Absolute Zero Lab
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During the States of Matter unit we discussed the concept of “absolute zero”, the temperature at which all particle motion stops.  We know this does not occur at 0oC because we can easily move below this temperature.  We saw what happened to materials in liquid nitrogen (-196 oC), they got really cold but there is still kinetic energy left in the particles.

To determine where absolute zero occurs, we must first realize that gases are made up of mostly empty space.  The particles are so small that we can pretty much ignore their size (it’s a sig figs thing!).  It is the space between the particles that accounts for 99.999% of a gas’s volume.  What keeps this space between the particles is the fact the particles are constantly moving and bouncing off of each other. As we have seen in demos and labs when a sample of gas cools the volume decreases, because the particles are moving slower, and there is less space between them.  It follows then that if we cool the particles enough the particles would stop moving and volume would become zero.  While we can’t get this cold, we can measure the volume of a gas at different temperatures and extrapolate to determine theoretically what this volume should be.

Procedure:

There are two sealed syringes at each station, one with a small trapped air space and one with a larger one.  You will complete four measurements for each syringe:  

1.  Room Temperature

· Observe and record the volume of trapped air in the syringe, as well as the air temperature.

2.  Ice Bath

· Submerge the entire body of the syringe into the ice water for at least 30 seconds.  

· Compress the gas slightly by pushing the plunger down then release it and watch the plunger spring back. 

· When the plunger stops moving observe and record the volume of trapped air, along with the temperature of the ice bath.  Note – observe the volume through the side of the beaker. Leave the syringe in the bath while reading the volume.

3.  Warm Water Bath

· Submerge the entire body of the syringe into the warm water (50-60 oC) for at least 30 seconds.  
· When the plunger stops moving observe and record the volume of trapped air, along with the temperature of the water bath.  Note – observe the volume through the side of the beaker. Leave the syringe in the bath while reading the volume.

4.  Boiling Water Bath

· Submerge the entire body of the syringe into the boiling water for at least 30 seconds.  NOTE:  it is easiest to do this by holding the end of the plunger.  Be careful not to burn your hand on the steam.  Use a test tube holder if the steam is too hot!
· When the plunger stops moving observe and record the volume of trapped air, along with the temperature of the boiling water.  Note – observe the volume through the side of the beaker. Leave the syringe in the bath while reading the volume.

Data:  (In neat tables of course!)

Calculations:

Plot your temperature and volume of the graph provided.  Plot the data for both syringes on the same graph, but use different symbols for the two samples.  Draw a best fit line for each syringe with a very straight line (use a ruler!).  Extrapolate this line backwards to determine how cold you would need to get each syringe to obtain a volume of zero.

Questions:

1.  As the temperature of a gas decreases its volume _______________.  (This is known as Charles’ Law).

2.  Why does this happen?  (Don’t just say “because the temperature goes down.)  Explain in terms of the gas particles.

3.  What is temperature?

4.  Why must there be a bottom to the temperature scale?

5.  What happens to the particles at this bottom temperature?

6.  Why did you need to submerge the syringe completely in the water?

7.  What does it mean to extrapolate?

8.  Your value for “absolute zero” will be the point where your line crosses the x-axis (volume = 0).  Based on your graph, what is your value for each syringe in degrees Celsius?



Small volume ______________



Large volume ______________

9.  We did our measurements in degrees Celsius, but we have also discussed the Kelvin scale.  What would 0oC be on the Kelvin scale?  _____       100oC? _____      22 oC? _____ -78 oC _____

10.  When we are discussing the energy of gas particles, which is a more appropriate temperature scale, Celsius or Kelvin?  Explain your reasoning.

11.  If we used a gas with bigger molecules, why wouldn’t this affect our value for absolute zero?  (Hint – look at the opening paragraphs.)

12.  What are two possible sources of error for this lab, and how could you correct them?


