Gas Laws Inquiry Lab

Introduction
Four key variables are used to define an ideal gas: pressure, volume, temperature, and quantity (moles). Pressure and temperature can be measured directly using scientific devices, while quantity and volume required additional manipulations. In this activity, you will examine and identify the relationships of these variables to one another. 
Purpose
to determine relationships between variables of an ideal gas

Materials
TI-84+ SE calculator
EasyLink

pressure sensor

balloons

ice



hot plate

2 400 or larger beakers
tap water

crucible tongs

zinc


100 or 150 mL beaker
baking soda
1M HCl


3M HCl

vinegar


24-well plate

forceps


10 mL graduated cylinder

Procedure
Station 1: Pressure and Volume
1. Connect the EasyLink to the calculator and the pressure sensor as indicated in the following diagram. The units of pressure can be atm, kPa, or mm Hg. 

2. With the 20 mL syringe disconnected from the pressure sensor, move the piston of the syringe until the front edge of the inside black ring (indicated by the arrow in Figure 1) is positioned at the 10.0 mL mark. 
3. Connect the syringe to the pressure sensor. Record this initial pressure.
4. Move the piston to a volume above 10.0 mL. Record what happens to the pressure as compared to the original 10.0 mL volume’s pressure.

5. Move the piston to a volume below 10.0 mL. Record what happens to the pressure as compared to the original 10.0 mL volume’s pressure. 

Station 2: Volume and Temperature
1. Place the balloon filled with air into the ice bath with your crucible tongs. Keep it in the ice bath for 5 minutes. Record what happens to the balloon in the ice bath.

2. Remove the balloon from the ice bath. Place the balloon in the warm water bath for five minutes with your crucible tongs. Record what happens to the balloon in the warm water bath.
Station 3: Pressure and Temperature
1. Connect the EasyLink to the calculator and the pressure sensor as indicated in the following diagram. The units of pressure can be atm, kPa, or mm Hg. 

2. Fill the syringe with air up to 10 mL. Connect the syringe to the pressure sensor and record this initial pressure.
3. Disconnect the syringe from the pressure sensor. Submerge the syringe in a beaker of ice cold water for 5 minutes.

4. Remove the syringe from the beaker and dry it off with a paper towel. Connect the syringe back into the pressure sensor and adjust the volume of the syringe to 10 mL. Record what happens to the pressure as compared to the initial pressure reading.
5. Again, disconnect the syringe from the pressure sensor. Submerge the syringe in a beaker of heated water for 5 minutes.

6. Remove the syringe from the beaker and dry it off with a paper towel. Connect the syringe back into the pressure sensor and adjust the volume of the syringe to 10 mL. Record what happens to the pressure as compared to the initial pressure reading.

Station 4: Pressure and Quantity
1. Obtain two comparable pieces of zinc from the container at your lab bench using forceps and add each piece to a separate well in a 24 well plate.

2. Set up the timer program on the calculator.

3. Add 10 drops of 1 M HCl to one of the wells containing zinc, and start the timer program. The gas bubbles are representing the amount of gas produced in this reaction.

4. Stop the timer program when the reaction no longer is producing gas bubbles and record the time elapsed.

5. Reset the timer program on the calculator.

6. Add 10 drops of 3 M HCl to the other well containing zinc, and start the timer program. 

7. Stop the timer program when the reaction no longer is producing gas bubbles and record the time elapsed.

Station 5: Volume and Quantity
1. Measure 1.0 g of baking soda using the balance. Add the baking soda to a balloon at your lab bench using a funnel. 

2. Repeat step 1 for the second balloon at your lab bench.

3. Measure 5 mL of vinegar with a graduated cylinder. Add the vinegar to one of the Erlenmeyer flasks at your lab bench. 

4. Repeat 10 mL of vinegar with a graduated cylinder. Add the vinegar to the other Erlenmeyer flask at your lab bench.

5. Attach the balloons to the Erlenmeyer flasks. Stand the balloons up and swirl the Erlenmeyer flasks so that the baking soda reacts with the vinegar. Make sure all of the baking soda gets into the Erlenmeyer flasks.

6. Compare the size of the balloons, and record your observations. 
Data
Station 1: Pressure and Volume
Initial Pressure: ___________

Change in pressure at volume above 10 mL: _______________

Change in pressure at volume below 10 mL: _______________

Station 2: Volume and Temperature
Observations of balloon in ice bath: ___________________________
Observations of balloon in warm water bath: ______________________________

Station 3: Pressure and Temperature
Pressure of room temperature air: ______________

Change in pressure of ice bath water: ______________________

Change in pressure of warm bath water: ______________________

Station 4: Pressure and Quantity
Elapsed time for zinc and 1M HCl: __________

Elapsed time for zinc and 3M HCl: __________

Station 5: Volume and Quantity

Observations: ________________________________________________________

___________________________________________________________________

Data Analysis
1. How did the pressure of the air change as the volume was manipulated?

2. How did the volume of the balloon change as the temperature changed?

3. How did the pressure of the air change as the temperature changed?

4. How did the amount of bubbles as indicated by elapsed time change as the quantity of HCl increased?

5. How did the volume of the balloon change as the amount of vinegar increased?

Results and Conclusions
1. Based on your data, what type of relationship exists between pressure and temperature?

2. Based on your data, what type of relationship exists between pressure and volume?

3. Based on your data, what type of relationship exists between volume and temperature?

4. Based on your data, what type of relationship exists between pressure and quantity?

5. Based on your data, what type of relationship exists between volume and quantity?

6. The ideal gas law is PV=nRT. How do the relationships between gas variables you have identified in this lab compare to the ones described in this gas law?

7. What did you think of this lab? Should this lab be done next year?
