
 

 
 

REVISION: GAS LAW CALCULATIONS    17 JUNE 2014 

 
Lesson Description 

In this lesson we revise: 

 Different gas law calculations 

 
Summary 

Gas Laws 

Gas laws show the relationships between temperature, pressure, volume and the number of 
moles (quantity) of gas in a given sample. When a relationship between any two variables 
amongst temperature, pressure and volume is investigated, the other variables must be kept 
constant. In scientific terms, the variables that are kept constant during an investigation are called 
the controlled variables. 

Boyle’s Law 

Robert Boyle, an Irish philosopher, chemist and a physicist, investigated the relationship between 
the pressure and the volume of a given mass of gas when the temperature is kept constant. His 
findings led to what is now called the Boyle’s Law: 

The pressure of a fixed amount of gas is inversely proportional to the volume provided the 
temperature remains constant. 

Boyle’s Law is represented as follows mathematically:      
 

 
 

When multiplied by a constant, k, the equation becomes:   
 

 
 

Therefore p1V1 = p2V2 

Charles’ Law 

Jacques Charles was a French scientist and a mathematician who was the first to launch a hot 
air balloon in 1783. Charles investigated the relationship between the (absolute) temperature and 
the volume of a fixed amount of gas when the pressure is kept constant. His findings led to what 
is called Charles’ Law: 

The absolute temperature is directly proportional to the volume of a fixed amount of gas provided 
the pressure of the gas remains constant. 

Now we can state Charles’ Law mathematically as follows: V α TK 

When a constant, k, is introduced, the equation becomes V = kTK where TK is the absolute 
temperature measured in Kelvin. From the equation V = kTK we can change the subject of the 

equation to get, k  
 

 
 . But k is a constant which equals the gradient of the graph and since the 

gradient of the graph is constant, we can write the equation:  
  

  
  

  

  
 

Converting Temperature 

Converting from degrees Celsius to Kelvin: K = T(°C) + 273. 

Converting from Kelvin  to degrees Celsius: °C = T(K) - 273. 

 

 

 

 



 

 
 

Gay-Lussac’s Law 

Joseph Louis Gay-Lussac was a French chemist and physicist. He investigated the relationship 
between the temperature and the pressure of a fixed sample of gas when the volume is kept 
constant. The findings of this investigation led to what is today known as the Gay-Lussac’s Law 
which states: 

The pressure of a fixed amount of gas is directly proportional to the absolute temperature provided 
the volume is kept constant. 

 This relationship can be shown mathematically as follows: p α T. 

Multiplying by a constant, k, gives; p = kT. Therefore 
 

 
 = k. p/T is the gradient of the pressure 

versus temperature graph and therefore it is constant at any point along the graph since it is a 
straight line. Thus p1/T1 = p2/T2.  

The Combined Gas Equation 

The combined gas equation is also known as the general gas equation. To arrive at the general 
gas equation, Boyles’s Law and Gay-Lussac’s Law are used. From Boyle’s Law; p α 1/V. From 
Gay-Lussac’s Law; p α T. Combining the two yield; p α T/V. when the proportionality is multiplied 

by a constant, k, the following equation is arrived at;   
 

 
 . Therefore 

  

 
  . Since k is a 

constant which remains the same for the conditions of temperature, pressure and volume of any 
fixed amount of gas; p1V1/T1 = p2V2/T2. This is known as the general gas equation.  

The Molar Volume 

It has been found experimentally that one mole of any given gas will occupy a volume of 22,4 dm
3
 

at Standard Temperature and Pressure (STP). A temperature of 0 
0
C (273 K) and pressure of 

101,3 kPa are the STP values. Thus the number of moles occupying a particular volume at STP 

can be found by using the formula:   
 

  
 where n is the number of moles, v is the volume of the 

gas and Mv is the molar volume at STP equal to 22,4 dm
3
. You must be reminded that if the 

quantity of the gas at STP is given in mass, the number of moles of the gas would be found by 

using the formula;   
 

 
 where n is the number of moles, m is the given mass of the gas and M is 

the molar mass of the given gas. 

The Ideal Gas Equation 

To arrive at the ideal gad law, Boyle’s Law and Charles’ Law are used. From Boyle’s Law we know 
that p α 1/V. therefore pV = k. From Charles’ Law; V α T. Thus V/T = k. From the molar volume 
formula at STP; n = V/Vo where Vo is the molar volume. Thus V α n. therefore V = kn. Therefore  

V/n = k. Combining all the three formulae above results in the following expression: 
  

  
  . In this 

case, k is a special gas constant called the Universal Gas Constant with a symbol  

R = 8,31 J.K
-1

mol
-1

. So the expression above can be written as  
  

  
  . This is normally written 

as: 

 pV = nRT 

where   

p = pressure in Pa 

 V = volume (m
3
) 

 n = number of moles (mols) 

 R = Universal Gas Constant (8.31 J.K
-1

mol
-1

) 

 T = Kelvin temperature (K) 

 



 

 
 

 
Improve your Skills 

Ideal Gases 

Question 1 

Express the following in Kelvin temperature scale: 

a. 25 
0
C 

b. 0 
0
C 

Question 2 

a. Under what conditions does the behaviour of a real gas deviate from that of an ideal gas? 
Explain your answer. 

b. Write down four main properties of an ideal gas. 
c. What is the equation; Pv = nRT called? 

Gas Laws I 

Question 1 

1000 cm
3
 of gas at a pressure of 100 kPa is kept in a sealed container at 25 

0
C. The volume of the 

container is increased such that the pressure of the gas decreased to 80 kPa whilst the temperature 
remains constant. Calculate the volume of the gas. 

Question 2 

An amount of gas is heated under constant pressure so that its temperature increased from 25 
0
C to 

30 
0
C. The volume of the gas at 30 

0
C is 150 cm

3
. What was the initial volume of the gas? 

 Gas Laws II 

Question 1 

A certain mass of carbon dioxide gas is sealed in a 200 cm
3
 container. The gas exerts a pressure of 

100 kPa on the sides of the container at a temperature of 0 
o
C. Calculate; 

a.) The number of carbon dioxide gas moles present in the container. 
b.) The mass of the carbon dioxide gas in the container. 

Question 2 

A certain gas at a temperature of 20
 o
C and a pressure of 80 kPa is kept in a 250 cm

3
 container. The 

gas is compressed such that its pressure decreases to 130 kPa. The temperature of the gas 
increases to 45

 o
C when the gas was compressed. Calculate the volume of the gas after it has been 

compressed. 

 

 


