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f ' p exp Ap % Bp 2 /2
RT

pVm ' RT % Ap % Bp 2

59-240 Introductory Physical Chemistry I - Fall 2004 - Prof. R.W. Schurko
Assignment #3
Posted on web: Thursday, November 25, 2004 - revision of q1 posted Nov. 29, 2004.
Due date: Friday December 3, 2004 - In class at 12:30 p.m.

Instructions: Complete all five questions.  Show all work and units used in the calculations.  Be sure to
place final answers or key calculations within a clearly marked box.  Each question is worth 10 marks
out of a possible 50.  Assignments not handed in at the start of class will be graded at half value, and late
assignments receive a grade of zero.  Please write legibly and be sure to staple all pages together - failure
to do so may result in your assignment not being marked!  Write answers clearly in blue or black pen. Do
not write in pencil, do not use whiteout, tape or other obscuring implements. 

1.  The fugacity of a gas is found to obey the equation

where A and B are constants.  Prove that the equation of state for this gas is:

 Hint: As a starting point, utilize (i) the equation relating chemical potentials of a standard state
perfect gas and a real gas, , and (ii) the fundamental equation ofµ ' µE % RT ln f
thermodynamics for dG under conditions of constant temperature.

2. Carbon disulfide (CS2) has vapour pressures of 40.0 and 100.0 Torr at 250.65 K and 268.05 K,
respectively.
(a) Compute the enthalpy of vaporization and the normal boiling point of CS2, assuming constant
heat capacity.
(b) How does the result in part (a) compare to the measured boiling point (calculate a difference
and a per cent difference).  What accounts for this difference?  Briefly explain.
(c) The standard partial molar enthalpy of CS2(R) is Ho(R) = 89.70 kJ mol-1.  From the calculation
in part (a), calculate the standard molar enthalpy of CS2(g).

3. This question should be answered on the provided answer sheets.  The solid-liquid binary
phase diagram for the Mg-Zn system is shown on an attached answer sheet.
(a) Briefly describe the physical state of the system in the various numbered areas.  Clearly label
the following points on the phase diagram: (i) melting points of pure Mg and pure Zn; (ii)
eutectic melting point(s); (iii) congruent melting point(s) and identity of congruently melting
compound(s).
(b) On the second attached sheet, sketch a cooling curve for a sample of composition x(Mg) =
0.6 which is cooled from 700 K to 300 K at linear cooling rate.  Briefly explain each portion of
the curve in reference to your phase diagram.
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4. (a) The boiling point elevation of 50.00 g of CCl4 containing 1.24 g of an unknown solute is
1.30 oC.  Find the molecular weight of the unknown solute, given that Kbp = 5.03 oC/molal and
Tbp = 76.75 oC.
(b) Use the following freezing point depression data for aqueous solutions to determine the
molar mass of maltose, given that for H2O, Kfp = 1.86 K kg mol-1.   The table has weight fraction
of maltose (e.g., for w = 0.0500, there are 50 g of maltose in 950 g of H2O).

w (maltose) 0.0100 0.0200 0.0300 0.0400 0.0500

-∆Tfp 0.055 0.112 0.169 0.229 0.290

Remember, that: ∆T = Tfp,R - Tfp,soln = Kfpb, where b is the molality expressed in units of mol kg-1

(i.e., mol of solute per kg of solvent).
(i) Make a data table with the following data columns: w, ∆Tfp, m(maltose, g), m(H2O, kg),
Mmaltose.
(ii) Plot Mmaltose as a function of w and ∆T, and determine the best fit using linear regression (use
Excel software or equivalent to make this plot).
(iii) Extrapolate the best fit function to w = 0 in order to determine the Mmaltose.

5. (a) What is the osmotic pressure (in bar) of a 0.109 M aqueous solution of glycerol at 25 oC? 
Assume that the solution is ideal.
(b) The osmotic pressure of a solution of a nonvolatile non-electrolyte is given by 

Assuming ideal behaviour, calculate Π (in bar) for an aqueous solution of glucose at 10.2 oC that
contains 5.00 × 10-4 mol of glucose per gram of solution.  The density of water is ρH2O =
0.9997 g cm-3.

Good luck on the problem set!
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