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Gas Laws Simulation

What factors influence the pressure of a gas in a container?

Gas is one of the states of matter. Gases expand or contract to fill the space available to them and can be squeezed into a smaller space. A gas has neither a definite shape nor a definite volume.
Gases consist of billions of tiny particles. When a gas is contained, these particles are constantly colliding and exerting pressure on the container. Pressure is the amount of force exerted per unit of area: P=F/A. The pascal (Pa) is the standard unit of pressure. Because this unit is so small, most pressures are given in kilopascals (kPa).

Purpose
· Observe the effect of changes in volume and pressure of a gas
· Observe the effect of changes in temperature upon the pressure of a gas

Discussion
Robert Boyle, an Irish scientist, found that the volume of a gas varies inversely with the pressure of a gas (Boyle’s Law). This means that if you increase the pressure of a gas, the volume will decrease. This law only holds true if the number of moles and the temperature of the gas are held constant.

This lab also investigates Gay-Lussac's Law, developed by Joseph Gay-Lussac, which relates how changing the temperature of a gas (which is kept at constant volume) affects the pressure of the gas. A direct relationship exists between these two variables. When the temperature is increased, the pressure also increases.

Go to the following website: https://phet.colorado.edu/en/simulation/gases-intro 
and download the app if necessary. Open the file and click on “Laws.”














Part 1: Volume vs. Pressure

Procedure: (Note, if you want to reset back to original conditions, click on orange arrow in a circle. If you click on the eraser, the particles will disappear.)
1. Click on the small red spheres and raise the bike pump (the pump should be red now.) Pump in two strokes. Click the “temperature” button on the top right of your screen. (This will hold the temperature constant.) Click on Width box. A scale will appear reading 10.0 nm. 
2. Look at the pressure gauge on the right side of the container. Switch the pressure gauge to read kPa. Switch the temperature to degrees C. 
3. Click and drag the handle on the box to change the length of the box to 5.0 nm. Record the length and the pressure in the data table on the next page.
4. Increase the length to 7.5 nm and record this and the pressure in the data table below.
5. Continue to increase the length by 1.5 nm and take readings. The max is 15.0 nm
6. Convert the pressure from kPa to atm. (1 atm =101.3 kPa)
7. Given that the box is 10.0 nm tall and 5.0 nm wide, calculate the volume in nm3.
8. Fill in the correct units next to the variables.
9. Reset to original conditions. 

	Length (       )
	Pressure (       )
	Pressure (      )
	Volume (        )

	
	

	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Part 2: Temperature vs. Pressure
Procedure:

1. Click on the small red spheres and raise the bike pump (the pump should be red now.) Pump in two strokes. Click the “volume” button on the top right of your screen. (This will hold the volume constant.) Click on Width box. A scale will appear reading 10.0 nm. 
2. Switch the pressure gauge to read kPa. Switch the temperature to degrees C.
3. Record the temperature and the pressure in the table below.
4. Increase the heat by moving the handle on the bucket toward heat. This one is a little harder to control. You can use the cooling “ice” in the bucket also. You want increase the temperature by about 350 degrees each time. If you get within ± 10 degree of your target temperature, record the temperature that you are reading along with the pressure. 
5. Record the temperature and the new pressure in the table below.
6. Continue to change the temperature and record both the new temperatures and new volumes. 
7. Convert the temperatures to K and the pressures to atm. 
8. Keep increasing the temperature and try to see how high of a pressure can be reached before the top blows off. 

	Temperature (     )
	Pressure (       )
	Temperature (    )
	Pressure (       )

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	





Questions Part 1:
1. What happens to the motion of the particles as the volume decreases? 




2. Using the data in your table, how do changes in the volume affect pressure when the temperature in the container remains constant?




3. Using the motion of the particles as you decrease the volume, explain why the pressure changes.




4. Using In science and mathematics, we describe the relationship between two variables (like volume and pressure) as either “direct” or “inverse”. In a direct relationship, if one variable increases in value, the other variable also increases. In an inverse relationship, if one variable increases, the other variable decreases.  From the data you collected, do you think volume and pressure are a direct relationship or inverse relationship? Why?






5. During the up-stroke of the piston of a lawn mower engine, the volume inside is greatly reduced. What effect does this have on the pressure of the gases inside?




6. You repaired a leak in your bike tire and your friend offered to let you connect a hose from one of his tires to the repaired tire. From what you have learned in this simulation, would you expect to be able to inflate your tire? Why or Why not?

Questions Part 2:

1. [bookmark: _GoBack]What happens to the motion of the particles as the temperature increases? 



2. Using the data in your table, how do changes in temperature affect pressure when the volume in a container remains constant?




3. Using the motion of the particles as you increase the temperature, explain why the pressure changes.




4. Using the data you collected, do you think pressure and temperature are a direct relationship or inverse relationship? Why?






5. Why is a warning placed on all spray cans stating: “do not incinerate even if empty” and “always store below 120 degrees F”?




6. When you examine your car tires on a cold morning, they seem slightly low. When you turn the car on, the low tire pressure light comes on. After you have driven your car to school, the light turns off. Why does this happen?


Pre-Lab Questions:

1. What is the equation for Boyle’s Law?


1. What is the equation for the ideal gas law? List what each variable represents along with the appropriate units (of the variables).







Show work for the next two questions. 
1. A hydrogen-filled balloon has a volume of 8.3 L at 36°C and 751 torr. How many moles of hydrogen are inside the balloon?











1. A nitrogen-filled balloon has a pressure of 610 torr at 28°C. What would the pressure be at 38°C if the volume remained the same?

