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Chapter 13



Gases

• BIG IDEA: Gases respond in _________ ways to __________, 
__________, _________, and changes in _________ of particles. 

• Analogy: What happens when you step on car’s gas pedal? 

• A:  

• How about when you change the pressure to the gas 
pedal? 

!



13.1: The Gas Laws

• MAIN IDEA: For a _____ amount of gas, a change in ____ variable- 
_________, _____________, or ___________- affects the other _____.   

• Analogy: What happens if you place a balloon in cold water? 

• A: 

• Did the change in temperature affect the balloon’s volume? 

• A: 

• Did the change in temperature affect the balloon’s pressure? 

• A:



The Gas Laws: Boyle’s Law

• _______ ________ (Irish Chemist) discovered that the __________ of 
a gas is related to the ___________ of a gas. 

• How are pressure and volume related? 

• Boyle showed that if _________ and the _________ of gas are 
_________, __________ the __________ __________ the 
____________ by ___________. 

• Relationship known as an __________ __________ relationship. 

• One variable ________ proportionally as the other variable 
____________.



The Gas Laws: Boyle’s Law

• Boyle designed experiments like below: As the _________ pressure on the 
piston’s cylinder ________, the _______ inside the cylinder ____________. 



The Gas Laws: Boyle’s Law

• Boyle’s Law states that the ________ of a ______ amount 
of gas at a __________ ___________ varies ___________ 
with __________. 

• Boyle’s Law: 

• Example 1: A sample of hydrogen as has a volume of 473 mL at a 
pressure of 3.56 atm.  What will the pressure be if the volume is 
changed to 250.0 mL?



The Gas Laws: Boyle’s Law

• Boyle’s Law states that the volume of a fixed amount of 
gas at a constant temperature varies inversely with 
pressure. 

• Boyle’s Law: P1V1 = P2V2 

• Example 2: A 245.6 L sample of a gas is in a balloon at a pressure of 
740 mmHg,  what will the new volume of the gas be if the pressure is 
increased to 876 mmHg?



The Gas Laws: Charles’s Law

• _________ ___________ (French physicist) observed that as 
_________ __________, so does the ________ of a gas sample 
when the ________ of gas and _________ remain ________. 

• Explained by the _______-___________ theory: 

• As _________ increases, gas _________ move ________, 
striking the walls of their container more ______________ 
and with __________ force. 

!



The Gas Laws: Charles’s Law
!

• When the cylinder is heated, the ________ ________ of the gas particles ___________, 
causing them to push the piston outward; Graph shows the relationship of volume to 
temperature: Plot is ________ line = _____________



The Gas Laws: Charles’s Law

• Charles’s Law states that the _________ of a given 
amount of gas is ________ ___________ to its _________ 
temperature at constant ___________ 

• Charles’s Law: 

• Example 1: A hot air balloon has a volume of 479 L when the 
temperature is 15oC.  What will the new volume of the balloon be when 
the temperature of the gas is raised to 95oC?



The Gas Laws: Charles’s Law

• Charles’s Law states that the volume of a given amount 
of gas is directly proportional to its Kelvin temperature at 
constant pressure 

• Charles’s Law: 

• Example 2: A 4.5 L balloon of Helium gas is in a 25oC room, to what 
temperature does the balloon need to be cooled to so that the volume 
is decreased to 3.8 L?

V = Volume 
T = Temperature 
1 = Initial conditions 
2 = Final conditions



The Gas Laws: Gay-Lussac’s Law

• When the cylinder is heated, ______ __________ of the 
particles ________, increasing both the _________ and 
_________ of the collisions with the container; the 
_________ of the cylinder is fixed, so the __________ 
exerted by the gas _____________.



The Gas Laws: Gay-Lussac’s Law

• Gay-Lussac’s Law states that the __________ of a 
______ amount of gas varies ________ with the ________ 
___________ when the ________ remains ____________. 

• Gay-Lussac’s Law: 

• Example 1: The pressure inside a sealed container is 750.0 mm Hg at 
25oC. To what temperature should the container be changed to in 
order for the gas to have a pressure of 894 mm Hg?



The Gas Laws: Gay-Lussac’s Law

• Gay-Lussac’s Law states that the pressure of a fixed 
amount of gas varies directly with the Kelvin temperature 
when the volume remains constant. 

• Gay-Lussac’s Law: 

• Example 2: A bicycle tire is at a pressure of 3.66 atm at 22oC.  What 
pressure will the tire be under if the temperature is increased to 34oC?

V = Volume 
P = Pressure 
1 = Initial conditions 
2 = Final conditions



The Gas Laws: The Combined Gas Law

• Boyle’s, Charles’s, and Gay-Lussac’s laws can be 
___________ into a __________ law. 

• __________ gas law states the ____________ among 
___________, ___________, and ___________ of a 
________ amount of gas.  

• ________ is __________ proportional to _________ & 
__________ proportional to ___________. 

• ________ is ________ proportional to ____________.



The Gas Laws: The Combined Gas Law

• Summary of gas laws 

• Can use gas laws as long as the __________ of ______ 
remains ___________.



The Gas Laws: The Combined Gas Law

• Combined gas law states that the relationship among 
pressure, temperature, and volume of a fixed amount of 
gas. 

• Combined Law: 

• Example 1: Helium gas in a balloon has a pressure of 1.15 atm when 
the volume is 75.6 L and a temperature of 34oC.  What will the new 
pressure be when the volume is decreased to 52.4 L and the 
temperature is decreased to 24oC?



The Gas Laws: The Combined Gas Law

• Combined gas law states that the relationship among 
pressure, temperature, and volume of a fixed amount of 
gas. 

• Combined Law: 

• Example 2: A balloon of xenon gas is held at a temperature of 32oC, 
5.7 L and 775 mmHg.  What will the new volume be if the pressure is 
dropped to 600.0 mmHg and the temperature is dropped to 0.0oC

V = Volume 
P = Pressure 
T = Temperature 
1 = Initial conditions 
2 = Final conditions



13.2: The Ideal Gas Law

• MAIN IDEA: The ________ _____ _____ relates the 
___________ of _________ to _________, _________, and 
____________.   

• _____________ principle states that _______ 
_________ of gases at the ________ ____________ and 
_________ contain _________ ___________ of 
__________.



The Ideal Gas Law: Avogadro’s Principle

• Gas tanks of _______ ________ that are at the ________ _________ and ___________ 
contain ________ ___________ of gas ________. 
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The Ideal Gas Law

• Combines Avogadro’s principle and the laws of Boyle, Charles, and Gay-
Lussac into a single mathematical equation. 

• PV = nRT 

• P =  

• V =  

• n =  

• R = ________ ________ __________ 

!

• T = 



The Ideal Gas Law

• Combines __________ principle and the laws of _______, 
__________, and ______________ into a _________ 
mathematical equation. 

!

• Example 1: What pressure, in atm, will 36.0 moles of He gas be if it is 
in a 45.6 L container at 45oC?



The Ideal Gas Law

• Combines Avogadro’s principle and the laws of Boyle, 
Charles, and Gay-Lussac into a single mathematical 
equation. 

• PV = nRT 

• Example 2: To what temperature (in oC) does a 65.6 gram sample of 
CH4 need to be held to have a pressure of 1.25 atm in a 75.0 L 
container?



The Ideal Gas Law

• Combines Avogadro’s principle and the laws of Boyle, 
Charles, and Gay-Lussac into a single mathematical 
equation. 

• PV = nRT 

• Example 3: If the pressure exerted by a gas at 37oC in a volume of 
1.84 L is 0.859 atm, how many moles of gas are present?  If the gas is 
ammonia (NH3) how many grams of gas are present?


