It’s Getting Hot In Here

Focus Question

Which heats up fastest – sand or water?

Activity Synopsis

Students use thermometers to measure the temperature of a bucket of sand and a bucket of water at specified time intervals.  The students will observe that it takes longer to heat the bucket of water than the bucket of sand.

Time Frame

The teacher will set the specified time intervals, so the length of the activity will vary.

Student Key Terms

· thermometer

· sand

· water

· heat

· temperature

· measurement

· heat capacity

· molecule

· atom

· covalent bond

· polar molecule

· electrons

· Hydrogen bond

Objectives

The learner will be able to:

· Use a thermometer to measure the temperature of two different substances – a solid and a liquid.

· Observe the difference in the amount of time it takes to heat the two different substances.

First Grade Standards Addressed

Science Standards


IA1a, IA3a, IA4a, IB1a & b, IVA1a, IVB1a, IVA4c 


*(If done in the window, rather than with a heat lamp) IIIA1b

Background

Relevant pages in:

Keener-Chavis, Paula and Leslie R. Sautter. 2002.  Of Sand and Sea: Teachings from the Southeastern Shoreline.  S.C. Sea Grant Consortium, Charleston, SC, pp. Chapter 2.

Key Points

Key Points will give you the main information you should know to teach the activity.

· A water molecule has two hydrogen atoms and one oxygen atoms connected by a covalent bond.

· Water molecules are polar and, therefore, there is a strong intermolecular attraction between water molecules.

· Due to the molecular structure, water has a high heat capacity.

· The temperature of a bucket of water will rise more slowly than the temperature of a bucket of sand.

Detailed Information

Detailed Information gives more in-depth background to increase your own knowledge, in case you want to expand upon the activity or you are asked detailed questions by students.

The unique properties of water resulting from its molecular structure allow life to exist on this planet. The water molecule is comprised of two hydrogen atoms and one oxygen atom (H2O).  The atoms are chemically bonded.  These chemical bonds result from each hydrogen atom sharing a negatively charged electron with the oxygen atom.  The oxygen atom strongly attracts the electrons and this unequal sharing of electrons forms a covalent bond, holding the water molecule together.  

The hydrogen-oxygen bonds from an angle of approximately 105(.  The shape of the molecule results in the oxygen portion of the molecule being slightly negative and the hydrogen end being slightly positive.  This creates a polar molecule because the negatively charged electrons are not shared equally in the asymmetrical molecule.  This polarity causes intermolecular attraction – i.e. water molecules are attracted to other water molecules.

The motion of molecules increases as the temperature increases.  (To visualize this on a larger scale, think of a cold-blooded animal – they move slowly when it’s cold and are much faster as the temperature begins to rise!)  Water temperature also affects the number of hydrogen bonds between water molecules.  More motion means fewer hydrogen bonds.  So, warm water has fewer hydrogen bonds than cold water.  

Cold water is denser than warm water.  As water begins to cool, more hydrogen bonds are formed due to the slower movement of the molecules.  The water molecules move closer together and therefore increase the mass per unit volume, or the density of the water.  Water reaches its maximum density at 4( C.  At lower temperatures, there are so many molecules connected by hydrogen bonds that the molecules actually begin to push apart!  Consequently, the solid ice is actually less dense than liquid water!  This is yet another unique property of water.  Since ice is less dense than liquid water, it floats.  Organisms are able to survive beneath the icy crust.  The ice sheet can actually act as an insulating blanket that slows the cooling of deeper water.

The hydrogen bonds between water molecules result in water having a high heat capacity.  Heat is a measure of molecular motion.  If water temperature increases, then the molecules move faster.  In order for the motion of the molecules to increase, energy is required to break the intermolecular bonds.  On the other hand, for the temperature of water to decrease, a large amount of heat must be removed to allow the hydrogen bonds to form, and consequently slow the molecular motion.  Now for the heavy science definition: for the temperature of one gram of water to be changed 1(C, the input or removal of 1 calorie is required.  (A calorie is a unit measure of heat.)   How is heat removed?  By evaporation, of course!  Evaporation releases heat and water vapor into the atmosphere.  This process happens when all of the hydrogen bonds of a molecule are broken, thereby allowing the molecule to escape into the atmosphere. 

The high heat capacity of water results from the hydrogen bonds. Temperature is a measure of molecular motion (moving around more = higher temperature). Water molecules are strongly attracted to each other; therefore it takes more energy to overcome these bonds and allow the molecules to move more freely. This is why the temperature of a bucket of sand would rise more rapidly than the temperature of a bucket of water.

How does this concept relate to sea breezes? As air above the land surface is heated by radiation from the sun, it expands and begins to rise, being lighter than the surrounding air. To replace the rising air, cooler air is drawn in from above the surface of the sea. This is the sea breeze, and can offer a pleasant cooling influence on hot summer afternoons when further inland the heat may become oppressive. Since the sea breeze owes its existence to the enhanced heating of the land under the sun, it follows that at night, when the land cools faster than the sea, a land breeze may develop. In this case, it is air above the warmer surface water that is heated and rises, pulling in air from the cooler land surface. (Final paragraph from: http://www.doc.mmu.ac.uk/aric/eae/Weather/Older/Sea_Breeze.html).

Procedures

Materials

· Two buckets

· Sand (enough to fill one bucket)

· Water (enough to fill one bucket)

· Thermometers

· An apple (or other fruit)

· A canned soft drink (or any liquid)

Procedure

1. If your students have not used a thermometer, begin this activity by introducing thermometers.  What equipment do we use to measure temperature?  Do their parents watch the news to see the weather?  How do we know that it is “90(” outside?  Does anyone have a thermometer on the outside of his or her house?  What is the thermometer measuring (the temperature of the air)?  Whose parents have put a thermometer in your mouth when you’re sick?  What does the thermometer tell your parents (the temperature of your body)?

2. Explain to the students that today they will use a thermometer to measure the temperature of a bucket of sand and a bucket of water.  Is the sand a solid or a liquid?  Is the water a solid or a liquid?

3. Fill the buckets.  You may place the buckets under a heat lamp, or, on a sunny day, in the window.  Determine the amount of time you will wait between measurements and determine how the students will take turns to measure the temperature.  (We have also done this activity using two cups placed on an overhead.)  Measure the temperature of the sand and water prior to beginning the experiment!  Also make sure that the thermometers are sitting at approximately the same level in each of the buckets.

4. Have the students use the data sheet to record the time of day and the temperature of the sand and the water.  They may begin by drawing a picture of a water drop in the water column and a grain of sand in the sand column.

5. Ask the students: what is causing the sand and water to warm up (either the sun or the heat lamp)?  What is the source of heat for the earth (the sun)?

6. Lead a discussion about the results of the experiment.  Which bucket reached a higher temperature first?  After the second measurement, what was the temperature of the bucket of sand?  The bucket of water?

7. Alternatively, you may have the students record the starting temperature of the sand and water, then record the temperature of the sand after a determined time interval, and calculate which of the two heated up the most in that time interval.

Extension:

Put the buckets into a dark closet and have the students periodically check the temperature of the buckets.  Which substance cooled faster?  When does the earth cool down (at night when the sun “goes down”)?

Assessment

On a table, place the fruit (you may want to pre-pierce the fruit with a hole large enough for the thermometer to enter), the canned soft drink, a thermometer, a scale or balance, and a ruler.  Tell the student that you want to know the temperature of the solid.  Which of the objects is a solid?  (You may want to prompt the student to clarify between the can being a solid and the material inside as a liquid.)  Which instrument would you use to measure temperature and what is the temperature of the solid?  Then, tell the student you need to know the temperature of the liquid.  Which instrument should he use and what is the temperature? Put the solid and the liquid underneath a heat lamp (or on top of an overhead).  After a set time interval, have the student measure the temperature again.  Which of the substances heated more rapidly?

Mastery/Nonmastery: The student correctly identifies the solid and the liquid.  The student chooses the correct instrument to measure temperature.  The student correctly measures the temperature of each substance.  The student correctly calculates which of the substances heated up more rapidly.
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Members of the COASTeam Aquatic Workshops development team include: Katrina Bryan, Jennifer Jolly Clair, Stacia Fletcher, Kevin Kurtz, Carmelina Livingston, and Stephen Schabel.

	Time of Day

Ex. 10:00 a.m.
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