Lessons from AMERICAN CHEMICAL SOCIETY
WATER WALKERS:

Many different kinds of insects can walk on the surface of a pond without breaking the water’s “skin”. They can do this because they have many legs, and they can spread their weight out over a large surface area. If they were to stand on one foot, then all of their weight would be in one small spot, the water’s “skin” would break, and they would sink to the bottom of the pond. You may also have seen a feather or a leaf fall gently onto the surface of a pond without sinking. Like the water bugs, feathers and leaves are very light, and their weight is spread out over a large area of the surface. Based on these examples, and others that you may have seen, try making your own water walker!

Materials

Disposable aluminum pie

or cake pan

Water

Small paper clips

Pop-top rings, plastic tabs

Aluminum foil or paper

Pencil

Blunt scissors

Procedure

1. Fill the pan with several centimeters of water. Do not overfill the pan.

2. Hold a paper clip by one end and observe what happens when it is dropped into the water.

3. Now try to put a second paper clip on the surface of the water by very carefully lowering it so that it lays flat on the water’s “skin” or surface. Keep trying until you are able to get the paper clip to float.

4. Try to float other paper clips or plastic tabs on the water’s surface. It will take a little practice and a steady hand. 

5. Once you have practiced putting things on the surface of the water, you are ready to make your own “Water Walkers”. Use the pencil to lightly draw on the aluminum foil or paper to make a paper animal like the frog to the right. Be sure that you have a flat surface that will float on the water as part of your design. Big “feet” work best! 

6. Use the scissors to cut out the design.

7. Set your creation carefully on the water and observe. Did it float? If not, try again, or make another “Water Walker” that you think will work better.

8. Thoroughly clean the work area and wash your hands. Pour the water down the drain, and throw away any other trash.

Try this…

When there are several objects floating on the water, try adding a squirt of liquid dishwashing detergent to the water and observe what happens. Note: Once detergent has been added to the pan, the water’s “skin” will be broken. You will need to pour out all of the water and rinse any soapy residue out of the pan before you continue with your experiments.

Where’s the Chemistry?

Water molecules tend to stick together. This cohesion is strong enough at the surface of the water to form a “skin”. In this activity, you had to be very careful to place the paper clip and other objects gently on the water’s surface, so that you did not break the water’s “skin”. You also had to place them onto the water so that they laid down flat, so that their weight would be spread out over a large area. By spreading the objects’ weight over a large area on the surface of the water, you were able to make them float without breaking the water’s “skin”.
TESTING WATER’S SKIN

Water is a very important chemical! It covers about three-fourths of the Earth’s surface and makes up about two-thirds of your body’s weight. Every living thing needs water to survive. One of the special things about water is that it tends to stick to itself. This property is called cohesion. When water sticks to something else, it is called adhesion. Because water sticks so strongly to itself, it tends to bead up on slick surfaces like a car’s hood or windshield. Water also forms a “skin” on its outer surface. This “skin” is strong enough to support a water bug, and it is flexible enough to bend around the edge of a water drop.

Materials

2 Paper towels

Penny

Small disposable paper cup (3 oz.)

Water

Dropper

Liquid dish detergent

Food coloring (optional)

ADAPTATION: To see the water’s surface more clearly, you can add a drop of food coloring to the water. You may also want to use a magnifying glass and a flashlight.

Procedure

1. Place a clean, dry penny flat on one of the paper towels. 

2. Fill the cup about halfway with water.
3. Use the dropper to carefully place water onto the surface of the penny one drop at a time, counting the drops and watching from the side as they are added. Add the drops close to the center of the penny and hold the tip of the dropper just above the penny. How many drops of water fit onto the penny before the water runs over the edge and onto the paper towel? Write down your answer and draw a picture of what you saw.

4. Dry the penny completely with the other paper towel and then place it onto a dry spot on your first paper towel.

5. Add five drops of liquid dish detergent to the cup containing the water and mix it slowly with the dropper. 

6. Try dropping soapy water onto the top surface of the penny as before. How many drops can you add before the water runs over the edge onto the paper towel? Write down your answer and draw a picture of what you saw.

7. Thoroughly clean the work area and wash your hands.

Where’s the Chemistry?

Because water sticks to itself so well, it will easily form very large drops. In a drop, all the water molecules are close together, and they can touch several other molecules at the same time. Each of the water molecules is surrounded on the top, bottom, left, and right by other water molecules. When detergent is added to the water, the drop falls apart. The detergent molecules stick to the water molecules, and they block the water molecules from sticking to each other. As more detergent is added to the water, the water molecules have a harder time sticking to one another. Since the water molecules cannot stick to each other as well, they cannot form large drops, so soapy water forms small drops, and very soapy water will not form drops at all.

ZIPPY ZAPPY BOATS

Did you ever wonder how a water bug stays afloat on water? The bug can stay afloat because of the surface tension of the water. Surface tension is the result of the water molecules sticking to one another. This packs the molecules together and forms a smooth surface, giving the bug a “floor” upon which to walk. In this experiment you will see what happens when you change the surface tension of water.

Materials

D Pencil or ballpoint pen

D Thin Styrofoam tray or plate

D Blunt-ended scissors

D Liquid detergent (any liquid soap

or dish detergent)

D Cookie sheet or flat tray

D Water

ADAPTATION: To help young participants keep the two boats separated, use two different colors of Styrofoam. The experiment may be done by placing two cut pieces of Styrofoam in opposite corners of the tray and touching a cotton swab dipped in liquid detergent to the surface of the water behind the boat. A notch may be cut into the flat edge of the boat to give participants a place to put their cotton swabs.

Procedure

1. Use the pen or pencil to draw a boat about 5 cm (2 inches) long on the Styrofoam tray. 

2. Cut out the boat with the scissors.

3. Trace around the boat at another location on the Styrofoam tray and cut out the second boat to create two identical boats.

4. Write a “W” on one boat and a “D” on the other one. 

5. Place the boat labeled “D” letter-side down and put a drop of liquid detergent near the straight edge opposite of the point. 

6. Allow the detergent to dry a few minutes. While the detergent dries out, pour water into the cookie sheet or tray until the water is about halfway up the sides.

7. Hold one boat in each hand with the letters facing up or have your adult partner help you. Place them flat on the surface of the water at the same time in opposite corners with their pointy ends heading toward the center of the tray. Observe what happens.

8. Record your observations in the “What Did You Observe?” section.

9. Recycle your boats and remaining tray or plate scraps. Carefully pour the water down the sink and wash out the cookie sheet or tray. Thoroughly clean the work area and wash your hands.

Where’s the Chemistry? 

Your “D” boat should have zipped across the water. Water sticks to itself very well, especially near the surface. A water molecule on the top of a puddle of water is pulled downward by the molecules beneath it. This special property of water is called cohesion. The cohesion of water creates a strong, flexible “skin” on the water’s surface. Adding soap disrupts the arrangement of the water, and the water molecules near the boat have a harder time sticking to one another, making it possible for the boat to go forward.

Try this…

Put fresh water in the tray and try repeating this experiment using vegetable oil instead of detergent. Make more boats and see if the size of the drop of detergent makes a big difference. Is the difference more notable when the drop has dried overnight? See if you can make a boat with a shape that moves more quickly through the water.
WATER DIGS IT!

Stop and think about the soil beneath your feet. It isn’t all the same. Topsoil is rich in nutrients that seeds or plants need to grow. It is the soil layer that is the most exposed to the environmental factors, like rain, and can wash away quickly. The process of moving soil and its nutrients is called soil erosion. Water, wind, and humans can all contribute to soil erosion. In this activity, you will see how water can change the land and move nutrients from one place to another.

Materials

✤ Modeling clay

✤ Wax paper

✤ Flat baking pan

✤ 12 sugar cubes

✤ Food coloring

(red, green, or blue)

✤ 21⁄2 cm thick book (1 inch)

✤ Water

NOTE: A small pitcher may be easier to pour from than a cup. Children may need to wear an apron or smock to protect their clothes.

Procedure

1. Flatten a piece of clay on a hard surface; use a piece of wax paper to protect the surface. 

2. Place the clay in the pan, and curl up one edge just a bit, as shown, so that the sugar cubes will not slide off when the pan is lifted up.

3. Arrange the sugar cubes on top of the clay in the baking pan as shown.

4. Carefully place one drop of food coloring on top of one of the sugar cubes, chosen at random, and turn that cube on its side. Make note of which cube you colored in the “What Did You Observe?” section.

5. Place the book under the top half of the pan. Pour water onto the clay and through the sugar cubes. Stop pouring before the water overflows the pan.

6. Record what happens to the sugar cubes in the “What Did You Observe?” section. Also note if any food coloring ismixed in with the water.

7. Clean your pan with warm water and be careful not to let any clay fall into the sink. Thoroughly clean the work area and wash your hands.

Try this…

Try the activity again and vary the location of the sugar cubes, the rate at which you pour the water, and/or the sugar cube with food coloring. Try using warm water versus cold water. Make variations in the clay layer to represent differences in the land formation. If the clay is shaped into a “canyon” will the water wash away the sugar cubes that fit in the canyon more quickly?

Where’s the Chemistry?

In this activity, the sugar cubes represent the topsoil. The clay represents the subsoil layer. Just as the sugar cubes were easily washed away, the topsoil can easily be washed away. This can happen during a rainstorm. Erosion is more likely to happen if there are no plants or trees. Plants and trees put their roots down into the ground. The roots then help to hold the soil in place. The food coloring represents nutrients in the soil. Just as you observed the water in the activity carrying the food coloring away, water also carries the nutrients away with the topsoil. Look around your local area for signs of soil erosion. You often see these signs at the bottom of hills without plants or trees growing. Look for ways that you can help to prevent erosion. And remember, stay on pathways when hiking or biking.
Stained Glass Glue

Colored translucent material such as colored glass has been used for centuries to make beautiful stained glass artwork. Glass makers use different chemicals in various combinations to produce the many different colors of glass for stained glass artwork. The combination of the design, the colors, and the effect of the light passing through the translucent material can create wonderful works of art. This activity uses glue instead of glass to create a work of art that you can hang in your window.

PROCEDURE

1. Place a small amount of liquid dish detergent in one small cup.

2. Place about 1 teaspoon of the glue in the other small plastic cup. Add about 1/4 teaspoon of water. Mix with the craft stick.

3. Pour the glue and water mixture into the lid or small styrofoam bowl. Tilt the lid or bowl until the glue solution completely covers the bottom surface.

4. Place one drop of food coloring on the glue solution.

5. Repeat Step 4 two times, using a different color each time. Be certain to place the three drops in three different locations on the glue.

6. Dip the end of the toothpick into the detergent to obtain a small amount on the end of the toothpick.

7. Very quickly touch the center of each food coloring drop with the detergent on the end of the toothpick. Do not stir.

8. Observe the changes. 

9. Thoroughly clean the work area and wash your hands.

10. Allow the glue to dry overnight. Remove the dried glue from the container. Hold your “stained glass” up to the light and enjoy!

WHERE’S THE CHEMISTRY?

Food coloring is made from water and color molecules called pigments. The white glue also has water in it plus a chemical called polyvinyl acetate that is made of much longer and more flexible molecules than water is made of. The water molecules and the polyvinyl acetate molecules mix so much that the long flexible molecules of polyvinyl acetate move around like strands of spaghetti in a pot of boiling water. When the food coloring drops are added to the glue and water mixture, they can’t spread out much because they are blocked by the combination of water and polyvinyl acetate molecules. When the detergent is added, the detergent molecules grab onto the pigment molecules and drag them along and the color spreads over the surface of the glue.
AVAGADRO’S AIR ROCKET

Even though you cannot see air, you know it is there. Air is a mixture of gases that we breathe every day even when we are sleeping. Have you ever had a toy that used air to make it work? Maybe you had a kite that caught the air and flew high in the sky. Perhaps you had a boomerang or flying disc that zoomed through the air. Some toys have special air pumps to create air pressure inside of them. In this activity, you will use air pressure to make Avogadro’s Air Rockets go.

Materials

D Pencil

D Paper

D Blunt-ended scissors

D Tape (clear cellophane)

D Thin plastic coffee stirrer

D Straw

D Empty dish detergent squeeze

bottle (remove cap, rinse out and

shake dry)

D Colored pencil, crayon or waterbased

marker (optional)

ADAPTATION: Leave the top on the bottle, make a closed cone without the straw or coffee stirrer and blast the air rocket from the top of the bottle. Be sure to follow Milli’s Safety Tips and do this activity with an adult!

Procedure

1. Use a pencil to draw a half circle on a piece of paper or trace the half circle shown here.

2. Cut out the half circle with the scissors. You may decorate your half circle with colored pencil, crayon or water-based marker.

3. Leave a small opening at the tip and tape it to make a cone. 

4. Stick one end of the stirrer through the tip and tape it in place to the inside of the cone. 

5. Place the straw into the empty bottle and hold it in place with your hand. Try to cover the opening around the straw as much as possible with your hand.

6. Place your air rocket onto the straw.

7. Point your air rocket away from yourself and from others. Give the bottle a hard squeeze and watch your air rocket go. 8. What happened to your air rocket? Write your answer in the “What Did You Observe?” section.

9. Launch your rocket several more times. Try to hold the bottle the same way and squeeze with the same amount of pressure each time. 

10. Thoroughly clean the work area and wash your hands.

Where’s the Chemistry?

When you held the straw in place at the neck of the bottle and  covered the rest of the opening, the straw was the only way for any air in the bottle to get out. When you squeezed the bottle, more pressure was put on the air inside. This shows that air was in the bottle even though you could not see it. You launched your air rocket by quickly changing the pressure on the air inside the bottle, forcing it out through the straw.

Try this…

Try making some air rockets with bigger and smaller half circles or different materials like aluminum foil, tissue paper, card stock or newspaper. Which ones go further? How might the materials make a difference? Consider the weight and the durability of the materials. What would make some better to use than others? Try using a plastic drink bottle instead of a dish detergent bottle.

POP ROCKETS:

One important characteristic of gas is pressure. Increasing the amount of gas in a container can raise the pressure of a gas. In this activity, you will use the build-up of gas pressure to launch a filmcanister rocket. 

Materials 

File folder or card stock

Blunt-end scissors

Glue

Empty film canister

Double-sided tape

Half of an effervescent antacid tablet

Water

Stopwatch

NOTE: This activity can be messy and

should be conducted outside.

Procedure

Build the Rocket

1. To make fins for the rocket, trace the pattern below (four times) onto a file folder, or a piece of card stock.

2. Cut along the solid lines so that you make four fins.

3. Fold the fins along the dotted lines.

4. Place glue on each of the fins in the area marked “Glue here” in the picture above, and attach each of the fins to the film canister. Be sure to have the point of the triangle towards the closed end of the canister and to leave enough room to put the lid on the open end of the canister. 

5. Fold the fins so they stick straight out from the canister.

Fuel the Rocket

1. Ask your adult partner to help you select an appropriate area outside for the launch of your rocket.

2. Fill the canister half full of water. 

3. Tape the half tablet of the effervescent antacid inside the lid of the canister using a piece of double-sided tape.

4. Close the canister, quickly place it on the launch area with the lid at the bottom, and take at least three big steps backwards. 

5. The tablet should produce enough gas in the canister to pop off its lid, which will propel the rocket into the air.

6. Dissolve any unreacted pieces of the effervescent tablets by placing them in a bowl of water. Thoroughly clean the work area and wash your hands.

7. Record your experimental data in the “What Did You Observe?” section.

Where’s the Chemistry?

Effervescent antacid tablets contain an acid and a base, similar to baking powder. When the acid and base are dry, they do not react, but when they dissolve in the water, they react to produce carbon dioxide gas. As the gas is formed, pressure builds up until, finally, the cap is blown off the canister and your rocket is launched.
