
59-240 Introductory Physical Chemistry I   Assignment #3
Handed out: Nov. 24, 2003 Due Date: Dec. 3, 2003
Revised version: Dec. 1, 2003
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.  You may answer questions 3, 4 and 5 directly on
the attached sheets, and hand them in with your assignment.

1. (a) Calculate the solubility of solid naphthalene, C10H8, in liquid toluene, C6H5CH3, at
25 oC if the heat of fusion of naphthalene is 19.123 kJ mol-1 and the melting point is
78.2 oC.
(b) Convert the calculated mole fraction of naphthalene dissolved in toluene in part (a)
into molarity, assuming that the volumes are strictly additive.  The density of the toluene
is 0.886 g mL-1 and the density of naphthalene is 1.025 g mL-1.
(c) Estimate the solubility, in g/(100 mL), of the same mole fraction of naphthalene as
above, but dissolved in n-decane, C10H22, which has a density of 0.730 g mL-1.

2. At what temperature will water (Tbp = 100.0 oC) and chloroform (Tbp = 60.0 oC) have the
same vapour pressure?  For water and chloroform, the standard enthalpies of vaporization
are 48.0 kJ mol-1 and 28.0 kJ mol-1, respectively.

3. A temperature-composition phase diagram for a two-component system of acetone and
chloroform at 1 atm pressure is attached.  The composition of the “residue” is given by
the liquid curve, and the composition of the distillate is given by the vapour curve.  200 g
of a mixture of A and C in a still boiling initially at 65 oC is distilled until the boiling
point of the residue remaining in the still reaches 75 oC.
(a) What is the composition of the residue at the start and finish of the distillation?
(b) What is the composition of the total distillate after distillation?
(c) What is the weight of the total distillate?  Hint: The total weight of the residue and
distillate is wr + wd = 200 g.  Use this and the weight of the component A balance to
calculate the distillate weight.

4. Consider the attached phase diagram, which represents a binary solid-liquid phase
diagram for different relative compositions of A and B.
(a) Label all regions of the diagram according to chemical species and their phases that
exist within each region.  Label temperatures marking melting points for pure substances,
eutectic points and triple points.
(b) Indicate the number of species and phases present for points labelled b, d, e, f, g and
k, using the notation b(S,P), d(S,P), etc.  Briefly explain each answer.  For example, at
point a there are 3 distinct chemical species and 2 phases (  are
distinct chemical species).
(c) Sketch (and briefly explain) the cooling curves (temperature vs. time) for the
compositions xB = 0.16 and xB = 0.57.



5. What would happen if a sample of CO2, initially at 1.0 atm and 298 K, is subjected to the
following cycle of changes:
(a) isobaric heating to 320 K
(b) isothermal compression to 100 atm
(c) isobaric cooling to 210 K
(d) isothermal decompression to 1 atm
(e) isobaric heating to 298 K
Use the attached pressure-temperature phase diagram of CO2 to diagrammatically
represent these changes, and explain what happens to the CO2.

Good luck on the problem set!
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