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Under Pressure

Discussion
According to Boyle’s Law, the volume of a fixed amount of a dry gas is inversely proportional to the pressure, if the temperature remains constant.  Boyle’s Law may be stated mathematically as P is proportional to 1/V or PV= k (where k is a constant).  An understanding of Boyle’s Law is useful in cooking at high altitudes.  If a standard sea level recipe is used to prepare a cake at an altitude of 1000 meters (3300 feet) the cake will be flatter than expected.  At the reduced barometric pressure of the high altitude, the gas bubbles causing the cake to rise will expand so much that they will escape from the batter.  The batter will then collapse because it is too thin to entrap these much larger bubbles of gas.  Thus, Boyle’s Law predicts a fallen cake.  To compensate, high altitude recipes suggest adding more flour to the batter to increase its viscosity.  This entraps more of the carbon dioxide gas and results in a tender, fluffy cake.


Purpose
This experiment is a straight application of Boyle’s Law, P1V1=P2V2 at constant temperature and moles of gas.  The student will determine the pressure in a bottle of soda pop using Boyle’s Law.


Materials
Unopened 500 mL plastic bottle of soda		100 mL graduated cylinder
	(at Room Temperature)			10 quart plastic bucket
Permanent marker					Tap Water (at Room Temp)


Procedure
Bring to class any unopened 500 mL (20 oz) bottle of soda pop that is at room temperature.  Consult other lab groups and try to purchase different flavors/types.  Seltzer, diet sodas and fruit flavors will have different results.  Even Pepsi and coke will have different results.

1. To prevent getting any soda in your eyes or on your clothes, wear goggles and an apron.  
2. Remove any label from the bottle.
3. With the bottle on a level surface, use a permanent marker to trace around the bottle at the liquid leve.  Do the marking from eye level.
4. Immerse the bottle upside down in a 10 quart bucket of water.  Open the screw cap on the bottle to release the internal pressure.  [Remember – the bottle is upside down, so it is “righty loosy, lefty tighty,” which is the opposite of when it is right side up.]  Hold the bottle upside down for 3 minutes to allow the pressure to equalize.  With the cap off, raise or lower the bottle in the water so that the level of the soda in the bottle is even with the level of water in the bucket.
5. Without removing the bottle from the water in the bucket, tightly close the cap and remove the bottle from the water.
6. Dry the bottle and stand it upright on a level surface.  With the permanent marker trace the liquid level in the bottle now.
7. Empty the bottle in the sink.  Refill the bottle with water to determine the maximum volume of the bottle, the volume of liquid in the bottle before it is opened, and the volume of the liquid after the bottle was opened under water.  Record in the data table.
8. Record on the board the brand of soda and the calculated pressure.

[bookmark: _GoBack]Data Table
	GAS VOLUME IN THE SODA POP BOTTLE

	Brand of Soda Pop Used
	

	Maximum volume of bottle
	mL

	Volume of liquid in bottle before opening
	mL

	Volume of liquid in bottle after opening
	mL

	Initial volume of gas in bottle, V1
	mL

	Final volume of gas in bottle, V2
	mL



Calculations
Show all calculations on a separate sheet of paper or as directed by your instructor.

1. Using the data in the data table, determine to the nearest 0.5 mL the initial volume of gas above the liquid.  This is the volume of gas at high pressure.





2. Determine the final volume of the gas above the liquid after the bottle was opened.  This is the volume of gas at atmospheric pressure.





3. Assume that atmospheric pressure is 1.0 atm.  Calculate the pressure of the unopened bottle using Boyle’s Law.






Questions
Answer as complete sentences on a separate sheet of paper or as directed by your instructor.

1. Using the internet, determine what gas is used in the bottling of soft drinks.




2. Why are pressures higher than atmospheric pressure used in bottling soft drinks?






3. Compare and contrast pressure determined for the different brands of soda used in this experiment.





4. Use an advanced chemistry textbook, or the internet to find a statement of Henry’s Law.  Does the gas in the bottling of soda pop obey this law?  Explain.  
