

T = ∆H/∆S = 1750 K.

b) Using the temperature you found in part (a), and assuming constant pressure, calculate

the entropy increase for one mole of a diatomic ideal gas from 298 K. Compare this value

(as a percent) to ∆rxnS
◦
298. You can refer back to homework 2 for a diatomic gas.

Solution:

For a diatomic we have

∆S =
5

2
nR ln(Tf/Ti) + nR ln(Vf/Vi) (12)

but at constant pressure the volume ratio is equal to the temerature ratio, making the

expression

∆S =
7

2
nR ln(Tf/Ti) (13)

which is 51.5 J/(K mol) which is about 32% of the ∆rxnS
◦
298 value. The point here being

that in part (a) we assumed ∆rxnS
◦
298 was independent of temperature but now you can see

that isn’t such a good assumption.
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