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Note taking Guide: Gas Laws part I: The ABC’s of Gases and Kinetic Molecular Theory 
Launch Activity

What are some key characteristics of solids, liquids and gases in regards to spacing, potential of movement, and filling a container?
Think about

· In which phase is there the least spacing?

· In which phase is there the most potential for movement?

· Which phase(s) do(es) not have a definite shape?
	
	Solid
	Liquid
	Gases

	Spacing
	
	
	

	Potential for movement
	
	
	

	Filling a container
	
	
	


How would you describe the behavior of gases?
· How do they differ from solids and liquids?
· How do the molecules interact with each other?
· What happens if you keep filling a balloon?
Kinetic Molecular Theory
· In 1860, Two scientists developed the 








 to explain the behavior of gases and the relationship among 



,           



, 



 and 





         in a gas sample.

· The theory describes particle 




, 




 and 



.

· It is called “



” because the word kinetic means “


         ”.  

· Objects in motion have kinetic energy!

· Quick check – what is potential energy mean then? 





















Particle Size

· Gases consist of 





separated by empty space

· The volume of the particles is so small in comparison to the empty space, we say…

· The volume or size of the individual particles is 


or equal to 



Particle Motion

· Gas particles are in 







.

· Gas particles move in straight line (linear) motion until they 



with the boundary or with other gas particles

· Collision between gas particles are 



meaning no energy is lost.

· Particles are assumed to 


 attract or repel each other

Particle Energy

· Since all of the molecules are in linear motion, and therefore have a velocity, they possess kinetic energy as defined by the following equation:
Kinetic Energy = ½ (mass) (velocity)2
KE = ½ mv2
· 



 is simply a measure of the average 




 of the particles in a sample.
Let’s investigate these three vocabulary words we discussed in describing the behavior of gases. 

· 




Properties of Gases

1) Temperature: we use two scales to measure temperature:
· Celsius: 
· 



- temperature at which water freezes

· 



- temperature at which water turns to gas

· Kelvin (SI unit):
· 



 ​ - Absolute zero, where all motion stops!

· 



 ​ - temperature at which water freezes

· 



 ​ - temperature at which water turns to gas

· Converting from Celsius → Kelvin









  For example:  40ºC + 273 = 313K
· Converting from Kelvin → Celsius













  For example:  248 K - 273 = - 25ºC
2) Volume

· Volume is defined as the 








.

· The base unit for volume is the liter
· 1 liter (L) = 1000 milliliters (mL)
· 1 milliliter (mL) = 1 cubic centimeter (cm3)
3) Pressure

· Pressure is defined as the amount of 





of matter:

                                   Force
                Pressure = ----------
                                     Area

· Gas particles apply force on the container as particles collide with the boundary
· The SI unit for pressure is the 





named after Blaise Pascal (1623-1662) a French mathematician and philosopher.
· There are many traditional units for pressure:
· 





 (psi) – used for your tires!
· 





 (mmHg) – from barometers
· 





 – defined as the same as mmHg
· 





 – often used in pressure gauges
· 





 (atm)
Since there are so many units, we need to CONVERT
· Important pressure conversions

	
	


· Sometimes a problem will state that it is at STP.  This stands for Standard Temperature and Pressure (STP).  You must know that STP is:

· Standard temperature: 






· Standard pressure: 







· When doing these problems, be sure to be consistent with your pressure units!
Let’s practice:
Pressure Conversions:
1) The pressure atop the world’s highest mountain, Mt Everest is usually about 33.6 kPa.  Convert this pressure to atmospheres.  How does this compare to the pressure at sea level?

2) The atmospheric pressure in Denver, Colorado is usually about 84 kPa.  What is this pressure in atm and torr units?
3) Convert 2.5 atm to KPa
4) Convert 740 mmHg to atm
5) Convert 152.845 KPa to atm
Temperature Conversion Practice (Standard Temperature is 0 °C (273 K))

Convert the following temperatures from degrees Celsius to Kelvin

37 °C = _________
-25 °C =   _________
44 °C =
 _________
-115 °C
 _________


Convert the following temperatures from degrees Kelvin to Celsius 

100 K =
 _________
285 K =
    _________
45 K =
 _________
300 K =  _________

Volume Conversion Practice (1000mL = 1L)

Convert the following volumes from mL to L 

450 mL =   _________
     50 mL =    _________

300 mL =   _________

750 mL =   _________

Convert the following volumes from L to mL

0.2 L =   _________
   0.045 L =    _________

0.350 L =   _________

0.650 L =   _________

Demo One: What did you see?

What was the relationship between     


Pressure
 
Volume
What did we not change? (hold constant)


What is this law called?
Boyles Law: 
· Examines the behavior of gas under the condition of constant temperature. 

· As the volume containing gas particles is reduced, the particles are forced closer together. 
· Can be written as:


1 stands for initial conditions

2 stands for final conditions
· Boyles Law is an 






Boyles Law Problems:
Before solving each problem, predict if your value will increase or decrease.  Then solve.  Check your answer to see if it agrees with your prediction!

1. The gas in a 600 mL balloon has a pressure of 1.20 atm. If the temperature remains constant, what will be the pressure of the gas in the balloon when it is compressed to 400 mL?
2. An oxygen container has a volume of 48 mL and a pressure of 420 kPa. What is the volume of this gas when the pressure is 105 kPa?
3. A tank of compressed CO2 has a pressure of 850 psi and a volume of 150 mL. What is the volume of this gas when the pressure is 45 psi?
Demo Two: What did you see?

What was the relationship between     


Temperature
 
Volume
What did we not change? (hold constant)

What is this law called?





Charles Law: 
· Examines the behavior of gas under the condition of 





.
· As the volume containing gas particles is reduced, the particles must move slower to exert the same force over a smaller surface area. 
or
· As temperature is decreased, the particles would exert less force on the available surface area.  In order to restore the pressure lost through this process, the surface area has to be reduced to compensate. This is a direct proportion!
· Temperature must be in 

· Can be written as: 





1 stands for initial conditions

2 stands for final conditions
· Charles Law is a 






Charles Law Problems:
Before solving each problem, predict if your value will increase or decrease.  Then solve.  Check your answer to see if it agrees with your prediction!

1. A 240 mL sample of argon gas at 270 K is cooled until the volume is 180 mL. What is the new temperature?
2. A container of oxygen with a volume of 60 L is heated from 300 K to 400 K. What is the new volume?
3. When a piston with a volume of 35 mL is heated from 25ºC to 323ºC it expands. Assuming the pressure on the piston remains the same, determine the new volume of the cylinder.
Demo Three: What did you see?

What was the relationship between   


Temperature


Pressure

What did we not change? (hold constant)

What is this law called?
Gay-Lussac’s Law :
· Examines the behavior of gas under the condition of 






· An increase in temperature increase the collision frequency and energy, thus increasing pressure. This is a direct proportion!
· Can be written as: 

1 stands for initial conditions

2 stands for final conditions
· Gay-Lussac’s Law is a 






Gay-Lussac’s Law Problems:
Before solving each problem, predict if your value will increase or decrease.  Then solve.  Check your answer to see if it agrees with your prediction!

1. Determine the pressure change when a constant volume of gas at 1.00 atm is heated from 20.0 °C to 30.0 °C.
2. A gas has a pressure of 0.370 atm at 50.0 °C. What is the pressure at standard temperature?
3. A gas has a pressure of 699.0 mm Hg at 40.0 °C. What is the temperature at standard pressure?

Demo Four: What did you see?

What was the relationship between  
Temperature            Pressure              Volume
   


What did we not change? (hold constant)

What is this law called?
Combined Gas law

· Combines all three gas laws and allows us to solve for 




.

1 stands for initial conditions

2 stands for final conditions
Combined Gas Law Problems:
Before solving each problem, predict if your value will increase or decrease.  Then solve.  Check your answer to see if it agrees with your prediction!

1. A canister containing air has a volume of 85 cm3 and a pressure of 1.45 atm when the temperature is 310 K. What is the pressure when the volume is increased to 180 cm3 and the temperature is reduced to 280K?
2. Air is transferred from a 75 L tank where the pressure is 125 psi and the temperature is 288 K to a tire with a volume of 6.1 L and a pressure of 25 psi. What is the new temperature?
3. A helium balloon at 28ºC has a volume of 1.8 L and a pressure of 102 kPa. What is the volume of the balloon when is rises into the atmosphere where the pressure is 85 kPa and the temperature is 4ºC?
Properties of Gases Questions
1. In a chemistry calculation what does the variable ‘P’ represent? List at least 5 possible units.
2. What does the variable ‘V’ represent? List at least 2 possible units.
3. When the pressure on a gas increases, its volume ______________.
4. What equation best describes the relationship between volume and pressure? What is this relationship called?

5. What does the variable ‘T’ represent? Which units are always used for this variable?
6. A gas is collected at 216ºC. What is the Kelvin temperature?
7. When the temperature of a gas increases, its volume ______________.
8. What equation best describes the relationship between volume and temperature? What is this relationship called?

9. The pressure on 100 L of a gas is doubled. The new volume will be _______.
10. The absolute temperature on 100 L of gas is doubled. The new volume will be ________.

Mixed up Gas Law Practice Problems
For each problem: identify the gas law used; predict if the value to be determined will increase or decrease.  Then solve.  Check your answer to see if it agrees with your prediction!

1. A scuba tank has a pressure of 19,300 kPa and a volume of 10.3 L. What would be the pressure of the gas if it were transferred to a 50.0 L container?
2. A balloon with a volume of 5.3 L is taken from an indoor temperature of 24ºC to the outdoors. The volume of the balloon outside is 4.9 L. Determine the Celsius temperature outside.
3. If a gas is cooled from 323.0 K to 273.15 K and the volume is kept constant what final pressure would result if the original pressure was 750.0 mm Hg?
4. The pressure of a piston with a volume of 650 cm3 and 85ºC is 830 torr. It is heated to 350ºC and compressed to a volume of 65 cm3. What is the new pressure?
5. A movable piston contains a sample of 680 mL of neon gas with a temperature of -5ºC. When the piston is heated the sample expands to a volume of 1.32 L. What is the new temperature of the neon gas?
6. A gas tank has a volume of 28.1 m3 and a pressure of 18.4 atm. The temperature of the gas is 32ºC.  What is the Celsius temperature when the gas is put in an 11.2 m3  tank with a pressure of 22.7 atm?

7. If a gas in a closed container is pressurized from 15.0 atmospheres to 16.0 atmospheres and its original temperature was 25.0 °C, what would the final temperature of the gas be?
8. Air fills a room with a volume of 5600 L. Atmospheric pressure is 740 torr. What will be the pressure if all of the gas is pumped into an 80 L tank? Convert this pressure to kPa.
9. A metal can is able to withstand 3800 kPa before it bursts.  The gas in the can has a volume of 235 mL and the pressure is 110 KPa at 25 ºC . If the can is crushed to a volume of 8.5mL and the temperature does not change, will it burst?  What is the pressure of the gas in the can? 
For gas law problems, we MUST use Kelvin in our calculations!
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