TITLE:    MOLECULES and TEMPERATURE
AUTHOR:   Kathy D. Baim, Holy Rosary Elementary,

          Idaho Falls, Idaho

GRADE LEVEL:   Appropriate for Primary Grades

OVERVIEW and PURPOSE:  The study of molecular concepts, especially their movement and relationship to temperature, is difficult for primary children to grasp.  Through language arts, science experiment and movement activity, students will gain an understanding of temperature and molecular movement.

OBJECTIVES:  Students will be able to:

1.  Explain that molecules are in everything living and nonliving.

2.  Explain that molecules are too small to see but we can watch their movement.

3.  Demonstrate molecular movement in hot and cold water and explain temperature rise and fall depending on molecular movement.

4.  Through oral and written expression demonstrate an understanding of the following vocabulary words: temperature, molecule, movement, molecular movement, particle, rise and fall.

5.  Through movement activity, demonstrate molecular movement as pertaining to rising and falling temperature.

RESOURCES/MATERIALS NEEDED:

Hot as an Ice Cube by Philip Balestrino

Two clear cups/bowls and food coloring

Observation page (see below)

ACTIVITIES AND PROCEDURES:

A.  Read Hot as an Ice Cube by Philip Balestrino

    Concepts to develop:

    1.  Temperature is a measure of how hot or cold something is.

    2.  Adjectives to describe temperature such as hot, cold, warm, lukewarm, chilly, sizzling and freezing.

    3.  Heating something makes its temperature rise. As it cools off its temperature falls.

    4.  Everything is made of tiny particles called molecules.

    5.  Molecules are always moving.

    6.  The faster the molecules in something move, the hotter it is.  The more you heat something, the faster the molecules move.  This is what causes its temperature to rise.

B.  Experiment-To see that molecules of water move faster when the water is hot.

1. Put water in two clear cups/bowls (one hot, one cold).

2. Allow the water to sit for a moment to stop movement.

3. Carefully put a drop of food coloring into the middle of each cup.

4. Observe the molecules move the food coloring around (rapidly in hot water, slowly in cold water).

C.  Observation page:

Name:  ______________________  Date:  _________________

Material:  ____________________________________________

Procedure (What I did): _______________________________

A picture of what I saw:

Here are things I noticed:

_______________________________________________________

TYING IT ALL TOGETHER:

Extension Activity:  Small groups of children act out being molecules.  They start out as frozen water (clustered very still as frozen water molecules). Pretend the temperature is gradually rising until it reaches boiling (children move around rapidly) and then let the temperature fall again.

http://www.col-ed.org/cur/sci/sci145.txt
Bernouli’s Principle
Bouncing Balloon
For this experiment you will need: 

• an electric hair dryer with circular nozzle 
• a balloon 
• a table tennis ball

Procedure:
· First, blow up the balloon and tie off the end. Hold the balloon out at arm’s length and let go of it. Does it stay there, or drop?  

· Next, hold the balloon above your head at arm’s length, then blow hard at it as you let go. Can you keep the balloon in the air? 

· Now hold the hair dryer in one hand, turn it on, and point it up toward the ceiling. Place the balloon in the stream of moving air, and let go. Does the balloon fall to the ground or stay up? Why does this happen? 

· Experiment further with the hair dryer. If you tilt the nozzle slowly a little to one side, does the balloon stay in the air stream? Can you bring the nozzle back to vertical and make the balloon follow? How far can you tilt the nozzle before the balloon falls? What causes the balloon to stay in the stream of moving air? 

· Finally, try placing a table tennis ball in the air stream created by the hair dryer. Does it float? If your hair dryer is powerful enough, the ball will float in the stream just like the balloon. Can you place both the balloon and the table tennis ball in the air stream at the same time? Which object must be placed on top for them to both remain floating? Why is this the case? 

· When you first let the balloon go, it sinks because it is denser than the surrounding air. (Why do balloons filled with helium rise?) However, the balloon is just a little denser than air, so you were able to keep it from falling by blowing on the bottom of the balloon, either by mouth or with the hair dryer. The column of moving air pushes on the bottom of the balloon, forcing it to rise. The effect is the same in either case, but the hair dryer doesn’t run out of breath. 

· But what happened when you tilted the nozzle of the hair dryer? If the balloon were simply held up by the column of air, it would have fallen down when you tilted the nozzle. Instead, the balloon followed the column of air when it moved—so something else must be happening.

· The reason the balloon stays in the moving stream of air has to do with Bernoulli's Principle. Bernoulli's Principle says that the pressure decreases inside a stream of flowing air. When the balloon begins to move out of this low pressure stream, the higher pressure of the air in the room pushes it back into the moving stream. When you tilt the nozzle, the pressure in the room is still high enough to push the balloon back into the air stream, even if the moving air stream is at an angle. Eventually, at a large tilt, the force of gravity will become greater than the force of the air pressure holding the balloon in the stream, and the balloon will fall. 

· Let’s consider an alternate explanation: could it be that the balloon is held up by the heat of the warm air from the hair dryer? This is a reasonable guess, since we know that hot air balloons float. In fact, hot air balloons have been around since 1783. Hot air balloons are able to float high in the air, because when the air inside a hot air balloon is heated, it expands, making it less dense than the surrounding air. This causes the balloon to float up to a higher altitude, where the air is less dense. 

· How can you test this explanation? If you can, turn off the heat on the hair dryer, and repeat the experiment. Are you able to keep the balloon afloat without the use of hot air? Actually, when you think about it, the heat from the warm dryer makes the air outside the balloon warmer than the air in the balloon. So this explanation isn’t correct.

Wind Tube 
· For this part of the experiment you will need a WindTube from www.teachersource.com (also available as a Bernoulli Bag from www.arborsci.com).

· Stretch out the WindTube, and have someone else hold the closed end while you hold the open end. How many breaths does it take you to inflate the WindTube? 

· If you inflated the WindTube like most people inflate a balloon or paper bag, then it probably took a lot of breaths. If you use Bernoulli's Principle however, you can inflate the bag with a single breath! 

· Get all of the air out of the WindTube, and again have someone hold the closed end while you hold the open end. Hold the WindTube about a foot from your face, and hold the open end wide open. Blow one big, long breath (like you are blowing out birthday candles) straight down the middle of the WindTube and close the open end off when you are done. Did it work? How were you able to fill the WindTube with only one breath? 

· When you blow one breath straight down the middle, your moving breath creates a stream of low-pressure air, which pulls air from the room into the bag with it. Have you ever been on the side of the road when a big bus or truck sped by? You probably felt the rush of air that the vehicle was pulling along with it. Your breath acts in the same way when you blow into the WindTube. It pulls some of the room air with it, so that you are able to fill the entire bag with only one breath.

· Daniel Bernoulli was a Swiss physicist who lived from 1700 to 1782 and did pioneering work on the motions of fluids (“hydrodynamics”). A modern application of Bernoulli’s Principle is the shape of airplane wings, which in part generate “lift” by making the air on the top of the wing move faster than the air under the wing. 

· For more examples of applications of Bernoulli’s Principle, with good explanations, see http://www.nasm.si.edu/exhibitions/gal109/LESSONS/TEXT/TEASERS.HTM
http://scifun.chem.wisc.edu/HOMEEXPTS/bernoulli.htm
RUBBER BANDS AND HEAT

Just about everyone has used rubber bands, but few people have taken the time to observe the less obvious properties of these everyday objects. In this activity you will examine the thermal properties of rubber, that is, the behavior of rubber as it relates to heat, a form of energy. 

In the first experiment you will attempt to detect heat flow into or out of a rubber band. To do this, you need a rather sensitive heat detector. Fortunately, you have such a detector with you at all times. Surely, you've felt the heat of a flame or the cold of an ice cube. Therefore, you know that your skin is sensitive to heat flow. In this experiment, you will detect heat flow using some of your most sensitive skin, that on your forehead or on your lips. 

1. Place your thumbs through the heavy rubber band, one on each end. Without stretching the band, hold it to your forehead or lip. Does the band feel cool or warm or about the same as your skin? Repeat the test several times until you are sure of the result. 

2. Move the rubber band slightly away from your face, so it is not touching your skin. Quickly stretch the band about as far as you can and, holding it in the stretched position, touch it again to your forehead or lip. Does it feel warmer or cooler or about the same as it did when it was relaxed? 

3. Move the stretched rubber band away from you face. Quickly let it relax to its original size and again hold it to your skin. Does it feel warm or cool? 

4. Repeat the stretching and testing, and relaxing and testing several times until you are sure of the results. 

An object feels cool or cold to you when heat flows from your skin to the object. Conversely, an object feels warm or hot when heat flows from the object into your skin. If the stretched rubber band feels cool, then it absorbs heat from your skin. If it feels warm, then it gives off heat to your skin. If the band feels neither warm nor cool, then there is no detectable heat flow. These three cases can be represented as follows: 

	Case 1.
	 
	Relaxed Band + Heat [image: image1.png]


Stretched Band

	Case 2.
	 
	Relaxed Band [image: image2.png]


Stretched Band + Heat

	Case 3.
	 
	Relaxed Band [image: image3.png]


Stretched Band (No Heat)


Which of these three cases best describes what you observed? 

There is another way to test which of the three statements is correct. We can see what happens to the length of a rubber band if we heat or cool it. 

1. Hang one end of the rubber band from the wall or ceiling and suspend a weight from the other end of the rubber band. (What you use for a weight will depend on what is available. The weight should be heavy enough to stretch the rubber band, but not so heavy that it is likely to break the band. For example, hang the band over a door knob and suspend a hammer from the band.) 

2. Heat the rubber band with a hair dryer. Start the dryer and, when it has warmed up, turn its heat on the stretched rubber band. Does the stretched rubber band become longer or shorter when it is heated? 

Does this observation agree with what you found in the first part of the experiment? Doing an experiment several ways and checking for agreement in the results is an important strategy in science. 

When rubber is heated it behaves differently than most familiar materials. Most materials expand when they are heated. Consider the liquid in a thermometer. The thermometer works because the liquid expands when its temperature increases. Similarly, a wire made of metal, such as copper, becomes longer as it gets hotter. The expansion of metals with increasing temperature is the principle behind the functioning of home thermostats and of jumping discs. 

Whether a material expands or contracts when it is heated can be ascribed to a property of the material called its entropy. The entropy of a material is a measure of the orderliness of the molecules that make up the material. When the molecules are arranged in an ordered fashion, the entropy of the material is low. When the molecules are in a disordered arrangement, the entropy is high. (An ordered arrangement can be thought of as coins in a wrapper, while a disordered one as coins in a tray.) When a material is heated, its entropy increases because the orderliness of its molecules decreases. This occurs because as a material is heated, its molecules move about more energetically. In materials made up of small, compact molecules, e.g., the liquid in a thermometer, as the molecules move about more, they push their neighboring molecules away. Rubber, on the other hand, contains very large, threadlike molecules. When rubber is heated, the sections of the molecules move about more vigorously. In order for one part of the molecule to move more vigorously as it is heated, it must pull its neighboring parts closer. To visualize this, think of a molecule of the stretched rubber band as a piece of string laid out straight on a table. Heating the stretched rubber band causes segments of the molecules to move more vigorously, which can be represented by wiggling the middle of the string back and forth. As the middle of the string moves, the ends of the string get closer together. In a similar fashion, the molecules of rubber become shorter as the rubber is heated, causing the stretched rubber band to contract 

	For additional information, see CHEMICAL DEMONSTRATIONS: A Handbook for Teachers of Chemistry, Volume 1, by Bassam Z. Shakhashiri, The University of Wisconsin Press, 2537 Daniels Street, Madison, Wisconsin 53704.


http://scifun.chem.wisc.edu/HOMEEXPTS/rubberband.html
FIREPROOFING A BALLOON:

[image: image4.png]


Balloons are rather fragile things. You know that they must be kept away from sharp objects. The also need to be kept away from flames. A fire can weaken the rubber and cause it to burst. However, in this experiment you will find out how you can hold a balloon directly in a flame without breaking the balloon. 

For this experiment you will need: 

· two round balloons, not inflated 

· several matches 

· water 

· Inflate one of the balloons and tie it closed. Place 60 milliliters (¼ cup) of water in the other balloon, and then inflate it and tie it shut. 

· Light a match and hold it under the first balloon. Allow the flame to touch the balloon. What happens? The balloon breaks, perhaps even before the flame touches it. 

· Light another match. Hold it directly under the water in the second balloon. Allow the flame to touch the balloon. What happens with this balloon? The balloon doesn't break. You may even see a black patch of soot form on the outside of the balloon above the flame. 

· Why does the balloon with no water break in the flame? The flame heats whatever is placed in it. It heats the rubber of both balloons. The rubber of the balloon without water becomes so hot, that it becomes too weak to resist the pressure of the air inside the balloon. 

· How does the balloon with water in it resist breaking in the flame? When water inside the balloon is placed in the flame, the water absorbs most of the heat from the flame. Then, the rubber of the balloon does not become very hot. Because the rubber does not become hot, it does not weaken, and the balloon does not break. 

· Water is a particularly good absorber of heat. It takes a lot of heat to change the temperature of water. It takes ten times as much heat to raise the temperature of 1 gram of water by 1C than it does to raise the temperature of 1 gram of iron by the same amount. This is why it takes so long to bring a teakettle of water to the boil. On the other hand, when water cools, it releases a great deal of heat. This is why areas near oceans or other large bodies of water do not get as cold in winter as areas at the same latitude further inland. 

CAUTION: Be careful when handling matches to avoid burning yourself or causing accidental fires. 

	More info, see CHEMICAL DEMONSTRATIONS: A Handbook for Teachers of Chemistry, Volume 3, by Bassam Z. Shakhashiri, The University of Wisconsin Press, 2537 Daniels Street, Madison, Wisconsin 53704.


http://scifun.chem.wisc.edu/HOMEEXPTS/FIREBALLOON.html
BENDING WATER:
Static electricity can be a problem whenever the humidity is low. It causes shocks and makes dust stick to surfaces, and it can literally make your hair stand on end. In this experiment, you will see that it also can move things around. 

Materials: 

· a nylon comb 

· a water faucet 

Procedure:
· Adjust the faucet to produce a small stream of water. The stream should be about 1.5 millimeters (1/16 inch) in diameter. 

· Run the comb through your hair several times. Slowly bring the teeth of the comb near the stream of water, about 8 to 10 centimeters (3 or 4 inches) below the faucet. When the teeth of the comb are about an inch or less away from the stream, the stream will bend toward the comb. 

· Move the comb closer to the stream. How does the distance between the stream and the comb affect how much the stream bends? 

· Run the comb through your hair several more times. Does the comb bend the stream more now? 

· Change the size of the stream by adjusting the faucet. Does the size of the stream affect how much the stream bends? 

· If you have other combs, you can try these to see if some bend the stream more than others. 

· Static electricity is the accumulation of an electrical charge in an object. The electrical charge develops when two objects are rubbed against one another. When the objects are rubbed together, some electrons (charged components of atoms) jump from one object to the other. The object that loses the electrons becomes positively charged, while the object that they jump to becomes negatively charged. The nature of the objects has a large effect on how many electrons move. This determines how large an electrical charge accumulates in the objects. Hair and nylon are particularly good at acquiring charge when they are rubbed together. 

· A charged object attract small particles, such as dust. The charge in the object causes a complementary charge to develop in something close to it. The complementary charge is attracted to the charged object. If the complementary charge forms on something tiny, such as dust particles, these tiny particles move to the charged object. This is why your television screen becomes dusty faster than the television cabinet. When a television operates, electrons fly from the back to the screen. These electrons cause the screen to become charged. The charge on the screen attracts dust. 

· The comb attracts the stream of water in the same way. The charge on the comb attracts the molecules of water in the stream. Because the molecules in the stream can be moved easily, the stream bends toward the comb. 

· When you comb your hair with a nylon comb, both the comb and your hair become charged. The comb and your hair acquire opposite charges. Because the individual hairs acquire the same charge, they repel each other. Perhaps you noticed that after running the nylon comb through your hair, the hairs on your head stood on end. This is a result of your hairs repelling each other because they are charged. 

· Static electricity is more of a problem when humidity is low. When humidity is high, most surfaces are coated with a thin film of water. When objects coated by a film of water are rubbed together, the water prevents electrons from jumping between the objects. 

	For additional information, see CHEMICAL DEMONSTRATIONS: A Handbook for Teachers of Chemistry, Volume 3, by Bassam Z. Shakhashiri, The University of Wisconsin Press, 2537 Daniels Street, Madison, Wisconsin 53704.


http://scifun.chem.wisc.edu/HOMEEXPTS/BENDWATER.html
