
Gas Laws 



Basics of Kinetic Molecular Theory  
(A model to explain the observed behavior of gases) 

1. Gas molecules behave like tiny, hard 

spheres in constant, random motion. 

2. Gas particles move in a straight line until 

they hit something else (like another gas 

particle, or the container) 

3. Particles are much smaller than the 

distance between them 

 



What exactly is an ideal gas? 

Some assumptions are made about gases when 

using the gas laws: 

 

1. Atoms/molecules have zero volume 

2. No interactive forces 

3. Perfectly elastic collisions 

 

*These assumptions are not true all of the time, 

especially under high pressure and low 

temperatures. 

 

 

 

 

 

http://intro.chem.okstate.edu/1314f00/laboratory/glp.htm
http://www.walter-fendt.de/ph14e/collision.htm


Properties of Gases 

1. Fluids 

2. Low density 

3. Highly compressible 

4. Completely fill a container and exert 

pressure in all directions 



Pressure 

the force exerted per unit of area 

 

Units of pressure: 

kilopascal (kPa)  

atmosphere (atm)  

torr (torr)  

millimeters of mercury (mmHg) 

pounds per square inch (psi) 

 

1 atm = 760 mm Hg = 760 torr = 101 kPa 

  



Standard Temperature and Pressure (STP) 

Standard temperature = 273 K 

Standard pressure = 1 atm 



Pressure and Volume 

How are pressure and volume of a gas 

related?  Think about the demos. 

What are the words we use for this 

relationship? 

What would a graph look like? 



Pressure and Volume 

Boyle’s Law:  the volume of a certain mass 

of gas at constant temperature is inversely 

proportional to the pressure applied to the 

gas 

 

P1V1 = P2V2    

V 

P 

http://intro.chem.okstate.edu/1314F00/Laboratory/GLP.htm


Example:  If a balloon filled with helium has a 

volume of 1.00 L at 1.00 atm, what will the volume 

be at 790. mm Hg? 

Step 1:  Check to make sure both volumes are in 

the same unit and both pressures are in the 

same unit.  If not, convert them. 

 

790. mm Hg      x     1 atm       =  1.03947… atm 

                         760 mm Hg 



Step 2:  Plug in values and solve for the unknown. 

P1V1 = P2V2  

 

P1 = 1.00 atm 

V1 = 1.00 liter 

P2 = 790. mm Hg = 1.03947… atm 

V2 = ? 

 

(1.00 atm)(1.00 liter) = (1.03947… atm)(V2) 

 

V2 = 0.962 liter 



Volume and Temperature 

How are temperature and volume of a gas 

related? 

What are the words that we use for this 

relationship? 

What would the graph of this relationship 

look like? 

 



Charles’ Law:  the volume of a certain mass of gas 

at constant pressure is directly proportional to the 

temperature of the gas in Kelvin  

T 

V 

V1 = V2 

T1    T2 



Example:  If a 2.00 L bottle filled with air at 20.ºC is 

placed in a freezer at 0ºC, what will the new 

volume of the air be?  

Step 1:  Make sure units are the same and 
temperature is in Kelvin.   

 

K = ºC + 273  

 

20.ºC = 293 K 

 

0ºC =273 K 

 

 



Step 2:  Plug in values and solve for the unknown. 

V1 = V2 

T1  T2 
 

V1 = 2.00 L 

T1 = 20.ºC = 293 K 

V2 = ?  

T2 = 0ºC = 273 K  
 

2.00 L     =  V2 

   293 K           273 K 

 

V2 = 1.86 L 



Pressure and Temperature 

How are pressure and temperature of a 

gas related? 

What are the words that we use for this 

relationship? 

 What would the graph of this relationship 

look like? 



Gay-Lussac’s Law:  the pressure of a certain mass 

of gas at constant volume is directly proportional to 

the temperature of the gas in Kelvin  

T 

P 

P1 = P2 

T1    T2 



What if pressure, temperature, AND volume 

change? 

 

 

Combined gas law:  explains how a certain amount 

of gas behaves when pressure, volume and 

temperature change 

 

P1V1 = P2V2 

 T1   T2 



*The same rules apply to Gay-

Lussac’s law and the combined 

gas law as apply to the other gas 

laws.  Make sure units are the 

same and temperature is in 

Kelvin.  



Vapor Pressure 

the pressure of a vapor in contact with its 

liquid form 

 

The higher the temperature, the higher the 

vapor pressure. 

 

More often, we are dealing with water vapor 

pressure! 



Dalton’s Law of Partial Pressure 

The total pressure of a mixture of gases is equal to 

the sum of individual pressures of the 

constituent gases 

 

Ptotal = P1 + P2 + …. 



Example:  If hydrogen gas is collected over water 

(so that the water levels are the same), and the 

barometric pressure is 1.013 atm, and the water 

vapor pressure is 7.5 mm Hg, what is the pressure 

of the hydrogen gas? 

 

Step 1:  Are your pressures in the same unit? 

 

1.013 atm x 760 mm Hg  = 769.9 mm Hg 

         1 atm 



Step 2:  Plug into the equation and solve! 

 

Ptotal = Phydrogen + Pwater vapor 

 

769.9 mm Hg = Phydrogen + 7.5 mm Hg 

 

 

Phydrogen = 762.4 mm Hg 

 

 



The Ideal Gas Law 

PV = nRT 

 

P = pressure 

V = volume (L) 

n = number of moles 

R = Universal gas constant = 8.314 L∙kPa/mol∙K =  

0.0821 L∙atm/mol∙K = 62.4 L∙mmHg/mol∙K  
T = temperature (K)  

 

* Different R values are used depending upon 
what unit pressure is in. 



Example 1:  What mass of ammonia is required to 

fill a 14.88 L bottle to a pressure of 199 kPa at 

25°C? 

P = 199 kPa 

V = 14.88 L 

n = ? 

R = 8.314 L∙kPa/mol∙K  

T = 25°C = 298 K 

 

 

 



PV = nRT 

(199 kPa)(14.88 L) = (n)(8.314 L∙kPa/mol∙K)(298 K) 

 

n =1.1951…mol  

 

1.1951…mol x 17.0 g  = 20.3 g NH3 

  1 mol 

 



Example 2:  What is the volume of 1.00 mole of a 

gas at STP?  

PV = nRT 

 

(1.00 atm)(V) = (1.00 mole)(0.0821L∙atm/mol∙K)(273 K) 

 

V = 22.4 L  

 

* 1 mole of any gas at STP has a volume of 22.4 L. 



Avogadro’s Law:  under constant temperature and 

pressure, volume and number of molecules 

(moles) in a sample of gas are directly proportional 

n 

V 

V1 = V2 

n1    n2 



*The same rules apply to 

Avogadro’s law as apply to the 

other gas laws.  Make sure units 

are the same and temperature is 

in Kelvin.  



Stoichiometry and Gas Laws 

You can use the ideal gas law to get 

moles from volume, and vice versa 

If temperature and pressure don’t change, 

though, the mole to mole ratio from the 

coefficients will also work with volume 

 



Example:  If 250.0 mL of methane is burned at 

1570ºC and 1 atm, what volume of water vapor will 

be produced at the same temperature and 

pressure? 

Since pressure and temperature are staying 

constant, then all you need is the balanced 

equation. 

 

CH4 + 2O2  CO2 + 2H2O 

 

250.0 mL CH4  x  2 mL H2O = 500.0 mL H2O 

     1 mL CH4 



Effusion 
The process that occurs 

when a gas escapes 

through a tiny hole in its 

container  

 

Example:  a leaky tire, latex 

balloons 

 

 



Graham’s Law of Effusion 

The rate of effusion of a gas is inversely 

proportional to the square root of its molar mass 

(if temperature remains constant) 

 

 

 

 

ⱱ = rate of effusion 

M =molar mass 
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Example:  If two containers are placed 

equidistant from a person, one filled with 

ammonia gas and the other filled with 

hydrochloric acid gas are opened, which 

gas will injure (or kill!) the person first? 

 



ammonia = NH3 = 17.0 g/mol 

 

hydrochloric acid = HCl = 36.5 g/mol 

 

 

The ammonia will injure (or kill) the person 

first due to its smaller molar mass. 



Example:  How many times faster will helium 

effuse from a balloon as compared to nitrogen? 

 

Step 1:  What are the molar masses of the gases?  

 

Helium = 4.0 g/mol 

Nitrogen = 28.0 g/mol (Don’t forget!  It’s diatomic!) 

 

 



Step 2:  Plug them into the equation so that you’ll 

end up with a number that makes sense. 
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Helium will effuse 2.6 times faster than nitrogen. 

 

 

That’s why latex balloons filled with helium 

deflate faster than those filled with air (which is 

mostly nitrogen)! 

 


