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59-240 Introductory Physical Chemistry I - Fall 2004 - Prof. R.W. Schurko
Assignment #1
Posted on web: Wednesday, September 22, 2004
Due date: Friday, October 1, 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!

1. Equal numbers of moles of H2 and He gases are sealed in separate but identically-sized
containers at the same temperature.
(a)  Assuming the ideal gas law holds, provide answers to the questions below using brief
rationalizations:

(i) In which container is the pressure greater?
(ii) In which container is the average kinetic energy lower?
(iii) Particles move faster in which container?
(iv) Neglecting the insignificant molecular size, which gas makes the most
collisions with the walls of the container? 

(b) Calculate and compare the average gas-phase translational energies (in kJ mol-1) and
rms speeds of both He(g) and H2(g) at 20 oC.

2. Use an Excel spreadsheet (or other appropriate software) to answer these questions. 
Excel is available on most university computers, including the Chemistry & Physics
Resource Centre (182-1 Essex Hall).  You will provide two figures (Figures 1 and 2)
and one table (Table 2) as your answer.  Be sure to title your graphs and table, label
all axes and legend appropriately - failure to do so will mean loss of marks!
(a) Use the data provided in Table 1 (see below), and plot the fraction of molecules per
unit speed interval vs. speed for N2 (g) at 300 K, i.e., a Maxwell distribution of speeds
(Figure 1).
(b) Plot the analogous data for T = 1000 K on this same graph. (Figure 1).
(c) On each isotherm, indicate the (i) rms speed, c; (ii) most-probable speed, c*; and (iii)
average speed, , clearly on the graph. (Figure 1)  Provide calculated values for thesec̄
speeds, and show all work.
(d) Using the analytical equation for Maxwell’s distribution of speeds, plot the data for T
= 550 K for the same list of velocities on a new graph (Figure 2).  Plot the 300 K and
1000 K data beside this newly generated data for comparison (Figure 2).  Make a table
listing your calculated values of f(v) in scientific notation (two decimal places max,
Table 2).
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3. A McLeod gauge is used to measure low pressures in vacuum systems (remember,
perfect vacuums are impossible to build - there are always some gas molecules/atoms
present).  As the mercury is drawn to the top of the gauge, a fixed volume of gas (Vbulb) is
trapped in the bulb and then compressed into a smaller volume (Vgas) capillary tube at the
top of the bulb (the radius of the capillary in the picture is quite exaggerated).

The two distances h1 and h2 can be easily be measured with a ruler to calculate a pressure
difference (in Torr) between the compressed gas and the vacuum system.  Thus, the ratios
below can be used to calculate the pressure in the vacuum system:

(a) Given this information, determine the pressure in a vacuum system (in Pa) given that
h1 = 35 mm, h2 = 82 mm, Vbulb = 100.3 cm3 and the inner radius of the cylindrical
capillary tube is 0.25 mm.
(b)  Other devices such as manometers rely on knowledge of the density of the viscous
liquid to make an accurate measurement of pressure.  Thus, the McLeod gauge is
advantageous for measuring small pressures when the viscous liquid (i.e., Hg in this case)
has a density that varies with temperature.  Briefly explain this statement.
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4. (a) Assume the composition of dry air to be x(N2) = 0.7808, x(O2) = 0.2095, x(Ar) =
0.0093 and x(CO2) = 0.0003.  Calculate the average molar mass (g mol-1), , and densityM̄
(g L-1), ρ, of dry air at 25.0 oC and 1.000 bar.
(b) The composition of air inhaled by a human being is 21% O2 and 0.03% CO2 by
volume, and that of exhaled air is 16% O2 and 4.4 % CO2.  Assuming a typical volume
(inhaled and exhaled) of 7200 L day-1, what mass of O2 is used by the body, and what
mass of CO2 is generated by the body each day?  Assume ideal gas behaviour for the air,
and that % by volume is the same as mol % (i.e. mole fractions).  This breathing takes
place on a particularly hot day (37 oC) at normal atmospheric pressure (1.00 bar).

5. Using the van der Waals equation, , find the minimum inp ' RT / (Vm & b) & a /V 2
m

the curve of pV plotted as a function of p for 1.00 mol of O2 at 0 oC.  The vdW
coefficients can be found in the back of Atkins 6th and 7th editions.
Step 1: You must take the derivative of pV with respect to p.  This will get you started:

Step 2: After you solve the derivative, set it equal to zero to find the minimum.  Show
that

Step 3: Insert the coefficients and solve for Vm, followed by the minimum value of  p. 
Note, you will have to solve a quadratic equation.

Useful calculus tips: recall that numerators and denominators in derivatives and partial
derivatives can be manipulated algebraically.  A few examples are shown below:

Good luck on the problem set!
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