
GAS LAWS



Gas Laws
Boyle’s Law

Charles’s Law

Avogadro’s Law

Ideal Gas Law

Dalton’s Law of partial pressure



Boyle’s Law

Relationship between the volume of a gas and its pressure 

P X V = k

Where k is a constant at a specific temperature for a given amount of 
gas

Note: For Boyle’s law to hold, the amount of gas  (moles) must not be 
changed

• Temperature must also be constant



Boyle’s law means if we know the volume of gas at a given pressure, we 
can predict the new volume if the pressure is changed provide that 
neither temperature nor amount of gas is changed 

If we represent initial pressure and volume as 

P1 and V1 

And  final pressure and volume as 

P2 and V2

Using Boyle’s Law  

The expression will be ?



P1 V1 = k

P2 V2   = k

P1 V1 = k = P2 V2  

P1 V1 = P2 V2



Problem

Consider 1.5 L of gas at a pressure of 56 torr. Then the pressure is 
changed to 150 torr at a constant temperature. Predict

A) will the volume of the gas increase or decrease

B) What will be the new volume of gas 



Initial Condition             Final Condition

P1        = 56 torr P2 = 150 torr

V1 =  1.5 L                                     V2= ?

V2 = V1 X P1/ P2

= 0.56 L

So the volume decreases



Charles’s Law

Relationship between the volume of a gas and temperature  

V = bT

Where b is constant at constant pressure and number of moles

V = bT

or,  
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Numerical problem 1

A 2.0 L sample of air is collected at 298 K and then cooled to 278 K.

a) does the volume increase or decrease

b) Calculate the volume of air at 278 K 



Solution:

Initial Condition             Final Condition

T1        = 298 K               T2 = 278 K

V1 = 2.0 L                 V2= ?

V2 = T2 X V1/ T2

= 1.9 L

So the volume decreases as the temperature is decreased



Numerical Problem 2

2. Consider a gas that has a volume of 0.675 L at 35 °C and 1 atm
pressure. What is the temperature in °C  of a room where this gas has a 
volume of 0.535 L at 1 atm pressure



Solution

Initial Condition             Final Condition

T1        = 35 °C = 35 + 273 K              T2 = ?

V1 = 0.675 L                                            V2= 0.535 L

P1 = 1 atm P2= 1 atm

T2 = T1 X V2/ V1

= 244 K or (244 – 273 K) = -29 °C



Avogadro’s Law

• Relates the volume and the number of moles of a sample gas at constant temperature 
and pressure

V = an
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Numerical Problem

• Suppose we have 12.2 L sample containing 0.50 mol of oxygen gas, 
O2, at a pressure of 1 atm and temperature of 25 °C. If all this O2 is 
converted to ozone O3 at the same temperature and pressure, what 
will be the volume of the ozone formed?



Solution

3O2(g)                            2O3(g)

3 mol of O2 produces 2 mol of O3

Therefore 0.50 mol of O2 produces

0.50X 2/3 = 0.33 mol of O3

Initial Condition                        Final Condition

n1        = 0.50 mol n2 = 0.33 mol

V1 = 12.2  L                                            V2= ?

V2 = V1 X n2/ n1  

= 12.2 X (0.33/0.50) = 8.1 L                                             



Ideal Gas Law

According  to 

Boyle’s Law             PV = k or V= k/P (at constant T and n)

Charles’s Law                           V = bT (at constant P and n)

Avogadro’s Law                      V = an (at constant T and P)

V= R(Tn/P) 

PV = nRT

[R is the combined proportionality constant, UNIVERSAL GAS CONSTANT]

Value of R = 0.08206 L atm/K mol when pressure is in atm, volume in litres and temperature in kelvin



Combined gas law equation

This equation holds when the amount of gas (moles) is held constant

P1 V1
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Dalton’s law of partial pressure

Many important gases contain a mixture of components.

Studies have shown that each component behaves independently of the 
other 

Eg

A given amount of oxygen exerts the same pressure in a 1.0 L vessel whether 
it is alone or in presence of nitrogen

Dalton stated

“For a mixture of gases in a container, the total pressure exerted is the sum of 
the partial pressure of the gases present. Thus Partial pressure of a gas is the 
pressure that the gas would exert if it were alone in the container”



Thus, PTotal = P1+P2+P3

PTotal = P1+P2+P3 =  n1(RT/V)+n2(RT/V)+n3(RT/V)

= (n1+n2+n3)(RT/V)

=   ntotal(RT/V)

It is the total number of moles of gas in the mixture that is important 
not the identity of the molecule



Numerical Problem

A sample of solid potassium chlorate KClO3 was heated in test tube and 
decomposed according to the reaction

2KClO3                 2KCl + 3O2(g)

The oxygen produced was collected by displacement of water at 22 °C. The 
resulting mixture of O2 and H2O vapour had total pressure of 754 torr and volume 
of 0.65 L . Calculate the partial pressure of O2 in the gas collected and the number 
of moles of O2 present. The vapour pressure of water at 22 °C is 21 torr



Solution

Given:

Total pressure = 754 torr

Partial pressure of water vapour = 21 torr

Therefore partial pressure of O2 = 754 -21 torr

= 733 torr



Number of moles of O2

we know                                 nO2 = PV/RT

P of oxygen = 733 torr

P in atm = 733/760 = 0.964 atm

V= 0.650

T = 22 +273 = 295 K

R= 0.08206 L atm/K mol

nO2 = PV/RT

nO2 = 0.964 X 0.650/ 0.08206 X 295

= 2.59 X 10-2 mol



Kinetic Molecular Theory

 Gases consists of tiny particles (atoms or molecules)

 These particles are so small, compared to the distances between 
them that the volume (size) of individual particles can be assumed 
to be negligible

 The particles are in constant random motion, colliding with the walls 
of the container. These collisions with the wall cause the pressure 
exerted by the gas

 The particles are assumed not to attract nor to repel each other

 The average kinetic energy of gas particle is directly proportional to 
the Kelvin temperature of gas



Implication of the kinetic Molecular Theory

• Meaning of temperature

• Relationship between Pressure and Temperature

• Relationship between volume and temperature



Gas Stoichiometry

• To define the molar volume of an ideal gas

• To define STP



• Calculate the volume of oxygen gas produced at 1.00 atm and 25 °C 
by the complete decomposition of 10.5 g of potassium chlorate. The 
balanced equation for the reaction is

2KClO3(s)                 2KCl(s) + 3O2(g)

Grams of 
KClO3

Moles of 
KClO3

Moles of 
O2

Volume of 
O2



Grams of 
KClO3

Moles of 
KClO3

Moles of 
O2

Volume of 
O2

To find moles of KClO3 in 10.5 g ( molar mass of KClO3 is 
122.6)

Moles of KClO3 = 10.5 X (1/122.6) 
= 8.56 X 10-2 mol KClO3



• Since 2 moles of KClO3 produces 3 moles of O2

• Therefore, Moles of O2 produced = 8.56 X 10-2 X (3/2) 

• = 1.28 X 10-1 mol O2

Grams of 
KClO3

Moles of 
KClO3

Moles of 
O2

Volume of 
O2



• To find volume of oxygen produced, we use ideal 
gas law  PV = nRT

V= nRT/P

= 1.28 X 10-1 X 0.08206 X 298 / 1.00 

= 3.13 

Grams of 
KClO3

Moles of 
KClO3

Moles of 
O2

Volume of 
O2

Given
P= 1.00 atm
V=?
n= 1.28 X 10-1 mol
R= 0.08206 L atm /K mol
T = 25 °C 



• Calculate the volume of hydrogen gas produced at 1.50 atm and 19 C 
by the reaction of 26.5 g of zinc with excess hydrochloric acid 
according to the balanced equation

Zn(s) + 2HCl(s)                 ZnCl2(s) + H2(g)



STP: Standard Temperature and Pressure

• The conditions 0C and 1 atm are called standard temperature and 
Pressure Volume at STP = 22.4 L

• Which means 22.4 L contains 1 mol of an ideal gas at STP



• A sample of nitrogen gas has a volume of 1.75 L at STP. How many 
moles of N2 are present



Solution

Since, 1.00 mol = 22.4 L at STP

Therefore 1.75 L of nitrogen will contain

=1.75 X (1.00/22.4) = 7.81 X 10-2 mol of N2



Problem

Quicklime CaO, is produced by heating calcium carbonate CaCO3. 
Calculate the volume of CO2 produced at STP from the decomposition 
of 152 g of CaCO3

According to the reaction

CaCO3(s)                 CaO(s) + CO2(g)



Hint

Grams of 
CaCO3

Moles of 
CaCO3

Moles of 
CO2

Volume of 
CO2


