CHEMISTRY   I    LAB ACTIVITY
Mr. Walmer

Specific Heat Capacity of a Metal  -   Logger Pro  3.3 version
OBJECTIVES:

a.)  Use Logger Pro software to determine the specific heat capacity of a metal.

b.)  Determine the percent error in the specific heat capacity value.
c.)  Practice calorimetry

BACKGROUND THEORY

In this experiment, the chemist will use a calorimeter to determine the specific heat capacity of a metal.  A calorimeter is an insulated apparatus that restricts heat flow within a small environment to enable a more measurable temperature change.  In this case, a styrofoam coffee cup will function a calorimeter.

The fundamental principle of calorimetry is heat gained by one substance in the calorimeter is equal but opposite in sign to the heat lost by the other substance in the calorimeter.  Since heat flows from hot to cold, the substance at the higher temperature will be losing heat, whereas the substance at the lower temperature will be gaining heat.  The amount of heat that flows out of the calorimeter is assumed to be negligible.  In other words, we are assuming that there is not heat lost to the surroundings.

In order to calculate the specific heat capacity of the metal, a large mass of metal will be heated to close to 100 C and quickly transferred to a known quantity of water in the calorimeter.  Heat will flow from the metal into the water, raising the water temperature.  Eventually, the metal and the water will be the same temperature, at such time, the temperature will remain constant.  Since heat gained is equal and opposite in sign to heat lost, one can set up the following equation to calculate the specific heat capacity of the metal.

Heat gained      =     - heat lost

[ (mass of water) (Cp) ( ΔT)]   =  - [( mass of metal) (Cp) ( ΔT)]

Solving for Cp of metal one obtains

[ (mass of water) (Cp water) ( ΔT water)]    =     Cp metal

-[(mass of metal) (ΔT metal)]

Once the specific heat capacity of the metal is known, one can calculate the percent error in the result using the equation for percent error below:

/ experimental value    -   true value/   x 100 =

True value

In this case, the true value will come from a table of known specific heat capacity values.

PROCEDURE:

1.)  Set up a ring stand apparatus, using a large ring.  Make sure the ring is on right side up on the ring stand.
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2.)  Fill a 600 mL beaker with water (400- 500 mL), place the beaker on the ring and heat until boiling.

3.)  While the beaker is heating, one lab partner should weigh out 70 to 80 grams of metal unless the metal is aluminum in that case 40-50 grams should be weighed.  Record the exact weight of metal on your data table.  Then use a graduated cylinder to add exactly 50.0 milliliters of water to the styrofoam coffee cup.  Meanwhile, the other lab partner should be setting up the Vernier software.

4.)  Make sure the LabPro is plugged into an outlet and the USB port on the computer.  Attach the temperature probe to channel one on the LabPro.

5.)  On the desktop, double click the Logger Pro icon and allow the software to load.  Once loaded, close the dialog box that pops up.  Focus your attention to the upper left hand corner of the screen and look for the little mini picture of the LabPro.  If it is not there- get your instructor immediately and proceed no further.

6.)  Go the to the file menu, and open it, click on Chemistry with Computers.  Double click the first file (Endothermic and Exothermic Reactions) to open the document.

7.)  In the gray dialog box that pops up, use the drop down menu to select direct connect temperature probe instead of stainless steel temperature probe and click ok.

8.)  Go to the experiment drop down menu, and chose data collection.  Change the length of time for collection to 15 and the time to minutes.  Use the bar to slide the marker so as to collect somewhere between 5 and 7 temperature readings per minute.  Click OK.

9.)  When the water comes to a boil, transfer the metal to the large test tube carefully.  Place the test tube in clamp and clamp to the ring stand so the test with the metal in it is in the boiling water.  Be sure that all of the metal is below the level of boiling water.  Allow the tube to stand in the boiling water for 10 minutes.

10.)  While the metal is heating, fold a piece of paper towel into a rectangular strip and another into a square.  Moisten both with plenty of water.  Place the temperature probe in a thermometer clamp and place a lid on the temperature probe. Place the temperature probe well below the level of liquid water in the calorimeter and clamp into place.

11.)  On the Logger Pro screen click collect and collect temperature and time data for about two to three minutes. 
12.)  When there is an initial plateau of constant or near constant temperature, measure the temperature of the boiling water using an alcohol thermometer.  Turn off the burner and use the wet paper towels to loosen the clamp, and hold the test tube midway.  Quickly transfer all of the metal to the calorimeter and place the plastic lid on top of the calorimeter.
13.)  Allow the software and interface to collect time temperature data until there is a final plateau of constant or near constant temperature.

14.)  Click the stop button to stop collecting data.

15.) Look for the button with a large A in it- this is auto scale.  Click this button to autoscale the graph.

16.)  Look for the button with the word “stat” in it, now select the region of near constant temperature in the initial plateau using the mouse and click stat.  Click and drag the box to a location on the graph that does not cover any part of the plot.

17.)  Repeat this step for the final plateau.

18.)  Go to the file menu, and click on Print- this will print both the data table (time and temperature) and also the graph.  Go through the prompts entering your name and your lab partner’s name, and use Specific Heat Capacity of ______________  (insert the name of your metal here) for the footer.   Click ok to print.  Print two copies or three depending on the number of chemists in your lab group.

20.)  Clean up.

LAB REPORT FORMAT
Complete in INK or with a Word Processor!

Your lab report should include the following:

1.)  title

2.)  purpose

3.)  background theory- discuss the concepts of


Specific heat capacity


Calorimetry


Explain the calculation with a combination of words and mathematical equation

4.)  procedure -  written in the passive voice


For example:  The mass of the metal was determined.




Fifty milliliters of water was added to the calorimeter.

5.)  data table

6.)  Graphs from Vernier Logger Pro print out

7.)  Calculations-  

Calculate the specific heat capacity of the metal-  use significant figures to round off answer

Percent error  (see hand out describing the calculation)

8.)  Conclusion

Summarize your results (specific heat capacity of the metal you used from your lab data and calculation

Discuss reliability of your result by comparing to the true specific heat capacity of your metal

Sources of error-  identify two different errors- places where you know you went  wrong, and/or where you may have gone wrong and/or places in the procedure that are error prone

Error Improvement-  suggest a way to fix each of the errors you mention

OWEN J. ROBERTS HIGH SCHOOL
Laboratory Data Sheet

Budding Chemist:___________________________________________Date:_____________
Experiment:  Determination of the Specific Heat Capacity of a Metal____________________

	Attribute
	Measurement



	Mass of metal used
	

	Initial temperature of metal (boiling water temperature)
	

	Initial temperature of water in calorimeter (from Logger Pro)
	

	Final temperature of water in calorimeter (from Logger Pro)
	


Calculate the specific heat capacity of the metal.  Show all work and include all units.  Round answers to the correct number of significant figures.
