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CHAPTER 1


HUNGRY?


Chew on this. Once you’ve taken care of your need for food, what else are you hungry for? Personally, I’m always hungry to learn, to share what I’ve learned, and to create. That’s why I’m a scientist and a writer. Maybe you are, too. The most exciting things to come out of science and creativity are those amazing “aha” moments—the triumphant feeling that comes when you just know you’ve “gotten it.” This book is the result of one such moment. A friend phoned me to suggest that we collaborate on a cookbook for kids. We both had young families at the time and cooked every day. I remember thinking to myself, “I don’t want to write a cookbook. I want to write about science for kids.” And then, the title Science Experiments You Can Eat popped into my head. There is nothing more amazing than having an idea pop into your head—especially when you know you can act on it. This “aha” moment gave me a vision for this book. I would use activities with food to help kids discover basic principles of science. I would create a tool so that you, too, could make discoveries and have many “aha” moments of your own.

Scientific discoveries have long influenced what shows up on your plate at mealtimes. Agronomy, the science of how food is grown, has helped farmers produce bigger and better crops. Methods of food preservation allow food storage for out-of-season consumption. Food additives and food packaging technologies, developed by scientists and engineers, maintain crispness, moistness, texture, flavor, visual appeal, and shelf life for thousands of different food products. There is virtually no chance of a famine in developed countries. That’s the good news.

The bad news is that the science of nutrition, which determines standards for a healthy diet, publishes new studies from time to time that tell us that a food we thought was good for us, or at least safe for consumption, can create health problems in the long run. Currently, 70 percent of the American diet is made up of processed food—food that has been manufactured to give it a longer shelf life and to make it taste “crave-able” so you can’t eat just one bite. Modern life is so hectic that many families don’t sit down together every evening to share dinner and conversation. One result of these changes is an obesity epidemic among children. So, in this new edition of Science Experiments You Can Eat, I have added a chapter about some of the influences of science on foods we do eat. It will help you read between the lines of the Nutrition Facts labels so that you understand the importance of healthy choices in your own diet. In addition, I have included nutrition information throughout the other chapters of the book as you also learn basic physics, chemistry, and biology.

But mostly this book is designed to whet your appetite for science. I want it to nourish your curiosity and feed your mind. I want to make science not only digestible but a feast of discovery. This book is a banquet of ideas and processes and yes, some very tasty and some not-so-tasty results. (Although I’ve done every experiment, to be honest, I haven’t eaten them all.) This is not gourmet dining, but it is food for thought.





PLAYING WITH FOOD


Cookbooks give you precise directions for preparing food. Recipes are the result of many experiments in test kitchens that turn out predictable, delicious dishes. But this is a science book, not a cookbook. Food preparation produces a lot of changes in food. And change is what interests scientists.

There is no simpler activity for a cook than boiling water. Put water in a pot, put it over a burner on the stove, and wait for bubbles to form. But a scientist looks at this phenomenon and asks many questions: How hot does water have to be in order to boil? Does the temperature of water still rise after it starts boiling? If not, why not? Does water boil at a different temperature at sea level compared to in the mountains? If so, what does that tell us about this phenomenon? What is steam? How can steam be used to power, say, a locomotive? Scientific understanding of boiling water was one of the great breakthroughs in science and technology. The purpose of this book is to get you to think as a scientist. It will also help you as a cook. You will come to understand that science is not the mysterious process for eggheads it’s cracked up to be.

So when you do these experiments, keep an open mind. You’ll get ideas. You’ll start wondering. And, best of all, you may start asking questions that you can answer with experiments of your own. If that happens, you might just be on your way to one of those precious “aha” moments. So don’t dismiss the power of your own brain. Good questions are how science makes progress. Here’s what Einstein, the most amazing scientist of the twentieth century and the icon of “genius,” said about questions: “If I had an hour to solve a problem and my life depended on the solution, I would spend the first fifty-five minutes determining the proper question to ask, for once I know the proper question, I could solve the problem in less than five minutes.” And “To raise new questions, new possibilities, to regard old problems from a new angle requires creative imagination and marks real advances in science.”

The best way to get ideas is to do something. This book is a good place to begin. If you don’t get the results you expect, it is not a failure. Nature doesn’t lie. Your results depend on many variables—the equipment and ingredients you used and the procedures you followed. I’ve tried to give you directions in this book that will yield predictable results. But your kitchen is not my kitchen. If you don’t get the expected results, try to think of what factors might have caused the difference. Redesign and repeat the procedure and see what happens. This is something scientists do—they publish their procedures so that others may repeat their experiments to make sure they all get the same data. In this way, science corrects itself. The body of knowledge that we call “science” is the result of countless experiments by many people. Imagine that! A community of people produced this knowledge and shared it with the world. Free! Science is the original wiki. Now you can join that community with experiments of your own.

Did you know scientists love to play? They’ve never forgotten what it’s like to be a kid. “Play” means that you suspend the rules and try stuff just for fun, just to see what happens. This book is your excuse to do just that.





HOW TO USE THIS BOOK


In order to ask good questions, you need some background knowledge. So every chapter in this book has a short introduction that discusses the subject you will be investigating. Every experiment also has a short introduction that asks a question you can answer by doing the experiment. If you skip these, you might as well go use a cookbook. Before you begin any experiment, you need to know what you are doing and why you are doing it.

If you don’t have a lot of background in science, if you’ve never heard of molecules, solutions, elements, compounds, and chemical reactions, you can use this book as Science 101 and go through each chapter in order. If you like to plunge right in, begin by browsing and find an experiment that captures your imagination. I intend this book to be fun . . . not a chore. No rules here!

The materials and equipment needed are listed at the beginning of each experiment. Collect everything before you begin. This way you will not be caught without some important item at a critical time during the experiment. For the most part, I use materials that are easy to find at your local supermarket. But there are a few experiments that require ingredients or equipment that you can find easily online at low cost. This means you might have to wait a few days before you can start. So planning and waiting may be part of the process.

The procedure section tells you how to do the experiment. Often, the reasons for doing a certain step are discussed as you go along. Since timing is important, you should read and understand the whole procedure section before you start the experiment.

There are certain standard practices for safety and use of equipment in every laboratory, and your kitchen is no exception. Consult the cook in your house before you start experimenting, and ask for help with any procedures you are not sure about.

After the procedure section, there is a brief discussion of what your results mean. Often I have included questions to help direct you in your observations. I don’t always tell you what your results should be. This gives you the opportunity to get answers for yourself from your experiments, just as real scientists do.

As you do these experiments, questions of your own will occur to you. Take notes! Honor your questions! Don’t worry that you are getting sidetracked. Believe it or not, finding something interesting and getting sidetracked is the goal of every working scientist. Your own discoveries are what make science an adventure! This book is your road map. Bon voyage and bon appétit!
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CHAPTER 2


SOLUTIONS


The “stuff” that makes up food, you, and everything else in the universe is called matter. Chemists are scientists who study matter and how it changes. Matter is anything that has weight and takes up space.

When scientists first tackled the study of matter, they had to deal with the problem that matter in its natural state is complicated. Most matter exists mixed up with other matter. (Perhaps the most famous example of pure stuff is gold. It is called a “noble metal” because it doesn’t react with most other substances and is found pure in nature.) A solution, such as seawater, is an especially interesting kind of mixture. One amazing thing about a solution is that it is evenly mixed or homogeneous. In a pail of seawater, a cup taken from the top has exactly the same amount of salt in it as a cup taken from the bottom. Another amazing feature of solutions is that they become homogeneous all by themselves. No stirring is necessary.

Chemists have a way of thinking—a model—about solutions that accounts for their interesting properties. They say that solutions, like all matter, are made up of tiny particles too small to see. These particles are arranged in two phases. One phase is called the solvent. Water is the most common solvent around. The solvent phase is continuous. This means that the water particles are in contact with one another. The other phase is called the solute. Salt is a solute in seawater. The solute phase is discontinuous. Solute particles may occasionally bump into one another but for the most part they are surrounded by solvent particles. Salt water that you mix yourself in your kitchen is a simple solution, which means it has one solvent and one solute. But seawater has a number of solutes, including sodium bicarbonate (baking soda) and calcium carbonate (lime). A solution may be made of one or more solvents and one or more solutes.

[image: image]

When a solute dissolves, the solute particles move through the solvent in a process called diffusion. You don’t even have to stir. See for yourself. Drop a lump of sugar (a solute) into a glass of water (a solvent) and let it stand for a while. What happens to the lump of sugar? When you can no longer see any sugar crystals, taste the top of the solution with a straw. If sugar is present, you’ll taste it. Use the straw to taste the solution near the bottom of the glass. To do this, cover the top end of the straw with your finger before you lower the other end into the solution. When the bottom of the straw is where you want to take your sample, carefully flex your finger to let a small amount of the solution rise into the straw. Keep your finger on the top of the straw as you raise the bottom end of the straw to your mouth. Lift your finger to let the solution run into your mouth. With this technique you can taste samples from all parts of the solution. But be careful to keep the disturbance to the solution as little as possible when you insert the straw. Is the solution homogeneous? If it isn’t, wait awhile and taste again.

Solutions are important in the study of matter. You can often discover what a substance is by the solvent it dissolves in and by how much of it dissolves. Many chemical reactions take place in solutions that will not take place in air. Life is only possible because of solutions. The human body is 50 to 75 percent water, and most of the chemical reactions in your body take place in solution. This chapter will introduce you to some different solutions and some of the ways solutions are used to learn about matter.





ROCK CANDY

RECOVERING SOLUTE CRYSTALS


It’s easy to separate a solute from its solvent if you don’t care about keeping the solvent. Leave a water solution open to the air and the solvent will evaporate, leaving the solute behind. To recover the solute from all kinds of beverages, put small amounts in shallow dishes. The water evaporates from the large surface area.

Some solutes form crystals as the solvent evaporates. Crystals are solids that have a regular geometric shape, with many sides or faces. Take a close look at sugar and salt crystals with a magnifying lens. They have very different shapes.

Rock candy is simply very large sugar crystals. Grow some in the next experiment.


 




MATERIALS & EQUIPMENT

•  ½ cup water

•  1 cup sugar

•  a measuring cup

•  a small saucepan

•  a wooden spoon

•  a magnifying glass

•  3 or 4 small shallow dishes (aluminum foil muffin cups work well)








PROCEDURE

1  Pour the water into the saucepan. Measure out a cup of sugar. Put just a spoonful of this sugar in the water and stir. Use a wooden spoon to stir; it won’t get hot the way a metal spoon would when you heat this solution later. Continue to add sugar by the spoonful, stirring after each addition until the sugar dissolves. How many spoonfuls before the sugar stops dissolving no matter how much you stir? When this happens the solution is called a saturated solution.

2  Set the saucepan on the stove over low heat for a few minutes. What happens to the undissolved crystals as the solution gets warmer?

3  Turn off the heat and remove the saucepan from the stove. Add sugar again, spoonful by spoonful. How many spoonfuls do you need to make a saturated solution in hot water?

4  Pour all the remaining sugar from the measuring cup into the saucepan. Put the saucepan on the stove again and continue heating gently until all the sugar has dissolved. Then bring it to the boiling point and boil for about a minute. The solution should be thick and clear and contain no sugar crystals. Pour the solution carefully into the small dishes while it is hot. It’s not important to distribute the solution evenly.

[image: image]



OBSERVATIONS

Watch the solution as it cools. Be careful not to jolt it or disturb it in any way. Does the solution remain clear? If it becomes cloudy, take a close look at it with a magnifying glass. A clear solution that contains more solute than would normally dissolve at that temperature is said to be supersaturated. Supersaturated solutions are very unstable and the slightest disturbance will cause crystals to form, removing them from the solution.

Some candy, like fudge, depends on the formation of millions of tiny crystals. When you beat fudge, tiny crystals form quickly from a supersaturated solution, as the extra solute comes out of the solution.

[image: image]

If you don’t beat fudge hard enough, the crystals will be larger and the fudge will feel grainy in your mouth.

To make rock candy, you want large crystals to grow, and this takes time, sometimes weeks. Let the water-and-sugar solution stand undisturbed at room temperature for a week or more. Every day, carefully break off the crust of crystals that forms at the surface so that the water can continue to evaporate.

Rock candy crystals will form around any small object you put in the solution. Make rock candy lollipops by putting a swizzle stick in a glass of supersaturated sugar solution. Rock candy will also quickly form around a crystal of sugar dropped into the solution. Such a crystal is called a seed crystal. You might want to try using a colored crystal sprinkle as a seed crystal in a supersaturated solution.

The formation of crystals is one way chemists know when they’ve got pure matter, either an element or a compound. Crystals are also a clue to the structure of a substance. Scientists figure that the perfect shape of crystals is not an accident but is the result of a regular arrangement of the smallest particles of a substance. These particles, atoms and molecules, have a size (although they’re way too small to see even with the strongest microscope) and a shape. The arrangement of the atoms or molecules of a crystal produces the shape of the crystal much as closely stacked bricks can produce only a rectangular stack.

Compare the shape of the rock candy crystals to the crystals of granulated sugar with a magnifying glass. Are they the same shape? Do sugar crystals have the same shape as salt crystals? Would you expect sugar molecules to have the same shape as salt molecules?





ICE POPS AND THE FREEZING POINT OF SOLUTIONS


One question that comes up over and over again in the laboratory is: How do you know when you have a pure substance? One way to answer this question is to see how a substance you know to be pure (usually because a manufacturer says so on the label) behaves differently from a substance you know to be a mixture (because you make it yourself). It’s well established that pure water freezes at 32° Fahrenheit or 0° Celsius. Does a solution freeze at the same temperature as pure water? Do the next experiment and find out.


 




MATERIALS & EQUIPMENT

•  1 cup clear, not cloudy, canned or bottled fruit juice (cherry, grape, or apple work well)

•  water

•  6 (5-ounce) paper cups

•  a pen

•  6 circles of cardboard big enough to cover the tops of the cups

•  6 swizzle sticks or wooden stirring sticks

•  2 measuring cups (each cup should hold at least 1 cup liquid)








PROCEDURE

To set up this experiment you will put different amounts of fruit juice in each cup in a systematic way and then freeze all the cups. The first ice pop will be undiluted fruit juice as it comes from the container, the second will be ½ fruit juice and ½ water, the third will be ¼ fruit juice and ¾ water, and so on. This systematic changing of the amount of water in a solution is called serial dilution. Laboratories in many industries use serial dilutions to test the strength of a substance to find out, for example, how much detergent to put into a washing machine or how much aspirin to take when you are sick.

Since this experiment compares the freezing point of the ice pops to the freezing point of pure water, you will also make an ice pop that is pure water, without juice. This ice pop is called the control. A control is treated just like every other part of an experiment but does not contain the thing being tested, so that it can be used as a basis for comparison.


1  Start by marking the cups: juice, ½, ¼, ⅛, [image: image], and control. 


2  The purpose of the cardboard circle covers is to hold each stick upright until the ice pop has frozen. The covers should be large enough to cover the tops of the cups without falling in. Punch a hole just large enough to insert a stick in the center of each cardboard circle. Place a stick in each hole. 



3  Measure ½ cup of water and pour it into the cup marked “control.” 


4  Measure 1 cup of juice. Pour ½ cup of this juice into a second measuring cup. Then pour the remaining ½ cup of juice into the paper cup labeled “juice.” 


5  Add ½ cup of water to the second measuring cup to bring the volume up to 1 cup. Mix well. Use the first measuring cup to get ½ cup of this dilution. Pour this into the cup marked “½.” 



6  Add ½ cup of water to the first dilution to again bring the volume up to 1 cup. Mix well and use ½ cup of this dilution to make the next ice pop in the cup labeled “¼.” 

[image: image]

7  Follow the same procedure to make ice pops that are ⅛ juice and [image: image] juice. 


8  Put a cover and stick on each cup. Adjust the sticks so they touch only the bottoms of the cups. 


9  Put all six cups in your freezer. It is important to place them at the same depth so they will all be at the same temperature. After about 40 minutes, check to see how freezing is progressing by wiggling each stick back and forth. As freezing occurs, you can feel the ice forming. Keep checking about every 20 minutes. 




Which pop freezes first? Which ice pop takes longest to freeze? Does it require more or less time to freeze a solution?



OBSERVATIONS

On the basis of your experiment, why is salt put on sidewalks in winter? Why is alcohol put in car radiators before the cold weather sets in? How can the temperature at which a solution freezes be used to tell how pure a substance is? Handbooks for chemists always list the freezing points of pure solvents. If they test the freezing point of a liquid in their lab and they don’t get the freezing point they expect, they know that other substances must be present.

When the ice pops are frozen solid, which may take several hours, your experiment is completed and you may eat them. Although some of the ice pops will taste better than others, even the control can be refreshing on a hot day. Just tear off the paper cup and enjoy!





FRUIT DRINKS AND DISSOLVING RATES


Some solutions form more quickly than others. Can you think of some variables that cause this? In the next experiment, see how temperature affects the rate at which a solute dissolves in a solvent.


 




MATERIALS & EQUIPMENT

•  ½ cup ice water

•  ½ cup room-temperature water

•  ½ cup boiling water

•  1 package of unsweetened Kool-Aid

•  sugar

•  6½ cups cold water

•  a measuring cup

•  3 clear glass tumblers

•  a 2-quart pitcher








PROCEDURE


1  Put ½ cup of ice water in the first glass, ½ cup of room-temperature water in the second glass, and ½ cup of boiling water in the third glass. 


2  Drop a small pinch of Kool-Aid into each glass. Watch how the Kool-Aid diffuses into solution. 



OBSERVATIONS

In which glass does the Kool-Aid dissolve most quickly? How long does it take for the Kool-Aid to diffuse evenly through the water?

Try this with other colored solutes like instant coffee or food coloring.

After you have finished the experiment, you can prepare the Kool-Aid to drink. Pour all the solutions into a 2-quart pitcher. Add the remaining Kool-Aid and the amount of sugar suggested on the package. Add 6½ cups of cold water to bring the volume up to 2 quarts.





SOUR-BALL-ADE


How does the amount of surface area of a solute affect the rate at which it dissolves in a solvent? The next experiment explores this idea.


 




MATERIALS & EQUIPMENT

•  ¾ cup room-temperature water

•  3 pieces of dark-colored hard candy (grape or cherry)

•  3 small glasses

•  a measuring cup

•  waxed paper

•  a hammer or rolling pin








PROCEDURE


1  Pour ¼ cup of water into each glass. 


2  Wrap one candy in waxed paper and tap it lightly with a hammer or rolling pin so it breaks into several large pieces. Wrap another candy in waxed paper and smash it so it is like granulated sugar. 


3  Drop the whole candy into the first glass, the broken candy into the second glass, and the smashed candy into the third glass. 

[image: image]



OBSERVATIONS

Which candy has the most surface area? Which candy dissolves first? How do you think the amount of surface area affects the rate at which a solute dissolves? How do your findings explain why superfine sugar is used to sweeten iced drinks?

You can make a refreshing drink from this experiment. Pour all three solutions into one glass and add a few ice cubes. An orange slice adds a festive touch.
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