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SPECIFIC HEAT OF LAND VS. WATER—LAB ACTIVITY
Specific Heat, Differential Heating, and Cooling of
Land vs. Water
(Activity #2)
Purpose
Find out why sand always seems hotter than water at the beach during the day but cooler during the night.
Background
Water behaves in ways that are contrary to those of most substances. For example, water expands and becomes less dense as it freezes
(ice floats!), whereas, other substances become more dense when they transition from liquid to solid phase. These peculiarities contribute to making water a critical, essential resource for all life on Earth. The nature of water arises from its molecular structure.
The molecular structure of water creates an opportunity for hydrogen bonding between water molecules. These hydrogen bonds contribute to the high specific heat of water.
How quickly a substance heats up or cools down is determined by its specific heat. The specific heat of a substance is dependent on the molecular structure and phase of the substance. The stronger the bonds or intermolecular attractions, the higher the specific heat and the more energy is necessary to raise the temperature of a substance. Specific heat refers to the amount of energy needed to raise the temperature of 1 gram of a substance 1 degree Kelvin, and it is expressed in units of Joules per gram-degree Kelvin
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Often, specific heat  is measured on the Celsius scale in units of degrees.
The specific heat of water, 4.186 J/g°C, is often represented as its own separate measure, the calorie. Water requires more heat energy to increase in temperature than almost any other substance.
Calorimeters and Heat Capacity
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A calorimeter is a device used to determine the heat capacity of a substance (and from this information, you can determine the specific heat of a substance). A calorimeter works by using water or another liquid to absorb the heat given off by another substance. The temperature change of the liquid is used to calculate the heat exchanged. This information, coupled with knowledge of the mass and
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SPECIFIC HEAT OF LAND VS. WATER—LAB ACTIVITY
Background,
continued



the amount of heat absorbed by the liquid, enables us to determine both the heat capacity and specific heat of the substance.
Note: Specific heat is a property of a substance and is independent of the mass of the substance, whereas heat capacity depends on the mass of the substance. You can obtain the heat capacity of a quantity of a substance by multiplying its specific heat times the mass.
Another equation used to calculate the specific heat of a substance is:

where
Q = the amount of energy added (in Joules)
c = the specific heat of a substance
m = mass of the substance (in grams)
T = temperature (usually in degrees Celsius)
The high specific heat of water impacts the climate of regions that are located near large bodies of water because of the high heat capacity of that body of water.
Materials and Equipment Required



•  Xplorer GLX
•  heat lamp or 150 W incandescent lamp

•  PASPORT Temperature Probes (2)
•  (2) beakers, 250-mL

•  Small Tripod Base & Rod
•  clean, dry sand, 200 mL
•  Buret Clamp
•  water, 750 mL

•  balance
•  tongs

•  beaker, 500-mL
•  stirring rod

•  test tube, 18 x 250-mm, large
•  hot plate

•  disposable insulated cup (2) and lid
•  protective gear

Safety Notes
Remember, follow the directions for using the equipment.
Wear safety glasses and follow standard laboratory safety procedures. Be careful when handling hot objects.
Do not allow the wires from the equipment (Temperature Probe and
Xplorer GLX) to touch the hot plate at any time.
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Pre-Lab Questions
1.   Which will heat faster, water or sand?
2.   Which will cool faster, water or sand?
3.   Which substance has the higher specific heat?
Procedure
(Part 1)



Part 1:  Heating and Cooling — Water versus Sand
GLX Setup
1.   Plug the two  PASPORT Stainless Steel Temperature Probes into the side of the Xplorer GLX.
2.   Use the arrow keys (
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 ) to highlight the Flash folder, select the Flash folder (press  [image: image2.png]


 ), use the arrow keys to highlight the file, and then open (press F1) the GLX configuration file entitled
02 Specific Heat CF
3.   Open the Graph display (press  [image: image3.png]


 , F1).
Note: The sensors have been pre-set to collect data at a rate of once every 2 seconds.
Equipment Setup
1.   Put 200 g of sand into one 250-mL beaker, and 200 mL of water into the other 250-mL beaker.
2.   Place a Temperature Probe in each beaker. You can simply rest the Temperature Probe in the water on the side of the beaker. The tip of the Temperature Probe in the sand must be no more than 5.0 cm below the surface.
3.   Place the heat lamp so that the beakers are directly beneath it and so both beakers receive the same amount of energy from the lamp.
Record Data
1.   Press the Start/Stop key ( [image: image4.png]


 ) and record data in ambient light for 30 seconds.
2.   Turn on the light and record data for 15 minutes.
3.   Turn the light off. Record the time at which you turned off the light.
EXPLORATIONS IN EARTH & ENVIRONMENTAL SCIENCES
41
SPECIFIC HEAT OF LAND VS. WATER—LAB ACTIVITY
Procedure
(Part 1),
continued


4.   After 15 minutes have passed, press the Start/Stop key to end data recording.
Analyze
1.   Autoscale your Graph display and make a sketch of it on your data sheet.
2.   Open the Table display (press  [image: image5.png]


 , F2).
3.   Record the initial, maximum, and final temperatures for the water and sand in a data table such as the on shown below.
4.   Complete the calculations to fill in the data table.
5.   Save your GLX file (press  [image: image6.png]


 , select Data Files, press F2).
Result: Your GLX file will be saved in the RAM folder.
Note: Your teacher may ask you to rename your file so you can find it later.  If so, use the following procedure:
1.  Select the Files menu (press F4) and select Rename.
2.  Key in the new name, and press the Save key (F2).
Example Data
Table for Part 1


Water and Sand Measurements
Water
Sand


Temp initial
(°C)



Temp max
(°C)


∆Theating
(°C)



Temp final
(°C)



∆Tcooling
(°C)
Procedure
(Part 2)


Part 2: Specific Heat of Sand vs. Water
GLX Setup
1.   Plug the two PASPORT Stainless Steel Temperature Probes into the side of the Xplorer GLX.
From the Flash folder, open the GLX configuration file entitled
02 Specific Heat CF
2.   Open the Table display  (
, F2).
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Procedure
(Part 2)
continued


Equipment Setup
1.   Fill the 500-mL beaker about 3/4 full with water.
2.   Place the beaker on the hot plate, and turn on to the highest setting.
3.   Set up the tripod base & rod. Fasten a buret clamp just above the beaker.
4.   Fill the test tube halfway with sand.
5.   Find the mass of the sand. Record the mass of the sand.
Hint: You can calculate the mass of the sand in two ways.
1)  Find the mass of the sand and test tube. Subtract the mass of the test tube from the measurement you obtained for the mass of the test tube + sand.
2)  Find the mass of the sand directly before you put it into the test tube.
6.   Place one of the Temperature Probes into the middle of the test tube. Do not allow it to touch the bottom or sides of the test tube.
7.   Use the buret clamp to secure the test tube in the boiling water in the 500-mL beaker. Make
sure the sand in the test tube is below the level of the water.
8.   Make a calorimeter by nesting two disposable insulated cups. Measure 70.0 mL of room-temperature water. Place the two disposable insulated cups together and add the water. Use the other Temperature Probe to measure the temperature of the water.
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Procedure
(Part 2)
continued


9.   Make sure the lid has a hole in it that you can slide the Temperature Probe through.
Record Data
1.   Press the Start/Stop key ( [image: image7.png]


 ) and record data for the sand for
5 minutes.
2.   After 5 minutes have passed, press the Start/Stop key to end data collection. This is Run #1.
3.   Use tongs to remove the test tube. Quickly dump the contents of the tube into the water in the calorimeter (the nested disposable insulated cups). Immediately cover the disposable insulated cup with the lid.
4.   Immediately place the Temperature Sensor you used to measure the temperature of the water through the hole in the lid. Insert the stirring rod through the same hole. Using the stirring rod, stir the contents of the calorimeter thoroughly.
5.   Press the Start/Stop key and continue stirring the water/sand combination. Record data until the temperature starts to level off, then stop recording data. This process will take about 4 or 5 minutes, and the cooling should slow to about 0.1°C/10 seconds. This is Run #2.
Analyze—Part 2
1.   Use the arrow keys to navigate to the Run number, and select
Run #1.
2.   Record the Tinitial for the water (Hint: this is the maximum temperature for the water in Run #1) on a data table such as the one shown on the next page.
3.   Record the Tinitial for the sand (Hint: this is the maximum temperature for the sand in Run #1) on your data table.
4.   Select Run #2.
5.   Record the Tfinal for the water and sand (Hint: they are both the final (and minimum) temperature from Run #2) on your data table.
6.   Use your data to answer the Analysis/Synthesis questions.
7.   Follow your teacher’s instructions regarding cleaning up your work space and putting away the equipment.
44     EXPLORATIONS IN EARTH & ENVIRONMENTAL SCIENCES
SPECIFIC HEAT OF LAND VS. WATER—LAB ACTIVITY
Procedure
(Part 2)
continued


8.   Save your GLX file (press [image: image8.png]


 , select Data Files, press F2).
Result: Your GLX file will be saved in the RAM folder.
Note: Your teacher may ask you to rename your file so you can find it later. If so, use the following procedure:
1.  Select the Files menu (press F4) and select Rename.
2.  Key in the new name, and press the Save key (F2).
Data Table for
Part 2
Water and Sand Data and Calculation of the Specific Heat (c) of
Sand
Water
Sand


Mass
(g)


Tinitial
(°C)


Tfinal
(°C)


T
(°C)


Q
(J)


c*
(J/g°C)
*Hint: The value for c (specific heat) is given for water in the Background information and is calculated for sand in Part 2 of the Analysis questions below.
Analysis/ Synthesis Questions



Analysis questions
Part 1: Heating and Cooling—Water versus Sand
1.   Which substance heated the fastest?
2.   Which substance cooled the fastest?
3.   Describe the shape of the graph of Temperature versus Time for both buckets. Which has the greater rate of change?
Part 2: Specific Heat of Sand versus Water
1.   Use the information in the data table for Part 2 to calculate the amount of heat (Q) gained by the water in the calorimeter. Use the equation Q = mc∆T and write your answer in the data table for Part 2.
2.   Since the amount of heat gained by the water (Q) is equal to the amount of heat lost by the sand (Q) when you placed it in the calorimeter, you can use the value of the heat you solved for above to determine the specific heat (c) of sand. Write your answer in the data table for Part 2.
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Anaysis/ Synthesis Questions, continued


Synthesis questions
1.   What characteristic(s) of water accounts for its high specific heat?
2.   Describe the relationship between the specific heat of a substance and rate of temperature change.
3.   Ground covers (e.g., topsoil, tundra, sand, grass, etc.) vary in with regard to their specific heat. Why do you think this might be?
4.   Is proximity to a large body of water a major influence on weather patterns? Why or why not?
5.   Explain how the beakers you used in Part 1 act as models of ocean and land.
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