USING CHARLES’S LAW TO DETERMINE ABSOLUTE ZERO

http://faculty.rpcs.org/millerd/Chemistry%20R/Labs/Charles%20Law%20Lab.htm 
Have you noticed that the tires on an automobile appear to be a little flat on a cold winter’s day? Conversely, a balloon inflated in a cold room will expand when taken into a warm room. These observations suggest that there is a relationship between the temperature and volume of a gas.

The volume-temperature relationship is quantified in Charles’s Law. The law states that as the temperature of a gas decreases, the volume of the gas decreases proportionally. An ideal gas, for example, would decrease in volume by 1/273 of its original volume for each Celsius degree the temperature decreases. If the temperature decreased sufficiently, the volume should decrease to zero. Real gases, however, liquefy and solidify long before this theoretical limit, called absolute zero, is reached. By using air as a sample of a real gas and limiting the temperature range, it is possible to estimate the temperature that would correspond to absolute zero.

In this experiment, you will measure the volume of a sample of air at a variety of temperatures and analyze the data to determine the relationship between the temperature and the volume of a gas. You will also extrapolate from your experiment data to determine absolute zero – the temperature at which gas theoretically has no volume.

Pre-Lab Questions:

On a clean sheet of paper set-up for your lab (Title, page headings)

1. Restate the purpose of the lab in your own words, and write out Charles’ Law in mathematical form. 

2. Write a hypothesis.  Remember to include both a prediction and justification.  You should predict the relationship and absolute zero.

3. Identify variables (independent, dependent and constant variables)
4. Procedures: After reading through the procedures, write a brief explanation, with diagrams explaining what you are going to do in less detail.  You should address the following:

a. Why you are using different temperature water baths

b. When and why you hold the end of the pipet closed.  (explain step 7)
c. How you will calculate the total volume of the gas at each temperature. (explain step 8)

5. Data: Set up data table to collect all necessary data     

a. Total drops of water in pipette at room temperature (3 trials)
b. Room temperature in Celsius and in Kelvin

c. Total drops of water in pipette for each trial for each temperature

d. Total volume for each temperature (add a + c)

Purpose:

· Demonstrate the relationship between the temperature of a gas and its volume. 

· Graph the relationship between volume and Celsius temperature and between volume and Kelvin temperature. 

· Estimate the temperature of absolute zero by extrapolation. 

Materials:

Goggles            
Thermometer

Hot plate         
 2   400 mL beakers

Thin stem pipette  
Timer or stopwatch

Paper towel

Procedure: 
Job 1: Calibrating the Pipette
1. Obtain a pipette.  

2. Pull the end off to make it smaller (this will be demonstrated)

3. Name and label your pipette w/ permanent marker

4. Completely fill the pipette with water (see hint 1 below)

5. Expel the water one drop at a time and count the drops. (see hint 2 below)

6. You need to do this at least two times to see if you get the same results.  

Hint 1: To make sure the pipette is filled, first draw in as much water as possible by squeezing the bulb. Then, holding the pipette by the bulb with the stem pointing upward, slowly squeeze the bulb to eject any air left in the bulb. Keep this pressure on the bulb, bend the stem of the bulb and place the tip of the step into the breaker of room temperature water. Release the pressure on the bulb, and the pipette will fill completely. Repeat this procedure, if necessary, until no air remains in the bulb or step of the pipette. 

Hint 2 : You may want to drop the droplets in a line along the desk in 

case you lose count.  There will be around 200-300 drops

Job 2: Set up hot water baths 

1. Fill two 400 mL beakers half to 2/3 full with tap water. 

2. Determine room temperature and record it in your data table. 

3. Begin heating the water in one beaker to a temperature that is 5 °C above room temperature. 

Job 3: Set up graphs
1. Using Excel or Graphical Analysis in the science folder, set up the data tables for each graph (proper labels, units, titles, scales) 
2. You will be plotting the relative volume (in drops) versus temperature (in Kelvin). 

3. You will also be plotting a second graph using the same data, but using degrees Celsius as the unit of temperature. Begin the volume scale at 0 drops, but start the temperature scale at –300 °C. 
Job 4: Taking Data

4. Holding the empty pipette by the stem, immerse the bulb in the warm water for 2 minutes so that the air in the pipette reaches the temperature of the water.  Do not submerge the whole pipet, some of the stem should stick out of the water. Make sure the temperature remains 5°C above room temperature. This may involve removing the beaker from the hot plate or adding cool water. 
5. Before removing from the warm water, pinch the stem of the pipette to seal off the bulb by bending the stem downward. Make sure you keep the pipette sealed. 
6. Place the bulb in the other beaker of water, which is at room temperature. 

7. Still pinching the stem, immerse the entire pipette, including the stem in the water. Release the stem underwater. A small amount of water should be drawn up into the pipette. This water is equal in volume to the amount of gas lost when the pipette bulb was heated and the air inside it expanded. 

8. Remover the pipette from the beaker. Dry the outside of the pipette with a paper towel. 
9. Expel the water, counting the number of drops of water that were drawn into the pipette. 
10. Add this number of drops to the initial volume (the number of drops you counted in step 5) and record this volume in your data table. 

11. Repeat this procedure at a temperature that is 5 °C above the previous trial until the water temperature is about 40 °C. Record your temperature and the corresponding volume for each trial. 

Analyzing Data: 
1. (5 pts) Plot a graph of the relative volume (in drops) versus temperature (in Kelvin). Remember, the independent variable always goes on the x-axis.
2. (1 pt) Draw a best-fit straight line through the data points. 

3. (5 pts) Plot a second graph using the same data, but using degrees Celsius as the unit of temperature. Begin the volume scale at 0 drops, but start the temperature scale at –300 °C. 
4. (1 pt) Again, draw a best-fit straight line through the data points. 
5. (1 pt) Write the equation for your line of best fit (Celsius graph).  

6. (2 pts) Calculate the temperature at which volume is zero. 

7. (2 pts) If not already done for you by the computer, use dashes to extend the straight line from the lowest data point to the horizontal axis. According to your graph, what is the Celsius temperature at which the volume would be equal to 0? 

8. (3 pts) Calculate a percent error for your estimate of absolute zero. 

Conclusion and Error Analysis:
1. (1 pt) Summarize the purpose of this experiment.

2. (2 pts) Does your data support your hypothesis? (Does it show the expected relationship and correct value for absolute zero?) Refer to data to defend your claim. 

3. (5 pts) Interpret the results of this lab in terms of the kinetic molecular theory of gases.
4. (1 pt) If you percent error is less than 15% you can say that your results are valid.  Are your results valid? 

5. (4 pts) What are the two most significant errors that contributed to your results? Please explain why they were errors – don’t just list them. 
6. (2 pts) The pressure did not vary during the experiment, because all the trials were performed at constant room (atmospheric) pressure. If the pressure had varied, how would it have affected your results? EXPLAIN. 

Graphs must 

· Be scatter plots (NO BAR GRAPHS or line graphs)

· Have x and y-axis labeled with correct units.  

· Have temperature on the x axis.  

· Have a title

· Have a line of best fit

Grading: 

Title and formatting (5 pts)

Purpose (5 pts)

Hypothesis (10 pts)

Variables (5 pts)

Procedures (10 pts)

Data (15 pts)

Analysis (20 pts)

Conclusion (15 pts)
