
59-240 Introductory Physical Chemistry I
Assignment #4
Handed out: November 5, 2001 - In class and on web
Due date: November 14, 2001 - In class

Instructions:
Complete all of the questions below.  Show all work and units used in the calculations.  Late
assignments will be graded at half value.  These questions are only slightly more challenging
than those assigned in class!  Each question is worth 2 marks out of a possible 10.  Surround all
final answers with a clearly marked box.

1. Use the Maxwell’s relations and Euler’s chain relation to express (�p/�S)V in terms of
heat capacity, CV, the expansion coefficient, �, and the isothermal compressibility, �T, and
the temperature, T.

2. Estimate the standard Gibbs reaction energy of the reaction

N2 (g) + 3H2 (g) � 2NH3 (g)

at (a) 500 K and (b) 1000 K from their values at 298 K.

3. For each of the following processes, state whether �A and �G is positive, negative or
equal to zero, along with your reasoning:

a) Reversible melting of solid benzene at 1 atm and normal melting point
b) Reversible adiabatic expansion of a perfect gas
c) Reversible isothermal expansion of a perfect gas
d) Adiabatic expansion of a perfect gas into a vacuum

And, for the processes below, state which of �U, �H, �S, �Suniv, �A and �G must be
equal to zero (and which are non-zero), along with your reasoning:

e) Hydrogen burned in a adiabatic calorimeter of fixed volume
f) Non-ideal gas undergoes Joule-Thomson expansion
g) Ice is melted at 0oC and 1 atm

4. A sample of 1.00 mol of a perfect monatomic gas with CV,m = (3/2)R, initially at 298 K
and 10 L, is expanded with surroundings at 298 K, to a final volume of 20 L, in three
ways:

a) Isothermally and reversibly
b) Isothermally against constant external pressure of 0.5 atm
c) Adiabatically against constant external pressure of 0.5 atm

Calculate �S, �Ssur, �H, �T, �A and �G for each path.  If a numerical answer cannot be



obtained from the given data, write +, - or ? as appropriate.  Make a table summarizing
your results, and show all of your reasoning below the table.

5. In your own words, and without the use of equations, write a few full sentences
describing each of the state functions: U, H, S, G and A.

Good luck on the problem set!


