
59-240 Introductory Physical Chemistry I
Assignment #1
Handed out: Monday, September 22, 2002 - In class
Due date: Wednesday, October 2, 2002 - 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.  Late assignments (i.e., those not
handed in at the start of class) will be graded at half value.  Each question is worth 2 marks out
of a possible 10. 

1. Helium is contained at 30.2oC in the system illustrated to the
right.  The levelling bulb, L, can be raised so as to fill the lower
bulb with mercury and force the gas into the upper part of the
device.  The volume of bulb 1 to the mark b is 100.5 cm3 and the
volume of bulb 2 between the marks a and b is 110.0 cm3.  The
pressure exerted by the helium in bulbs 1 and 2 is measured by
the difference in the mercury levels in the device and the
evacuated arm of the manometer.  When the mercury level is at a,
the difference in the levels is 20.14 mm.  The density of mercury
at 30.2oC is 13.5212 g cm-3 and the gravitational constant is g =
9.80665 m s-2.  Assuming that He behaves like an ideal gas, what
is the mass of He in the container? 

2. A long time ago in a galaxy far away the “ideal” gas laws
behaved very differently from ours.  Specifically:

i.  At constant temperature, pressure is inversely proportional to the square of the volume.
ii.  At constant pressure, the volume varies directly with the 2/3 power of the
temperature.
iii.  At 273.15 K and 1 atm pressure, one mole of an ideal gas is found to occupy 22.414
L.

a) Under these conditions, show that V6P3/T4 = a constant, and obtain the form of the
ideal has equation of state in this galaxy.
b) What is the value of the ideal gas constant in this galaxy?  

3. Consider a 20 L sample of moist air (we know all about this in Windsor) at 60oC under a
total pressure of 1 atm in which the partial pressure of the water vapour is 0.120 atm. 
The composition of dry air is 78 mol % N2, 21 mol % O2 and 1 mol % Ar.
(a) What are the mole percentages of the gases in the sample?
(b) The per cent relative humidity is defined as %RH = 100 pw/pw0, where pw is the partial
pressure of water in the sample and pw0 is the equilibrium vapour pressure of the water at
the temperature in question.  At 60oC, pw0 = 0.197 atm.  What volume must the mixture
occupy at 60oC if the relative humidity is to be 100%? 



4. The van der Waals constants for gases A, B and C are:

Gas a (L2 atm mol-1) b (L mol-1)

A 4.0 0.027

B 12.0 0.030

C 6.0 0.032

Using the van der Waals equation, predict which gas has (a) the highest critical temperature, (b)
the largest molecular volume and (c) the most ideal general behaviour around STP?  

5. A sample of pure cesium metal is heated in a special oven to 500oC in order to produce
an atomic beam.  The volume of the oven is 50 cm3, the vapour pressure of Cs at 500oC is
80 mm Hg, and the atomic diameter d = 5.41 Å.

a) Calculate the mean speed of the molecules in the oven.
b) Calculate the total number of collisions per second of a single Cs atom inside of the
oven.
c) What is the total number of collisions per second between all of the cesium atoms
(remember that a collision involves two Cs atoms)?

Good luck on the problems!


