
We are so accustomed to the pressure of the air around us that we don't even notice it. However, the air pressure is large enough to crush a soda can. You can see the air crush a can in this experiment. 

For this experiment you will need:

· an empty aluminum soft-drink can 

· a 2- or 3-liter (2- or 3-quart) saucepan 

· a pair of kitchen tongs 

Fill the saucepan with cold water. Put 15 milliliters (1 tablespoon) of water into the empty soft-drink can. Heat the can on the kitchen stove to boil the water. When the water boils, a cloud of condensed vapor will escape from the opening in the can. Allow the water to boil for about 30 seconds. Using the tongs, grasp the can and quickly invert it and dip it into the water in the pan. The can will collapse almost instantaneously. 

What caused the can to collapse? When you heated the can you caused the water in it to boil. The vapor from the boiling water pushed air out of the can. When the can was filled with water vapor, you cooled it suddenly by inverting it in water. Cooling the can caused the water vapor in the can to condense, creating a partial vacuum. The extremely low pressure of the partial vacuum inside the can made it possible for the pressure of the air outside the can to crush it. 

A can is crushed when the pressure outside is greater than the pressure inside, and the pressure difference is greater than the can is able to withstand. You can crush an open aluminum can with your hand. When you squeeze on the can, the pressure outside becomes greater than the pressure inside. If you squeeze hard enough the can collapses. Usually, the air pressure inside an open can is the same as the pressure outside. However, in this experiment, the air was driven out of the can and replaced by water vapor. When the water vapor condensed, the pressure inside the can became much less than the air pressure outside. Then the air outside crushed the can. 

When the water vapor inside the can condensed, the can was empty. You may have expected the water in the pan to fill the can through the hole in the can. Some water from the pan may do this. However, the water cannot flow into the can fast enough to fill the can before the air outside crushes it. 

CAUTION: Do not heat the can over high heat or heat the can when it is empty. This may cause the ink on the can to burn or the aluminum to melt.
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Tap water in many parts of the country contains minerals that can interfere with the cleaning ability of detergents. That's why water softeners are popular in these locations. Water softeners remove these minerals. In this experiment, you will make "hard" water from distilled water, which contains no minerals, and is therefore "soft." You can then compare the sudsing ability of a detergent in soft and hard water. 

For this experiment you will need: 

· 500 milliliters (2 cups) distilled water 

· 5 milliliters (1 teaspoon) epsom salts 

· 2 empty and cleaned 2-liter plastic soft-drink containers, with screw caps 

· several drops of liquid dishwashing detergent (not the kind for automatic dishwashers) 

Pour 250 milliliters (1 cup) of distilled water into each of the empty soft-drink bottles. Add 5 milliliters (1 teaspoon) of epsom salts to one of the bottles. Swirl the bottle until the epsom salts dissolve. Add several drops of liquid dish detergent to both bottles. Seal the bottles with their caps. Shake both bottles. A large amount of suds will form in the bottle without epsom salts. Far fewer suds will form in the bottle containing the epsom salts. 

The suds formed in this experiment are made of tiny bubbles. The bubbles are formed when air is trapped in a film of liquid. The air is trapped when it is shaken into the water. The film of liquid surrounding each bubble is a mixture of water and detergent. The molecules of detergent form a sort of framework that holds the water molecules in place in the film. If there were no detergent, the bubbles would collapse almost as soon as they are formed. You can see what this would look like by repeating the experiment, but leaving out the detergent. 

This experiment will not produce suds if detergent for a dishwashing machine is used. (Try it and see.) No suds are formed because automatic dishwasher detergent is formulated so that it does not form suds. Suds create problems in a dishwasher. They interfere with the movements of the washing arms, and they are difficult to rinse off of the dishes. 

The minerals that make water hard usually contain calcium and magnesium. In this experiment, you made water hard by adding epsom salt, which is magnesium sulfate. Calcium and magnesium in water interfere with the cleaning action of soap and detergent. They do this by combining with soap or detergent and forming a scum that does not dissolve in water. Because they react with soap and detergent, they remove the soap and detergent, thereby reducing the effectiveness of these cleaning agents. This could be overcome by adding more soap or detergent. However, the scum that is formed can adhere to what is being washed, making it appear dingy. 

Water can be softened in a number of ways. An automatic water softener connected to water supply pipes removes magnesium and calcium from water and replaces them with sodium. Sodium does not react with soap or detergents. If you don't have an automatic water softener, you can still soften laundry water by adding softeners directly to the wash water. These softeners combine with calcium and magnesium, preventing the minerals from forming a soap scum.
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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. 
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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. 
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Many chemical reactions produce both light and heat. A burning candle is such a reaction. When a candle is lit, its flame both glows and becomes hot. It is much less common for a chemical reaction to produce light without heat. The light from such reactions is called cool light, because it is created without heat. Reactions that produce light without heat are called chemiluminescent reactions. Perhaps the most familiar chemiluminescent reactions are those that occur in living organisms. Fireflies produce light without heat by a chemiluminescent reaction. Chemiluminescent reactions that occur in living organisms are called bioluminescent reactions. 

In this activity you will examine a commercial chemiluminescent chemical reaction. The reaction occurs inside a Lightstick. Lightsticks are available at many sporting goods stores, camping supply stores, and hardware stores. (Lightsticks are available from Educational Innovations) Amusement parks and carnivals often have them in the shape of bracelets and necklaces. 

	Open the wrapper and remove the Lightstick.

	
	Describe the Lightstick. What does it look like? What color is it? How big is it? Is anything inside the Lightstick? 


Immediately before activating the Lightstick, record today's date and the time: 

	Date: ____________________
	Time: ____________________


Follow the directions on the wrapper to activate the Lightstick: 

1. Bend the Lightstick just enough to break the thin glass tube inside the Lightstick. 

2. Shake the Lightstick to mix its contents. 

	Observe the Lightstick in a darkened room.

	
	Describe the appearance of the Lightstick. What is the color of the glow? Does the glow come from the entire Lightstick or only from the liquid inside the Lightstick?


	Immerse the Lightstick in a glass of ice water for five minutes.

	
	Does chilling the Lightstick affect its glow? What happens to the glow? 


	Immerse the Lightstick in a glass of warm water for five minutes. DO NOT USE BOILING WATER OR PLACE THE LIGHTSTICK IN THE OVEN. THE PLASTIC SHELL OF THE LIGHTSTICK CAN MELT.

	
	What happens to the glow when the Lightstick is warmed? 


Summarize how temperature affects the glow of the Lightstick. 

	Put the glowing Lightstick in the freezer for at least 24 hours.

	
	Does the Lightstick continue to glow while it is in the freezer? 


	Remove the Lightstick from the freezer and allow it to warm to room temperature.

	 
	Does the glow come back when the Lightstick returns to room temperature? 


	Observe your Lightstick periodically during the day.

	 
	How does the glow change with time? How long does it take for the glow to disappear? Where did you keep the Lightstick? What was the approximate temperature of the Lightstick? What could be done to preserve the glow of the Lightstick? 


In this activity you observed the effect of temperature on the glow of a Lightstick. This effect is a result of the effect of temperature on the rate of the chemical reaction that produces the glow. Like all chemical reactions, the reaction that produces the glow is slower at lower temperatures and faster at higher temperatures. In a Lightstick, the faster the reaction the brighter the glow. When the reaction in a Lightstick occurs at a faster rate, it will use up the reactants inside more quickly than when the reaction occurs more slowly. Can you devise an experiment that would test this statement? 
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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: image6.png]


Stretched Band

	Case 2.
	 
	Relaxed Band [image: image7.png]


Stretched Band + Heat

	Case 3.
	 
	Relaxed Band [image: image8.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 
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With just a few household chemicals you can turn a glass of colored liquid into a froth that overflows its container. 

For this experiment you will need: 

· 15 cm3 (1 tablespoon) of baking soda (sodium bicarbonate) 

· 15 cm3 (1 tablespoon) of laundry detergent 

· about 180 milliliters (3/4 cup) of water 

· about 60 milliliters (1/4 cup) of vinegar 

· several drops of food coloring (optional) 

· a 400-milliliter (12-ounce) drinking glass 

· a waterproof (plastic or metal) tray 

· a teaspoon 

Place the drinking glass on the tray. Put 15 cm3 baking soda and 15 cm3  laundry detergent to the glass. Add 180 mL of water and a few drops of optional food coloring. Gently stir the mixture to mix the contents of the glass. To display and observe the fizzing and foaming, quickly pour the vinegar into the glass. The mixture will foam up and over the top of the glass, covering the tray with a froth of tiny bubbles. 

To produce a color change when the vinegar is added to the mixture in the glass, you can substitute some red cabbage juice for the optional food coloring. The experiment titled "Exploring Acids and Bases with Red Cabbage" gives instructions on how to prepare some red cabbage juice. With red cabbage juice, the mixture will chage color from blue-green before adding vinegar to red-orange after the vinegar is added. For a different color change, try grape juice. 

In this experiment, the fizz is produced by a chemical reaction between baking soda and vinegar. Baking soda and vinegar react, and one of the products of the reaction is carbon dioxide gas. This gas forms bubbles that are surrounded by the liquid. The laundry detergent makes the bubbles last longer, and a foam is produced. The volume of the gas produced and trapped in the foam is much greater than the glass can hold, so some of it spills over the top of the glass. 

Baking soda is sodium bicarbonate. Vinegar contains acetic acid dissolved in water. Sodium barcarbonate reacts with most acids. The products of the reaction with vinegar are carbon dioxide gas, sodium acetate, and water. 

The reaction of sodium bicarbonate to form carbon dioxide gas is the basis of its use as a levening agent in baking. Cakes are solid foams. The foam is produced when bubbles of carbon dioxide from the reaction of sodium bicarbonate are trapped in the batter. As the cake bakes, the batter dries, and the trapped bubbles of carbon dioxide form the holes in the cake.
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Ever wondered why candies are different colors? Many candies contain colored dyes. Bags of M&Ms or Skittles contain candies of various colors. The labels tell us the names of the dyes used in the candies. But which dyes are used in which candies? We can answer this by dissolving the dyes out of the candies and separating them using a method called chromatography. 

For this experiment you will need: 

• M&M or Skittles candies (1 of each color) 
• coffee filter paper
• a tall glass 
• water 
• table salt 
• a pencil(a pen or marker is not good for this experiment)
• scissors
• a ruler 
• 6 toothpicks 
• aluminum foil 
• an empty 2 liter bottle with cap

Cut the coffee filter paper into a 3 inch by 3 inch (8 cm by 8 cm) square. Draw a line with the pencil about ½ inch (1 cm) from one edge of the paper. Make six dots with the pencil equally spaced along the line, leaving about ¼ inch (0.5 cm) between the first and last dots and the edge of the paper. Below the line, use the pencil to label each dot for the different colors of candy that you have. For example, Y for yellow, G for green, BU for blue, BR for brown, etc. 

Next we’ll make solutions of the colors in each candy. Take an 8 inch by 4 inch (20 cm by 10 cm) piece of aluminum foil and lay it flat on a table. Place six drops of water spaced evenly along the foil. Place one color of candy on each drop. Wait about a minute for the color to come off the candy and dissolve in the water. Remove and dispose of the candies. 

Now we’ll “spot” the colors onto the filter paper. Dampen the tip of one of the toothpicks in one of the colored solutions and lightly touch it to the corresponding labeled dot on your coffee filter paper. Use a light touch, so that the dot of color stays small - less than 1/16 inch (2 mm) is best. Then using a different toothpick for each color, similarly place a different color solution on each of the other five dots. 

After all the color spots on the filter paper have dried, go back and repeat the process with the toothpicks to get more color on each spot. Do this three times, waiting for the spots to dry each time. 

When the paper is dry, fold it in half so that it stands up on its own, with the fold standing vertically and the dots on the bottom.

Next we will make what is called a developing solution. Make sure your 2-liter bottle or milk jug is rinsed out, and add to it ⅛ teaspoon of salt and three cups of water (or use 1 cm3 of salt and 1 liter of water). Then screw the cap on tightly and shake the contents until all of the salt is dissolved in the water. You have just made a 1% salt solution. 

Now pour the salt solution into the tall glass to a depth of about ¼ inch (0.5 cm). The level of the solution should be low enough so that when you put the filter paper in, the dots will initially be above the water level. Hold the filter paper with the dots at the bottom and set it in the glass with the salt solution. 

What does the salt solution do? It climbs up the paper! It seems to defy gravity, while in fact it is really moving through the paper by a process called capillary action. 

As the solution climbs up the filter paper, what do you begin to see? 

The color spots climb up the paper along with the salt solution, and some colors start to separate into different bands. The colors of some candies are made from more than one dye, and the colors that are mixtures separate as the bands move up the paper. The dyes separate because some dyes stick more to the paper while other dyes are more soluble in the salt solution. These differences will lead to the dyes ending up at different heights on the paper. 

This process is called chromatography. (The word “chromatography” is derived from two Greek words: "chroma" meaning color and "graphein" to write.) The salt solution is called the mobile phase, and the paper the stationary phase. We use the word “affinity” to refer to the tendency of the dyes to prefer one phase over the other. The dyes that travel the furthest have more affinity for the salt solution (the mobile phase); the dyes that travel the least have more affinity for the paper (the stationary phase). 

When the salt solution is about ½ inch (1 cm) from the top edge of the paper, remove the paper from the solution. Lay the paper on a clean, flat surface to dry. 

Compare the spots from the different candies, noting similarities and differences. Which candies contained mixtures of dyes? Which ones seem to have just one dye? Can you match any of the colors on the paper with the names of the dyes on the label? Do similar colors from different candies travel up the paper the same distance?

You can do another experiment with a different type of candy. If you used Skittles the first time, repeat the experiment with M&Ms. If you used M&Ms first, try doing the experiment with Skittles. Do you get the same results for the different kinds of candy, or are they different? For example, do green M&Ms give the same results as green Skittles? 

You can also use chromatography to separate the colors in products like colored markers, food coloring, and Kool-Aid. Try the experiment again using these products. What similarities and differences do you see? 

[image: image11.png]—Needle Thrgugh-a-Balloon





Have you ever seen someone pop a balloon with a needle? Is it possible to stick a needle through a balloon without popping it? 

You will need the following materials: 

• balloons 
• long wooden or metal skewers 
• petroleum jelly 
• a sharp pin 
• cellophane tape 

Blow up a balloon – not too full – and tie the opening shut. Dip the tip of a skewer in Vaseline and spread the Vaseline along the entire length of the skewer. If you are careful, you should be able to push the skewer all the way through the balloon without popping it. Insert the skewer with a gentle twisting motion into the end of the balloon opposite the knot. Continue pushing and twisting the skewer until the tip emerges from the other end, near the knot. Why doesn't the balloon pop? 

Now try to stick the skewer into the side of the balloon.What happens?

The rubber in the balloon consists of many long molecules that are linked together. It's similar to the way all of the noodles in a plate of spaghetti stick together. These long molecules are called polymers; when molecules of a polymer are chemically attached to each other, it is called cross-linking. These links hold the polymer molecules together and allow them to stretch…up to a point. When the force or tension pulling on the cross-links is too great, they will break, and the polymer will pull apart. 

Look at the rubber near the ends of the balloon where you first inserted the skewer. Does it look lighter or darker than the rubber in the rest of the balloon? 

The rubber at the ends of the balloon is stretched out less than in the middle of the balloon. Therefore, there is less force pulling on it. This allows the tip of the skewer to break some polymer cross-links, push aside the molecules of rubber, and slide into the balloon. However, enough cross-links remain so that the balloon holds together.


In the side of the balloon, there are fewer polymer molecules. When you push the tip of the skewer through the rubber in the side of the balloon and the skewer breaks a few of the cross-links, the tension on the remaining cross-links is too great, and the balloon pops. 

Do you think there is a way to stick a sharp pin through the side of a balloon without popping it? 

Put a small piece of cellophane tape on the side of the balloon and press it down well. Now take the pin and press it through the tape and into the balloon. Does the balloon pop? 

The tape sticks to the rubber in the balloon and will not allow the rubber to stretch to the breaking point when the pin pierces the balloon. In other words, the tape reinforces the cross links, and the balloon stays together. 
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Have you ever turned a liquid into a solid just by tapping on it? In this experiment you make just such a liquid. 

For this experiment you will need: 

· corn starch (about ¼ cup, or 60 cm3) 

· water (about ¼ cup, or 60 cm3) 

· a bowl for mixing 

· newspaper 

Place a sheet of newspaper flat on a table. Put the mixing bowl in the middle of the newspaper. Add ¼ cup of dry cornstarch to the bowl. Add about 1/8 cup (2 tablespoons, or 30 cm3) of water to the corn starch and stir slowly. Add water slowly to the mixture, with stirring, until all of the powder is wet. 

Continue to add water until the cornstarch acts like a liquid when you stir it slowly. When you tap on the liquid with your finger, it shouldn't splash, but rather will become hard. If your mixture is too liquid, add more cornstarch. Your goal is to create a mixture that feels like a stiff liquid when you stir it slowly, but feels like a solid when you tap on it with your finger or a spoon. 

Scoop the cornstarch mixture into the palm of your hand, then slowly work it into a ball. As long as you keep pressure on it by rubbing it between your hands, it stays solid. Stop rubbing, and it “melts” into a puddle in your palm. Can you think of other tests you can do with it? 

Why does the cornstarch mixture behave like this? 

Think of a busy sidewalk. The easiest way to get through a crowd of people is to move slowly and find a path between people. If you just took a running start and headed straight for the crowd of people, you would quickly slam into someone and you wouldn't get very far. This is similar to what happens in the cornstarch mixture. The solid cornstarch acts like a crowd of people. Pressing your finger slowly into the mixture allows the cornstarch to move out of the way, but tapping the mixture quickly doesn't allow the solid cornstarch particles to slide past each other and out of the way of your finger. 

We use the term “viscosity” to describe the resistance of a liquid to flow. Water, which has a low viscosity, flows easily. Honey, at room temperature, has a higher viscosity and flows more slowly than water. But if you warm honey up, its viscosity drops, and it flows more easily. Most fluids behave like water and honey, in that their viscosity depends only on temperature. We call such fluids “Newtonian,” since their behavior was first described by Isaac Newton (when he wasn’t discovering the laws of gravity or developing the calculus). The cornstarch mixture you made is called “non-Newtonian” since its viscosity also depends on the force applied to the liquid or how fast an object is moving through the liquid. 

Other examples of non-Newtonian fluids include ketchup, silly putty, and quicksand. Quicksand is like the cornstarch mixture: if you struggle to escape quicksand, you apply pressure to it and it becomes hard, making it more difficult to escape. The recommended way to escape quicksand is to slowly move toward solid ground; you might also lie down on it, thus distributing your weight over a wider area and reducing the pressure. Ketchup is the opposite: its viscosity decreases under pressure. That’s why shaking a bottle of ketchup makes it easier to pour.

Disposal: First dilute the cornstarch mixture with plenty of water before pouring it down the drain. Why? What do think would happen to the semi-solid, semi-liquid form that you prepared if pressure were applied to it by other water in the drain? Yes – a plugged drain.
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We all know that heavy objects, such as a bowling ball will sink in water – right? Are you sure? Try this experiment to find out for yourself. 

For this experiment you will need: 

• a 11 pound or lighter bowling ball 
• a 13 pound or heavier bowling ball 
• a large aquarium, a bathtub, or a trash can
• a piece of string 30 inches or longer 
• a ruler 
• a bathroom scale 

Fill the aquarium, bathtub, or trash can 3/4 of the way with water. Place the 13 pound or heavier bowling ball (CAREFULLY - DO NOT DROP) into the water. Does it sink or float? Is this what you expected? Now CAREFULLY place the 11 pound or lighter bowling ball into the water. Does it sink or float? Is this what you expected? 

We can figure out if a bowling ball (or any object) will sink or float in water, if we know its density. Density is a measure of how much mass is present in a given volume. Once we know the density of an object, we can compare it to the density of water, which is about 1 g/cm3. If the density of the object is greater than the density of water, it will sink. If the density of the object is less than the density of water, it will float.

Let’s figure out the density of the bowling balls. To do this, we need to know their volume and their weight.

Measure the circumference of each of your bowling balls by wrapping a piece of string around the ball at its widest part, marking the circumference of the ball on the string. Next lay the string out flat and straight to measure the length with a ruler. What is the circumference of your ball? It should be pretty close to 27 inches. The rules of bowling state that "the circumference of a ball (the distance around it) shall not be more than 27.002 inches nor less than 26.704 inches”.

In science we usually measure using the metric system. You can convert inches to centimeters using the ratio 1 in. = 2.54 cm. What are the circumferences of the bowling balls in centimeters?

Now you can determine the volumes of your bowling balls using the equations for circumference and volume of a sphere. Remember that π is 3.14. The equation for circumference is: 

circumference = 2 * π * radius

Once you have solved for the radius of each ball, you can find the volumes using the equation: 

volume = 4/3 * π * radius3
You may notice that bowling balls are not perfect spheres. There are usually 3 or 4 holes in each ball. We must subtract the volume of these finger holes to determine the true volume of each ball. We can determine the volume of these holes by assuming they are roughly cylindrical in shape and measuring the depth and radius of the holes. An easy way to measure the depth of each of the finger holes is to put a pencil into the ball so that it touches the bottom of the finger hole. Mark the pencil at the point where it is even with the ball's surface by pinching the pencil between your fingers and lifting it out of the hole). Then measure the distance from your fingers to the end of the pencil. This is the depth of the finger hole. To find the volume you will need to also measure the radius of each hole (the radius is half the diameter or maximum width of the hole). Remember to convert your measurements to centimeters if you measured in inches. Now use the equation for the volume of a cylinder: 

volume = π * radius2 * height

Determine the volume of each finger hole (are they different?) For each bowling ball, subtract the total volume of the finger holes from the volume of the sphere that you calculated earlier. This will give you more accurate values for the volumes of your bowling balls. 

Now let’s find the weight of the balls using the bathroom scale. Some scales don’t measure small weights accurately, so you might try this technique: weigh yourself, then weigh yourself holding a bowling ball, and subtract the two weights to find the weight of the ball. Most scales in the U.S.give the weight in pounds. The conversion between pounds and grams is 1 lb = 453.6 g. Finally, for each ball divide the weight of your ball (in grams) by the volume of your ball in cubic centimeters to get their densities. 

Compare the densities of the bowling balls to the density of water, which is around 1 g/cm3. If the density of a ball is less than 1 g/cm3, it will float. If it is greater than 1 g/cm3, it will sink. Do these results agree with what you saw when you put the balls in the water?

Did subtracting the volume of the finger holes affect your final volume calculation greatly? By what percentage did the volume of your ball change? 

The density of steel is around 7.8 g/cm3, much greater than that of water. So how are large ships, which are made mostly of steel, able to stay afloat in water? It's important to keep in mind that the ability of an object to float is not entirely based on the density of the material that it is made out of. Ships are constructed in such a way that they contain a lot of open space inside them. The overall density of the ship includes all of the air inside it, so its average density is less than that of water. 

For more experiments with density, try the sinking and floating cans experiment. 
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Plastics are all around us. There are many different kinds, with a wide range of properties. Some are hard, others are soft. Some are transparent, others are opaque. Most plastics are made in factories, but here’s one you can make at home. 

For this experiment you will need: 

· 1 teaspoon (5 cm3) laundry borax 

· 1 tablespoon (15 mL) white glue (e.g., Elmer's Glue-All) 

· food coloring (optional) 

· two cups 

· spoon 

· water 

Here's what to do:

1. In one of the cups, dissolve 1 teaspoon of laundry borax in 5 tablespoons (75 mL) of water. You will need to stir this for a while to get it to dissolve. (If a tiny bit does not dissolve, that is OK.)
  

2. In the other cup, combine 1 tablespoon of water and 1 tablespoon of white glue. If you wish, you may color the mixture with a couple drops of food coloring. With a clean spoon, stir the mixture thoroughly until it is uniform.
  

3. Put 2 teaspoons of the borax solution from the first cup into the glue mixture in the second cup. Stir the mixture.
  

4. As you stir the mixture, it will stiffen into a soft lump. After the lump has formed, take it from the cup and knead it in your hand for a couple minutes. 

The material you have made is called Gluep, and it is ready for you to examine.

· Roll the Gluep into a ball and then let it rest. Does the ball maintain its shape?
  

· Drop a Gluep ball onto a table top. What does the ball do?
  

· Flatten the Gluep into a thin strip. Hold up the strip by one end. What happens to the strip?
  

· Roll the Gluep into a cylinder and pull the ends slowly. What happens to the cylinder?
  

· Roll the Gluep into a cylinder and pull the ends quickly. What happens to the cylinder? 



The materials we call plastics are all composed of large molecules whose structure is like a chain. These molecules are composed of many small repeating units, like the links in a chain. Like a chain, the molecules of a polymer are long and narrow. The name plastic is applied to a wide variety of substances, some of them soft and others very hard. Originally, plastic referred to something shapeable or bendable. However, as new polymer materials were made that were hard and stiff, the name plastic was applied to them, too. 

White glue is a mixture of water with a polymer. The polymer molecules are shaped like very tiny pieces of spaghetti. The tangled molecules make glue thick and viscous rather than thin and runny. When glue is exposed to air, the water evaporates, leaving the tangled polymer molecules. The tangled molecules stick to the surfaces on which they dried, and hold the surfaces together.

Borax solution contains borate ions. These ions can form links between the long, thin polymer molecules in the glue, turning it into a 3-dimensional network. This network makes Gluep more like a solid than the plain liquid glue. The network holds its shape for a short time, and as long as it is not strained. When Gluep rests, the flexible network gradually relaxes, and the Gluep flattens. When Gluep is stretched quickly, the links between molecules break, and the Gluep snaps apart into pieces.

The polymer molecules in white glue are called polyvinyl acetate. These molecules are composed of long chains of carbon atoms, with an acetate group attached to every other one. Acetate comes from acetic acid, the compound that gives vinegar its odor and flavor. This is why white glue smells a bit like vinegar. When borax is mixed with white glue, each borax ion replaces two acetate groups, forming a borate link between two polymer molecules.

Gluep contains a lot of water trapped in the network of linked polymer molecules. This water contributes to the liquid-like properties to Gluep. If the Gluep is left exposed to open air, the water will evaporate, and the Gluep will gradually stiffen. To preserve the Gluep, store it in an air-tight plastic bag. 

A material similar to Gluep can be made using a gel glue in place of white glue. Fluid gel glue contains polyvinyl alcohol in place of polyvinyl acetate. Borate ions form links between these molecules, too. In this case, the alcohol groups are displaced, forming water. 
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Acids are materials that have certain properties in common. Bases (also called alkalis) are other substances with a different set of properties. In these experiments, you will investigate some of these properties with materials that are found around your home. In addition, you will learn how chemists use the pH scale to describe acids and bases. 

The most striking property of both acids and bases is their ability to change the color of certain vegetable materials. A common vegetable whose color responds to acids and bases is red cabbage. The first step in this experiment is to prepare an extract of red cabbage, so you can investigate its color changes. Place about 500 milliliters (2 cups) of red cabbage cut into 2.5-centimeter (1-inch) cubes into a blender or food processor. Add about 250 milliliters (1 cup) of water and blend the mixture until the cabbage has been chopped into uniformly tiny pieces. Strain the mixture by pouring it through a sieve. This strained liquid, the red-cabbage extract, will be used for exploring acids and bases. 

Examine the label of a bottle of white vinegar. The label probably says that it contains acetic acid. This indicates that vinegar is an acid and has properties of an acid. Let's see what effect an acid has on the color of the red cabbage extract. Pour 125 milliliters (½ cup) of vinegar into a colorless drinking glass. Add 5 milliliters (1 teaspoon) of red cabbage extract, stir the mixture, and note its color. What is the color of the mixture. (Write your answer in the box.) 
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The color of the cabbage extract with vinegar is the color the extract has when it is mixed with an acid. Save the mixture in this glass to use as a reference in the rest of the experiment. 

Now examine the effect of laundry ammonia on the color of red cabbage. Pour 125 milliliters (½ cup) of laundry ammonia into another colorless drinking glass. Add 5 milliliters (1 teaspoon) of red cabbage extract and stir the mixture. Write the color of this mixture in the box. 
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Laundry ammonia is a base (alkali). The color of this mixture is the color of cabbage extract when it is mixed with a base. The color of cabbage extract indicates whether something mixed with it is an acid or a base. Cabbage extract can be called an acid-base indicator. Save the mixture in this second glass to use as a reference. 

Now test the properties of a solid, baking soda. Place 5 cubic centimeters (1 teaspoon) of baking soda in a glass and add 125 milliliters (½ cup) of water. Stir the mixture until the baking soda has dissolved. Then, add 5 milliliters (1 teaspoon) of red cabbage extract to the solution. Write the color of the mixture in the box. 

[image: image18.png]



The color obtained with baking soda is different from the color obtained with vinegar and from the color obtained with ammonia. 

Red cabbage extract can indicate whether a substance is an acid (like vinegar) or a base (like ammonia). It can also show how strong an acid or a base a substance is. Chemists use the pH scale to express how acidic (like an acid) or basic (like a base) a substance is. A pH value below 7 means that a substance is acidic, and the smaller the number, the more acidic it is. A pH value above 7 means that a substance is basic, and the larger the number, the more basic it is. Red cabbage extract has different colors at different pH values. These colors and approximate pH values are: 

	approximate pH:
	2
	4
	6
	8
	10
	12

	color of extract:
	red
	purple
	violet
	blue
	blue-green
	green


Based on this information, what is the approximate pH of vinegar? [image: image19.png]



What is the approximate pH of ammonia? [image: image20.png]



What is the approximate pH of the baking soda mixture? [image: image21.png]



Use the instructions for testing vinegar and ammonia to test the pH of several other nearly colorless liquids, such as lemon-lime soft drink (Sprite or 7-Up) and lemon juice. Record your observations. Liquids that are white, such as milk, can be tested in the same way. You can also test solids that dissolve in water by following the instructions for baking soda. This will also work with viscous liquids such as liquid detergents. Test other substances around the house, such as sugar, table salt, shampoo, hair rinse, milk of magnesia, antacid tablets, and aspirin. 
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CAUTION: Some household products can cause skin irritations. Do not allow these to contact skin; rinse thoroughly with water if they do. 
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Nearly everyone has enjoyed playing with soap bubbles. These fragile spheres of soap film filled with air are both beautiful and captivating. However, few people have observed them closely or at length, because soap bubbles are fragile and very light. When you blow soap bubbles out of doors, the slightest breeze carries them away. If you blow them indoors in still air, the bubbles soon settle onto a surface and break. However, because they are very light, soap bubbles will float on a gas that is only slightly more dense than the air that fills them. Such a gas is carbon dioxide. When soap bubbles settle into a container of carbon dioxide, the bubbles float on the carbon dioxide and can be examined closely. Under this close examination, soap bubbles reveal many properties that are not otherwise easily seen. 

To float soap bubbles, you will need the following materials: 

· soap bubble solution 

· a wand for blowing soap bubbles 

· a large transparent container with an open top (an empty 38-liter [10-gallon] aquarium works nicely) 

· 125 milliliters (½ cup) of baking soda (sodium bicarbonate) 

· 250 milliliters (1 cup) vinegar 

· shallow glass dish to fit inside large container (such as a glass baking dish) 

Set the large container on a table away from drafts and where you can easily look through its sides. Place the glass dish inside on the bottom of the large transparent container. Put 125 milliliters (½ cup) of baking soda in the glass dish. Pour 250 milliliters (1 cup) of vinegar into the dish with the baking soda. The mixture of soda and vinegar will immediately start to fizz as they react and form carbon dioxide gas. Carbon dioxide is more dense than air and so it will be held in the large container as long as it is not disturbed by drafts of air over the container. Because carbon dioxide is colorless, you cannot see it inside the container. However, you will soon be able to detect its presence with soap bubbles. 

After the fizzing in the dish has subsided (about a minute), gently blow several soap bubbles over the opening of the large container, so that they settle into the container. This may take a bit of practice. (Do not blow directly into the container, you will blow the carbon dioxide out of it.) When a soap bubble settles into the container it will not sink to the bottom, as it would in air. Instead, it will float on the surface of the invisible carbon dioxide in the container. 

While the bubble is floating on the carbon dioxide in the container, you can observe the soap bubble closely. Note what the bubble looks like. What color is the bubble? Can you see more than one color on the bubble? Do the colors change? Notice the size of the bubble. Does its size change? Observe the position of the bubble. Does it stay at the same level in the container? Does it rise or sink? 

When you have finished observing the bubbles, dispose of the mixture in the glass dish by rinsing it down the drain with water. 

The colors of a soap bubble come from reflections of the white light that falls on the bubble. White light, such as from the sun or from a light bulb, contains light of all colors. Light has waves, and the length of the wave, from crest to crest, determines the color of the light. When light reflects from a bubble, some of each wave reflects at the outside surface of the soap film. Some light travels through the soap film, and reflects from the inside surface of the film. 

Interference between waves occurs whenever waves travel through the same space. Interference occurs when two rocks are tossed near each other into a lake. Circular waves on the surface of the water spread out from where each rock entered the water. Where the crests of two waves meet, interference between the waves causes the motion of the surface of the water to increase. Where a crest and a valley meet, interference reduces the motion of the water's surface. Similar interference can occur in waves of light. 

Waves of light reflected from the inner and outer surfaces of the film of a soap bubble can interfere with each other. Where the crests of the light waves reflected from the inner and outer surfaces of the film meet, the intensity of the light increases. If the crest of a wave reflected from the inner surface meets the valley of a wave from the outer surface, the intensity of the light will be diminished. Whether the crest of a wave meets another crest or a valley is determined by the length of the wave and by the thickness of the film. If the thickness of the film is a multiple of the wavelength of the light, the crests of waves reflected from the inner surface will meet the crests of waves reflected from the outer surfaces. If the thickness of the film is an odd multiple of half the wavelength, the crests of the waves reflected from the inner surface will meet the valleys of the waves reflected from the outer surface. Because the thickness of the film varies and the wavelength of the light determines its color, different areas of the bubble will have different colors. The colors of a film of oil on a wet parking lot are produced in the same way as the colors of a soap bubble. 

If your soap bubbles remained floating on the carbon dioxide for more than a minute, you may have noticed that the bubbles were slowly becoming larger. You also may have noticed that the bubbles slowly sank into the container. Both the growth and the sinking of the bubbles is a result of the same process. When you blew the bubble, it was filled with air. When it settled into the container of carbon dioxide, the bubble was surrounded by this gas. The bubble grows because carbon dioxide moves into the bubble (through the soap film) faster than air moves out of the bubble. Carbon dioxide can move through the soap film more quickly than air, because it is more soluble in water than is air. (Water is the major component of the bubble-soap solution.) As the amount of carbon dioxide in the bubble increases, the bubble becomes heavier and sinks lower into the carbon dioxide in which it is floating. 
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Whenever it's not completely filled with clouds, we can see that the sky is blue. As the sun rises and as it sets, it looks red. These two observations are related, as this experiment will show. 

You will need the following materials: 

· a flashlight 

· a transparent container with flat parallel sides (a 10-liter [2½-gallon] aquarium is ideal) 

· 250 milliliters (1 cup) of milk 

Set the container on a table where you can view it from all sides. Fill it ¾ full with water. Light the flashlight and hold it against the side of the container so its beam shines through the water. Try to see the beam as it shines through the water. You may be able to see some particles of dust floating in the water; they appear white. However, it is rather difficult to see exactly where the beam passes through the water. 

Add about 60 milliliters (¼ cup) of milk to the water and stir it. Hold the flashlight to the side of the container, as before. Notice that the beam of light is now easily visible as it passes through the water. Look at the beam both from the side and from the end, where the beam shines out of the container. From the side, the beam appears slightly blue, and on the end, it appears somewhat yellow. 

Add another ¼ cup of milk to the water and stir it. Now the beam of light looks even more blue from the side and more yellow, perhaps even orange, from the end. 

Add the rest of the milk to the water and stir the mixture. Now the beam looks even more blue, and from the end, it looks quite orange. Furthermore, the beam seems to spread more now than it did before; it is not quite as narrow. 

What causes the beam of light from the flashlight to look blue from the side and orange when viewed head on? Light usually travels in straight lines, unless it encounters the edges of some material. When the beam of a flashlight travels through air, we cannot see the beam from the side because the air is uniform, and the light from the flashlight travels in a straight line. The same is true when the beam travels through water, as in this experiment. The water is uniform, and the beam travels in a straight line. However, if there should be some dust in the air or water, then we can catch a glimpse of the beam where the light is scattered by the edges of the dust particles. 

When you added milk to the water, you added many tiny particles to the water. Milk contains many tiny particles of protein and fat suspended in water. These particles scatter the light and make the beam of the flashlight visible from the side. Different colors of light are scattered by different amounts. Blue light is scattered much more than orange or red light. Because we see the scattered light from the side of the beam, and blue light is scattered more, the beam appears blue from the side. Because the orange and red light is scattered less, more orange and red light travels in a straight line from the flashlight. When you look directly into the beam of the flashlight, it looks orange or red. 

What does this experiment have to do with blue sky and orange sunsets? The light you see when you look at the sky is sunlight that is scattered by particles of dust in the atmosphere. If there were no scattering, and all of the light travelled straight from the sun to the earth, the sky would look dark as it does at night. The sunlight is scattered by the dust particles in the same way as the light from the flashlight is scattered by particles in milk in this experiment. Looking at the sky is like looking at the flashlight beam from the side: you're looking at scattered light that is blue. When you look at the setting sun, it's like looking directly into the beam from the flashlight: you're seeing the light that isn't scattered, namely orange and red. 

What causes the sun to appear deep orange or even red at sunset or sunrise? At sunset or sunrise, the sunlight we observe has traveled a longer path through the atmosphere than the sunlight we see at noon. Therefore, there is more scattering, and nearly all of the light direct from the sun is red. 
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If you have any objects made from silver or plated with silver, you know that the bright, shiny surface of silver gradually darkens and becomes less shiny. This happens because silver undergoes a chemical reaction with sulfur-containing substances in the air. You can use chemistry to reverse the tarnishing reaction, and make the silver shiny again. 

For this experiment you will need: 

· a tarnished piece of silver 

· a pan or dish large enough to completely immerse the silver in 

· aluminum foil to cover the bottom of the pan 

· enough water to fill the pan 

· a vessel in which to heat the water 

· hot pads or kitchen mitts with which to handle the heated water vessel 

· baking soda, about 1 cup per gallon of water 

Line the bottom of the pan with aluminum foil. Set the silver object on top of the aluminum foil. Make sure the silver touches the aluminum. 

Heat the water to boiling. Remove it from the heat and place it in a sink. To the hot water, add about one cup of baking soda for each gallon of water. (If you need only half a gallon of water, use half a cup of baking soda.) The mixture will froth a bit and may spill over; this is why you put it in the sink. 

Pour the hot baking soda and water mixture into the pan, and completely cover the silver. 

Almost immediately, the tarnish will begin to disappear. If the silver is only lightly tarnished, all of the tarnish will disappear within several minutes. If the silver is badly tarnished, you may need to reheat the baking soda and water mixture, and give the silver several treatments to remove all of the tarnish. 



When silver tarnishes, it combines with sulfur and forms silver sulfide. Silver sulfide is black. When a thin coating of silver sulfide forms on the surface of silver, it darkens the silver. The silver can be returned to its former luster by removing the silver sulfide coating from the surface. 

There are two ways to remove the coating of silver sulfide. One way is to remove the silver sulfide from the surface. The other is to reverse the chemical reaction and turn silver sulfide back into silver. In the first method, some silver is removed in the process of polishing. In the second, the silver remains in place. Polishes that contain an abrasive shine the silver by rubbing off the silver sulfide and some of the silver along with it. Another kind of tarnish remover dissolves the silver sulfide in a liquid. These polishes are used by dipping the silver into the liquid, or by rubbing the liquid on with a cloth and washing it off. These polishes also remove some of the silver. 

The tarnish-removal method used in this experiment uses a chemical reaction to convert the silver sulfide back into silver. This does not remove any of the silver. Many metals in addition to silver form compounds with sulfur. Some of them have a greater affinity for sulfur than silver does. Aluminum is such a metal. In this experiment, the silver sulfide reacts with aluminum. In the reaction, sulfur atoms are transferred from silver to aluminum, freeing the silver metal and forming aluminum sulfide. Chemists represent this reaction with a chemical equation. 

	3 Ag2S
	  +  
	2 Al
	  [image: image27.png]
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The reaction between silver sulfide and aluminum takes place when the two are in contact while they are immersed in a baking soda solution. The reaction is faster when the solution is warm. The solution carries the sulfur from the silver to the aluminum. The aluminum sulfide may adhere to the aluminum foil, or it may form tiny, pale yellow flakes in the bottom of the pan. The silver and aluminum must be in contact with each other, because a small electric current flows between them during the reaction. This type of reaction, which involves an electric current, is called an electrochemical reaction. Reactions of this type are used in batteries to produce electricity.
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How does a motor change electrical energy into motion? An electric current produces a magnetic field. This magnetic field can be attracted to or repelled by a permanent magnet. This attraction or repulsion can cause movement in a wire that carries an electric current.

You will need the following materials:

         1 meter (3 feet) of 22-gauge or 24-gauge solid-core insulated wire

                  e.g. Radio Shack catalog # 278-1215

         2 disk magnets

                  e.g. Radio Shack Catalog # 64-1888

         2 insulated test cables with a clip on each end

                  e.g. Radio Shack catalog # 278-1157

                  (2 pieces of above insulated wire can also be used)

         a plastic cup

         two large rubber bands

         two jumbo size (2-inch) paper clips

         D-cell battery

         wire strippers

         waterproof marking pen

         optional holder for D-cell

                  e.g. Radio Shack catalog # 270-403

Take the 3-foot piece of insulated wire. Starting about 3 inches from the end of the wire, wrap it seven times around the D-cell battery to form a coil. Wrap the ends of the wire a couple of times around the coil to hold it together.  
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Use the wire strippers to remove the insulation from the two ends of the coil.

Straighten the larger loops of two paper clips. 
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Turn the cup upside down and place a magnet on top in the center. Attach another magnet inside the cup, directly beneath the original magnet. This will create a stronger magnetic field as well as hold the top magnet in place.

Put two large rubber bands around the base of the cup. 

Insert the straightened paper clips into the rubber bands, so they stand upright over the bottom of the cup.
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Rest the ends of the coil in the cradles formed by the paper clips. Adjust the height of the paper clips so that when the coil spins, it just clears the magnets. Adjust the coil and the clips until the coil stays balanced and centered while spinning freely on the clips. Good balance is important in getting the motor to operate well. 

Once you have determined how long the projecting ends of the coil must be to rest in the paper-clip cradles, you may trim off any excess wire.

Attach one of the clip cables to each paper clip just above the rubber bands. You may need to readjust the clips to make sure the coil still spins freely.

Hold the other ends of the clip leads against the two poles of the D-cell battery. If the coil is well balanced on the clips, it will rotate to a near horizontal position. The magnetic field created by the electric current in the coil aligns itself with the magnets.

The coil may not continue to turn, because the current continues to flow through the coil its magnetic fields stays aligned with the magnets. To get the coil to continue rotating, the current should be turned off when the coil is aligned with the magnets. This can be done by coating part of one of the bare wire ends of the coil. 

Remove the coil from the paper clips. Hold the coil vertically. Use the permanent marker to paint the TOP HALF of one of the two end wires. Allow the ink to dry for a few seconds, and apply a second coat. Allow several second again for the ink to dry, and then hang the coil on the paper clips again.

Connect the D-cell battery again, and give the coil a gentle spin. If it doesn't keep spinning on its own, check to make sure that the coil assembly is well balanced when spinning, that the projecting end has been painted with black pen as noted, and that the coil and the magnet are close to each other but do not hit each other. You might also try adjusting the distance separating the cradles: This may affect the quality of the contact between the coil and the cradles. With a little adjustment, your motor will spin rapidly when connected to the battery. (A holder for the battery will allow you to make the connections without holding them in place.)
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Cause a ketchup packet to float or sink on command! 

For this experiment you will need: 

• 1 ketchup or soy sauce packet from a restaurant or a Milky Way mini candy individually sealed
• water 
• a 1 or 2 liter clear plastic bottle 

Place the ketchup or sauce packet, or the candy, in a bowl or cup of water to see if it will float. For this experiment you will need a packet that just barely floats. 

Take a packet that barely floats and put it in the clear plastic bottle (you may need to fold it in half lengthwise to get in through the opening). Fill the bottle to the brim with water and screw the cap on tight. Squeeze the sides of the bottle. What happens? 

The packet or candy has a small bubble of air trapped in it. When you squeeze the outside of the bottle, you increase the pressure inside the bottle. This will compress the air inside the packet, which changes the overall density of the packet. When the air is compressed enough, the density of the packet will be greater than the density of the water in the bottle, and the packet will sink. When you release the pressure on the outside of the bottle, the air in the packet will expand, increasing the buoyancy of the packet, and the packet will rise to the top. If you are using a clear soy sauce packet, you may even be able to see the size of the air bubble change as you squeeze on the bottle. 

Alternate procedure: Other Divers 

If you can't find a sauce packet that works well for you, you can also use a pen cap and some modeling clay or silly putty. Stick the end of the pen cap through a pea-sized ball of the clay or putty. You will have to experiment with how much material to put at the end of the pen cap to get it to just barely float. Carefully place the pen cap in the plastic bottle so that there is an air bubble trapped inside the pen cap. Fill the bottle to the top, screw the cap tightly onto the bottle, and squeeze the outside. If your pen cap doesn't sink, take it out and put a little more material on the end of the cap. When you have it right, you will be able to send your "diver" to the bottom with just a small squeeze of the bottle. Experiment with your diver. Can you squeeze the bottle just enough to keep the diver suspended in the middle of the bottle? 
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Have you ever heard the phrase "oil and water don’t mix"? First we will test that expression, then look at interesting combinations of several other liquids. 

Oil and Water
You will need the following materials: 

• ¼ cup (60 ml) water 
• ¼ cup (60 ml) vegetable oil 
• a small glass
• food coloring

First pour the water into the glass. Add a couple of drops of food coloring and mix. Next add the oil. What do you see? Which layer is on top? 

Tightly cover the glass with plastic wrap or your hand (if it's big enough). While holding the glass over a sink (in case you spill), shake the glass so that the two liquids are thoroughly mixed. Set the glass down and watch what happens. Do oil and water mix? 

The word “miscibility” describes how well two substances mix. Oil and water are said to be “immiscible,” because they do not mix. The oil layer is on top of the water because of the difference in density of the two liquids. The density of a substance is the ratio of its mass (weight) to its volume. The oil is less dense than the water and so is on top.

The next experiment examines the miscibility and density of several liquids.

Layered Liquids

You will need the following materials: 

• ¼ cup (60 ml) dark corn syrup or honey 
• ¼ cup (60 ml) dishwashing liquid 
• ¼ cup (60 ml) water 
• ¼ cup (60 ml) vegetable oil 
• ¼ cup (60 ml) rubbing alcohol 
• a tall 12 ounce (350 ml) glass or clear plastic cup 
• two other cups for mixing 
• food coloring 

Take the 12 ounce glass. Being careful not get syrup on the side of the glass; pour the syrup into the middle of the glass. Pour enough syrup in to fill the glass 1/6 of the way. 

After you have added the syrup or honey, tip the glass slightly and pour an equal amount of the dishwashing liquid slowly down the side of the glass. Does the dishwashing liquid float on top of the syrup or sink to the bottom? 

Next mix a few drops of food coloring with water in one of the mixing cups. Color the rubbing alcohol a different color in another mixing cup. 

Be careful to add the next liquids VERY SLOWLY. They are less viscous (i.e., not as thick) and mix more easily than the previous liquids. We don't want them to mix. Tip the glass slightly, and pouring slowly down the side of the glass, add first the colored water, then the vegetable oil, and finally the colored rubbing alcohol. 

On a piece of paper, make a sketch of the glass and its liquids, labeling the position of each liquid in your glass. 

Why do the liquids stay separated? Can you think of several ways that the liquids in the glass are different? Try to describe some properties that differ in each of the liquids in the glass. 

One property that is different in all of the liquids is color. Another property unique to each liquid is thickness (viscosity). 

The property of the liquids that is responsible for the layering effect is density. Can you guess what the relationship is between the density of a liquid and its position in the glass? 

Another property that keeps the liquids separate is that some of them are immiscible liquids, in other words they do not mix with each other. As you proved in the first experiment, oil and water are immiscible liquids. On the other hand, water and rubbing alcohol are miscible and will mix with each other. Water and the dishwashing liquid will also mix. 

Stir up the liquids in the glass and watch what happens to the layers. Have any of the layers mixed (are they miscible in each other)? Wait a few minutes and look again. Have any of the other liquids separated? 

Alternate procedure: Rainbow in a glass. 

You will need the following materials: 

• four different colors of food coloring (e.g. red, yellow, green, blue) 
• five tall glasses or clear plastic cups 
• ¾ cup (180 g) of granulated sugar 
• a tablespoon for measuring 
• 1 cup (240 ml) water

In the first glass, add one tablespoon (15 g) of sugar. In the second glass, add two tablespoons of sugar, three in the third glass, and four in the last glass. Then add three tablespoons (45 ml) of water to each glass, and stir until the sugar is dissolved. If the sugar in any of the glasses will not dissolve, add one more tablespoon (15 ml) of water to all of the glasses, and stir again. When the sugar is completely dissolved, add two or three drops of red food coloring to the first glass, yellow to the second, green to the third, and blue to the last glass. 

In the remaining glass we will create our rainbow. Fill the glass about a fourth of the way with the blue sugar solution. Next, carefully add the green solution to the glass. Do this by putting a spoon in the glass, just above the level of the blue solution. Slowly pour the green solution into the spoon, raising the spoon to keep it just above the level of the liquid, until the glass is half full. Add the yellow solution, and then the red one in the same manner. What do you notice about the colored solutions? 

The amount of sugar dissolved in a liquid affects its density. The blue solution has the most sugar dissolved in it and is therefore the densest. The other solutions are less dense than the blue solution, so they float on top of it. The densities of the solutions should be very close however, and the solutions are miscible, so you will see that the layers do not form well defined boundaries as in the first experiment. If done carefully enough, the colors should stay relatively separate from each other. What do you think will happen if you stir up the liquids in the glass?
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Imagine a hot summer day. You’re at a picnic and go to the ice chest where the sodas are staying nice and cool. Which cans are floating in the ice water, and which have sunk to the bottom? 

For this experiment you will need: 

• several unopened cans of regular soda of different varieties
• several unopened cans of diet soda of different varieties
• a large aquarium or sink 

Fill the aquarium or sink almost to the top with water. Place a can of regular soda into the water. Make sure that no air bubbles are trapped under the can when you place it in the water. Does it sink or float? Repeat the experiment with a can of diet soda. Does it sink or float? 

Why does one can sink, and the other can float? 

The cans of soda have exactly the same volume, or size. But their density differs due to what is dissolved in the soda. Regular soda contains sugar as a sweetener. If you look at the nutrition facts on a can of regular soda, you will notice that it contains sugar...a lot of sugar. In some cases a 12 ounce can of regular soda will contain over 40 grams of sugar. Diet sodas, on the other hand, use artificial sweeteners such as aspartame. These artificial sweeteners may be hundreds of times sweeter than sugar, which means that less than a few grams of artificial sweetener is used in a can of diet soda. The difference in the amount of dissolved sweeteners leads to a difference in density. Cans of regular soda tend to be more dense than water, so they sink. Cans of diet soda are usually less dense than water, so they float. 

Are there any varieties of regular soda that will float? Are there any varieties of diet soda that sink? Can you think other factors that might influence which sodas float or sink? 

For another look at how dissolved sugar affects the density of a solution, see the layered liquids experiment. 
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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. 

For this experiment you will need: 

· a nylon comb 

· a water faucet 

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.


