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SESSION 7: KINETIC THEORY OF GASES  
 

Key Concepts 

In this session we will focus on summarising what you need to know about: 

 Kinetic molecular theory 

 Pressure, volume and temperature relationships 

 Properties of an ideal gas 

 Deviation from ideal gas behaviour 
 

X-planation  
 

Kinetic Molecular Theory 

All matter consists of tiny randomly moving particles. 

There are spaces between the particles of matter; they are largest in gases and 
smallest in solids and because of that, gases are compressible.  

Because the particles are in constant random motion, they collide with one another 
and with the walls of the container.  Gas pressure is a measure of these collisions 
per unit area 

p = 
A

F
  

An increase in temperature causes an increase in pressure due to more collisions. 

 
Boyle’s Law: the volume of an enclosed gas is inversely proportional to the 
pressure exerted on it, provided the temperature remains constant.  

Formula:  p1V1 = p1V2  

Units: pressure – Pa or kPa or Nm, Volume – cm3  or dm3  

Make sure that the units (p & V) are the same on both sides.  

STP: standard temperature and pressure 

Standard Temperature: 25oC / 298K 

Standard Pressure: 101,3kPa (1 atm) 

BOYLE’S LAW GRAPHS 

 
   
  
  
 
 
 
V        1/V          pV 
  
 p     p     p 
            
 Graph 1    Graph 2    Graph 3 
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Relationships Graph 1 Volume and pressure are inversely proportional  

       Graph 2 Pressure is directly proportional to 
V

1
  

                           Graph 3 pV is constant for every value of p 

 
PRESSURE, VOLUME AND TEMPERATURE RELATIONSHIPS 

The product of the pressure (p) and the volume (V) of a gas can be used for 
measuring temperatures. 

Therefore, pressure x Volume is directly proportional to Temperature pV α T.   

The gradient of a p against 
V

1
 indicates the kinetic energy of the particles and is 

related to the temperature, steeper gradient, greater temperature and Ek. 
   p1V1 = p2V2 
     T1       T2  

If volume remains constant, the equation becomes 
                           p1   =    p2 

T1         T2 
If pressure remains constant, the equation becomes 

V1   =    V2 
T1         T2 

If the T vs V graph were to be plotted with Kelvin as the unit for temperature, it  
would go through the origin and, therefore, it would now be correct to conclude  
direct proportionality between T and V. The Kelvin temperature scale is also called  
an absolute temperature scale and it starts at -273oC. The absolute temperature 
scale is measured in Kelvin (K):  
To convert Celsius temperature to temperatures on the Kelvin scale, the following 
formula is used: 

   T (K) = T (oC) + 273 

AN IDEAL GAS 

An ideal gas is a gas behaviour of which the Kinetic Molecular Theory is able to 
explain and predict accurately if it is a gas which exhibits all the characteristics 
properties of gases. It obeys the ideal gas equation:  

  pV = nRT 

V – volume in m3 , T – temperature in K, p – pressure in Pa 

 
Properties of an ideal gas 

The particles are identical and in a state of constant random motion. 
Molecules occupy no volume. 
They exert no forces on one another other than when they collide. 
The collisions between the particles are perfectly elastic. 
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Deviation from ideal gas behaviour 

Gases that deviate from the ideal gas behaviour are called real gases. 
Real gases deviate from ideal gas behaviour at high pressures and low 
temperatures.  
Owing to the fact that real gas particles occupy volume, it becomes increasingly 
difficult to compress a gas as the pressure increases, until eventually a limit of 
compressibility is reached. 

o Real gases occupy volume. 
o Forces exist between real gas particles and these forces cannot be 

ignored. 
o The ideal gas equation is only valid for idea gases. 

pV for a real gas is greater than that of an ideal gas 
 
Graphs showing the deviation 
 
 
 
 
p      p     V           V 
 V       1/V        p    1/p 
  
  
 
 
pV             V                       p 
    p              T    T 
 

X-ample Questions 
 
Question 1    
 
Gas bubbles are released from a diver’s breathing equipment deep below the 
surface of the sea. One of the bubbles has a volume of 3,5 cm3 at a pressure of 250 

kPa. It rises from a depth of 25 m to the surface where the temperature is 5 C, to 

the surface where the temperature is 25 C and the pressure is 101,3 kPa 
 
1.1 What happens to the volume of the bubble as it moves up?   (1) 

1.2 Explain, by using the kinetic theory of gases, your previous answer.  (3) 

1.3 What is the relationship between pressure and the volume of an enclosed  
 gas?            (1) 

1.4 Give the relationship mathematically.        (1) 

1.5 Calculate the volume of the bubble at the surface.    (6) 
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Question 2 
  
In an experiment to determine the relationship between pressure and temperature of 
a fixed mass of gas, the following results were obtained: 
 

PRESSURE (kPa) 101 120 130,5 138 

TEMPERATURE 

(C) 
0 50 80 100 

VOLUME (cm3) 250 250 250 250 

 
2.1 Draw the pressure against temperature as a graph.    (5) 

2.2 If the graph is extended (extrapolated) to cross the x-axis, what will the 
temperature value at this point be?                (1)  

2.3 What is the relationship between pressure and Kelvin temperature?  (2) 

2.4 If a greater mass of the same gas were used, what effect would it have  
 on the pressure and volume of the gas? Use kinetic theory of gases to  
 explain your answer.                   (5) 
 
Question 3 
 
Simon investigates the relationship between the pressure and the volume of a  

given amount of ammonia (NH3 (g)) at 25C. The graph drawn from the results  
is given below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1 Write the investigative question for the investigation.    (2) 

3.2 Name and state the law that is being investigated.    (3) 

3.3 Use the graph and give the relationship between p and V as shown  
 in the investigation                                      (1) 

3.4 Identify 2 constant variables.       (2)  
 
  

 

80 

x 

p 

1/V 
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The investigation is now repeated at a higher temperature. 
 
Answer the following questions by only using the terms greater, less or the same: 
 
3.5 Predict the value of pressure at point x.      (1) 

3.6 The number of moles of gas.       (1) 

3.7 The average kinetic energy of the particles.     (1) 

3.8 The strength of the forces between the particles.    (1) 
 
Question 4   

Most modern cars are equipped with airbags. The following reaction allows a  
gas to be produced to fill the airbag: 
 
2 NaN3 (s)   →   2 Na (s)  +  3 N2 (g) 
 
4.1 Calculate the mass of N2 needed to inflate a sample airbag to a volume  

 of  65 dm3 at 25 C and 99,3 kPa. Assume the temperature remained  
 constant.          (7) 

4.2 Explain why nitrogen can / cannot be referred to as an ideal gas.  (5) 

4.3 Why can we assume that nitrogen reacts as an ideal gas in the example  
 given?           (2) 

4.4 Name two real gases that behave most like ideal gases at high pressures  
 and low temperature.                             (2) 

 
Question 5 
  
9,54  x  1022 molecules of hydrogen gas are sealed in a container of which the  
volume can change , e.g. syringe. The relationship between p, V and T is  

investigated at temperatures ranging from - 20 C to 120 C.  
 
5.1 Draw a pV against T graph.        (5) 

5.2 Calculate the ratio pV/ T for the investigation at 0 C.    (6) 

5.3 When the temperature is lowered to 35 K, the hydrogen shows a  
 deviation in the value of pV. Hydrogen liquefies at 21 K. Explain the  
 possible deviations.         (6) 

            

X-ercise 
 
Question 1   
 

1.1 A sealed gas cylinder contains 1 dm3 gas at a temperature of 17 C and a 

pressure of 140 kPa. If the temperature of the gas is increased to 37 C,  
 what will the pressure that is exerted be if the volume of the container 
  remains the same.          (5) 
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1.2 A sealed gas syringe contains oxygen gas at a certain temperature and  
 pressure. The volume of the gas is reduced by pushing the plunger in.  
 The temperature is constant. State whether the following will be increased, 

decreased or remains constant. Explain each answer. 
 

a. Number of moles of particles      (2) 

b. Average kinetic energy of the particles     (2) 

c. Strength of the forces        (2) 
 

1.3 With the aid of a mathematical equation, show the relationship between  
 the Celsius and Kelvin temperature scale.     (2) 
 
1.4 Discuss the concept of temperature.      (2) 
 
1.5 Give one term for each of the following:   (Taken from Study & Master) 
            

a. The model that describes the motion of particles in the three phases  
 of matter.          (1) 

b. Force applied per unit area.       (1) 
c. The phase where particles have almost no attractive forces between  
 them.                (1) 

d. The SI unit for pressure.        (1) 

e. The relationship between the temperature and pressure of an enclosed  
 gas provided that the volume of the gas remains constant.             (1) 

 
 


