Charles' Law

Purpose:

Determine what will happen to the volume of a gas as the temperature is allowed to cool.  Using a graph of volume (length) vs. temperature, determine the value of absolute zero.


SAFETY:

Wear goggles and apron at all times while working in the laboratory. Be especially

careful when working around hot oil to avoid burns.

PROCEDURE:

1. Fasten a capillary tube to the lower end of a thermometer, using two rubber bands.

The open end of the tube should be placed closest to the thermometer bulb and 5-7

mm from the bulbs tip.

2. Immerse the tube and thermometer in a hot oil bath that has been prepared by your

teacher. Be sure the entire capillary tube is immersed in oil. Wait for your tube and

thermometer to reach the temperature of the oil (approximately 1250C). Record the temperature of the bath to the nearest 0.1 degree C.

3. After your tube and thermometer have reached constant temperature, lift them until

only about one quarter of the capillary tube is still in the oil bath. Pause here for about

three seconds to allow some oil to rise into the tube. Then quickly carry the tube and

thermometer (on a paper towel, to avoid dripping) back to your lab bench.

4. Lay the tube and thermometer on a paper towel on the lab bench. Make a reference

line on the paper at the sealed end and open end of the melting-point tube. Also mark the upper end of the oil plug. Alongside this mark, write the temperature to the nearest 0.1 degree at which the air column had this length.  
5. As the temperature of the gas sample drops, make at least six marks representing the

length of the air column trapped above the oil plug at various temperatures; write the

corresponding temperature next to each mark. Allow enough time so that the

temperature drops by 80 to 100 degrees. Because the tube has a uniform diameter,

length serves as a relative measure of the gas volume.

6. When the thermometer shows a steady temperature (near room temperature), make a

final observation of length and temperature. Discard the tube and the rubber bands

according to your teacher’s instructions. Wipe the thermometer dry.

7. Measure and record (in centimeters) the marked lengths of the gas sample as measured from the closed end o the tube.

8. Transfer data from paper towel into data table in your lab notebook.

9. Enter your data into MS Excel and graph your results using a scatter graph and trendline.

10. Make sure your graph extends until it crosses the x-axis where the volume would = 0. 

DATA PROCESSING:

Create data and graphs using Excel as directed. Make sure to print graphs for inclusion in

laboratory report.

CONCLUSION AND EVALUATION:

Please follow the normal process for writing a conclusion in our class
Checklist for data collection and processing of Charles Law Lab  --Our rubric for this lab
Aspect 1: recording raw data

□ I have recorded my data independently

□ I have data which is quantitative (numerical) and qualitative (direct obs.)

□ I have chosen a suitable format in which to record the raw data

□ The variable that is measured or recorded is clearly stated (e.g. in the column

    heading in a table).  It is clear what was measured.

□ The units are given for every variable (e.g. in any column headings)

□ An indication is given of the uncertainty of measurements (e.g. in any column

    headings)

□ A complete and descriptive title is given to any table that is used

□ The same level of precision (number of decimal places) is used for all the items of    

   a variable.

□  The measurements begin while the tube is still in the oil

Aspect 2: processing raw data

□ I have graphed/plotted the data using MS Excel 

□ A trend line has been drawn and the graph shows where the trend line crosses the  

   x-axis.

□ Error bars have been added to the trend line and show up on the graph.

□ The y = mx + b equation derived from the data is included.   The equation is solved 

    for y = 0 and the value of x has been calculated.  The set-up is shown.

Aspect 3: presenting processed data

□ I have decided upon a suitable format in which to present the processed data.

□ Any graphs have appropriate scales, labeled axes with units and accurately 

    plotted data points with a suitable best-fit line or curve

□ I have drawn other possible max/min trend lines to see the range of possible values  

    of y=0 based upon the error bars to determine the random error.

□ I have shown my set-up for the y = mx + b equation and clearly stated what the equation represents and what the x value represents including units.
□ I have calculated a % error on main trend -line value.
Checklist for conclusion and evaluation

Aspect 1: concluding

□ I have stated what my graph shows the value of absolute zero to be in the appropriate units.

□ I give a justification for my conclusion

□ I have compared the different (max/min) trend lines and discussed whether random error   

could explain any error in my measurements based upon where the max min lines across    the x-axis. 

□ I have compared my calculated value with the accepted value of absolute zero and 

   discussed whether this error could be attributed to random error or systematic error.  
Aspect 2: evaluating procedures

□ I have commented on the design and method of the investigation.
□ I have commented on the quality of the data.
□ I have listed the weaknesses of the process.
□ I have assessed the importance of each of these weaknesses.
□ I have suggested how these weaknesses have affected my results.

□ I have commented on the precision and accuracy of the measurements.
□ In evaluating the procedure, I have specifically looked at the processes, the use of

    equipment and the management of time.
□ I have not listed “human error” as a systematic error.

Aspect 3: improving the investigation

□ My suggestions for improvements are based on the weaknesses and limitations identified in aspect 2

□ I address modifications to the experimental technique.  These modifications are process centered.
□ The modifications that I propose are realistic and clearly specified

□ I have drawn a simple diagram hat shows how these changes might be implemented
