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59-240 Introductory Physical Chemistry I - Fall 2003 - Prof. R.W. Schurko
Assignment #1
Handed out: Monday, September 22, 2003 - In class
Due date: Wednesday, October 1, 2003 - In class

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 2 marks
out of a possible 10.  Assignments not handed in at the start of class will be graded at half value,
and late assignments receive a grade of zero. 

1. Pressures of gases in mixtures are referred to as partial pressures.  1.00 L of He gas at
0.75 atm is mixed with 2.00 L of Ne gas at 1.5 atm at 25 oC.  Assuming that there is no
temperature changes as a result of this mixing and that He and Ne can be treated as ideal
gases, calculate (a) the total resulting pressure (in atm), (b) the mole fractions of each gas
in the mixture and (c) the partial pressures of each component (in atm).

2. (a) The behaviour of real gases can be described by a number of different equations of
state, with two of the most common being the van der Waals equation

and the virial equation

Determine an expression for  for both of these equations in terms of volume.(Mp /MV)n,T
(b) The second and third virial coefficients for Ar at 273 K are B = -0.0210 L mol-1 and C
= 0.0012 L2 mol-2, respectively.  Assuming STP conditions, by what percentage does the
compressibility change when you include the third virial term?

3. The 78th edition of the CRC Handbook of Chemistry and Physics reports that at an
altitude of 106 m (621.4 miles), the atmospheric pressure is 7.514 × 10-9 Pa and the
number of molecules per m3 is 5.442 × 1011.  The temperature of the gas at that altitude is
estimated to be about 1,000 K.  These figures assume that the air is dry and that N2 obeys
the equation of state for a perfect gas.  Assume that the air is pure N2 gas with a hard-
sphere collision diameter of d = 5 × 10-10 m.  Using the average molecular weight for N2
(14.0067 g mol-1):
(a) Calculate the collision frequency of each N2 molecule.
(b) Calculate the mean free path of N2
(c) If you were an astronaut taking a space walk at this altitude, would you expect to be
incinerated by the gas with a temperature of 1000 K?  Explain by roughly calculating (i)
how many molecules the astronaut would be struck by in one minute (assuming the rate
of collisions of molecules is equal to that of molecules colliding with the astronaut) and
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(ii) the total kinetic energy transferred to the astronaut in one minute, assuming that the
average kinetic energy of a single particle is given by .+T, ' 3kT /2

4. (a) One mole of Ar atoms are confined in a vessel with a volume of 1,000 cm3.  If all
atoms are moving with identical speeds of 230 m s-1 in the x, y and z directions, compute
the expected pressure inside the vessel (in kPa).  What is this pressure in atm?
(b) What is the temperature, assuming ideal gas behaviour?
(c) In reality, atoms or molecules within a container will not all have the same velocity,
but rather will possess a distribution of velocities described by the Maxwell-Boltzmann
equation:

What fraction (and %) of molecules are actually travelling with velocities between 220
and 240 m s-1 in this container?  Recall that the Maxwell fraction is f(v) @ ∆v; in this case,
v = 230 m s-1 and ∆v = 20 m s-1.

5. (a) For a certain hydrocarbon gas, 20.0 mg exerts a pressure of 24.7 Torr in a 500 cm3

vessel at 25 oC.  Find the molar mass and molecular weight, and identify the gas.
(b) A container holds a 1.00 L sample of a pure noble gas.  At 298 K and 1 atm pressure,
the sample is found to weigh 3.427 g.  What gas is inside the container?
(c) For the gas in part (a), what is the final pressure if the volume is doubled and the
absolute temperature is tripled?

Good luck on the problems!


