Unit 1, Homework No. 2: Thermodynamics - SOLUTIONS
1. [image: image1.wmf](

)

(

)

(

)

(

)

J

K

K

kg

JK

kg

T

T

mC

CdT

q

o

000

,

200

373

323

800

5

1

1

1

2

-

=

-

=

-

=

=

-

-

ò

When brick 1 is brought in contact with brick 2, heat flows from brick 1 to brick 2, until thermal equilibrium is reached. This equilibrium occurs when the final temperature of the two bricks become 50oC. The heat flowing out of brick 1 equals the heat absorbed by brick 2.

Heat delivered by brick 1 is 
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This is the heat absorbed by brick 2. Therefore, for brick 2,
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2. (a) For isothermal reversible compression: 
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(b) For isothermal reversible expansion:
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3. Process 1: Isothermal compression from 2.25 L to 1.5 L at a constant pressure of 2 bar.

Process 2: Isothermal compression from 1.5 L to 0.8 L at a constant pressure of 2.5 bar.

Convert all pressures to Pa (or N/m2), and all volumes to m3. 1 bar = 105 Pa, and 1 L = 10-3 m3.

For process 1: 
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For process 2:
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The total work is therefore 150 J + 175 J = 325 J.
We can compare this to the one step process of compressing the gas isothermally and reversibly from 2.25 L to 0.800 L. We must use the equation:
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We can obtain nRT from the ideal gas law. 
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The work done by the surroundings on the system differs for the irreversible and reversible paths (w is a path function). However, since both processes are isothermal, (T = 0, and so (E = 0 for both processes. (E is the same for both processes because it is a state function.
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 We have the following information:

(vapHo at 373 K is 40.7 kJmol-1
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5. 
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6. (a) Using Hess’s law:
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It follows that the standard enthalpy for the conversion of glucose to lactic acid during glycolysis is -120 kJ mol-1, about 4 % of the enthalpy change of combustion of glucose. Therefore, full oxidation of glucose is metabolically more useful than glycolysis, because in the former process more energy becomes available for performing work.
(b) Using Hess’s law:
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7. The Kekulē structure of benzene has 3 C=C bonds and 3 C-C bonds. The total bond energy corresponding to the ring structure is 3(348) + 3(612) = 2880 kJ mol-1. Compare this to the resonance structure which has 6 aromatic C-C bonds, giving 6(518) = 3108 kJ mol-1. Thus, more energy is required to break the resonance form of benzene. The resonance form is therefore more stable than the corresponding Kekulē structure, by an amount 228 kJ mol-1.

8. (a) W = 3, N = 30. 
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(b) W = 6, N = NA. 
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(c) At zero Kelvin each molecule can get “locked” into one of four possible orientations. If this is the case, then W = 4. For one mole, this corresponds to an entropy of: 
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9. (a) The first path is reversible. We need to calculate the entropy of the system and the surroundings. We can then add the two to get the total entropy (of the universe).

a. The system:
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b. The surroundings. 

During the isothermal reversible expansion, an amount of heat q is absorbed from the surroundings into the system. This happens because ΔE = 0. The amount of heat absorbed is numerically equal to –w. When we consider the surroundings, the heat is –q (lost to the system). This is numerically equal to +w. Thus,
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(iii)
The total:


The total change in entropy is 
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 (the process is reversible, equilibrium).

(b) The second path is irreversible. We need to calculate the entropy of the system and the surroundings. We can then add the two to get the total entropy (of the universe).

(i) The system:

Entropy change is a state function. We can therefore use the reversible path to calculate it for the system.
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(ii) The surroundings. 

The irreversible expansion against zero pressure means that ΔE = 0 and w = 0. Therefore, no heat is exchanged between the system and surrounding.
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(iii)
The total:
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 (positive because the process is spontaneous)

10. (a) For the conversion of graphite to diamond, 
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. Therefore, the conversion at room temperature and 1 atm is not spontaneous.

(b) Setting 
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Since ΔV < 0, we see that increasing pressure makes 
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 more negative. Increasing the pressure will favor the conversion of graphite to diamond.
Solving for ΔV gives -1.91 cm3mol-1, or -1.91 × 10-3 Lmol-1. To obtain the minimum pressure to make the reaction spontaneous, we set 
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Note the conversion factor to ensure all units are Jmol-1. Solving for pressure gives:
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(c) 
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 less negative. Increasing the temperature will not favor the reaction.
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