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About the Guide

Teacher’s Guide editors William Bleam, Donald McKinney, and Ronald Tempest created the Teacher’s Guide article material. E-mail: bbleam@verizon.net
Susan Cooper prepared the anticipation and reading guides.
Patrice Pages, ChemMatters editor, coordinated production and prepared the Microsoft Word and PDF versions of the Teacher’s Guide. E-mail: chemmatters@acs.org
Articles from past issues of ChemMatters can be accessed from a DVD that is available from the American Chemical Society for $42. The DVD contains the entire 30-year publication of ChemMatters issues, from February 1983 to April 2013.
The ChemMatters DVD also includes Article, Title and Keyword Indexes that covers all issues from February 1983 to April 2013.

The ChemMatters DVD can be purchased by calling 1-800-227-5558.

Purchase information can be found online at www.acs.org/chemmatters.
Student Questions

1. Name the three types of candy textures.
2. What is the main difference in the structures of rock candy and fudge?
3. What is the composition of sucrose?
4. Why do sucrose molecules dissolve in water?
5. What are the two steps involved in dissolving a solid?
6. When a solid dissolves, is that all that is happening? Explain.
7. Is anything happening when a solution is saturated? Explain.
8. How does Le Châtelier’s principle explain why a temperature increase causes more sugar to dissolve in an already saturated solution?
9. What is a supersaturated solution?
10. How does stirring result in candy’s fudge-like consistency?

11. How does one get a glassy texture in candy?

12. What makes cotton candy different from other types of sugar-based candies?

13. What are the two main factors involved in the varied textures of candy?

Answers to Student Questions
1. Name the three types of candy textures, according to the article.
The three textures of candy are chewy, gritty and hard.
2. What is the main difference in the structures of rock candy and fudge?

The main difference in structure between rock candy and fudge is the size of the sugar crystals—in rock candy, the crystals are very large, while in fudge they are very small.
3. What is the composition of sucrose?

Sucrose is a disaccharide composed of one each of the monosaccharides glucose and fructose.
4. Why do sucrose molecules dissolve in water?

Sucrose molecules dissolve in water because the water molecules attract the sucrose molecules through intermolecular forces.
5. What are the two steps involved in dissolving a solid?

These steps are involved in dissolving a solid:

1. Water molecules bind to sucrose molecules on the crystal’s surface, and

2. The water molecules pull those sucrose molecules away from the crystal into solution.
6. When solid sucrose dissolves, is that all that is happening? Explain.

When solid sucrose dissolves, there is also re-crystallizing taking place as sucrose molecules in solution rejoin the crystal. But the rate of dissolving is greater than the rate of re-crystallization.
7. Is anything happening when a solution is saturated? Explain.

When a solution is saturated, dissolving and re-crystallizing are still happening, but the two rates are equal, so the two processes are balanced and no net change occurs.
8. How does Le Châtelier’s principle explain why a temperature increase causes more sugar to dissolve in an already saturated solution?

Le Châtelier’s principle, which states that an equilibrium system that is shifted away from equilibrium acts to restore equilibrium by opposing the shift, explains an increase in the amount of sugar dissolved at an increased temperature by noting that

a. an increase in temperature increases the energy of the system;

b. the system reacts to reduce temperature/energy within the system by cooling down;

c. breaking chemical bonds requires energy, thus reducing the energy of the system, so sugar molecules break apart and dissolve into the solution as equilibrium is restored.
9. What is a supersaturated solution?

A supersaturated solution is a solution containing more solid than can stay dissolved at a specific temperature.
10. How does stirring result in candy’s fudge-like consistency?

Stirring the hot solution produces large numbers (VERY large numbers!) of tiny seed crystals. Sucrose molecules dissolved in the solution then re-crystallize on these seed crystals. But because there are so many of them, the sucrose that recrystallizes has many sites on which to crystallize. The result is that all the crystals throughout the fudge remain very small, producing consistency typical of fudge.
11. How does one get a glassy texture in candy?

A glassy texture in candy results from the rapid cool-down of the solution, resulting in no crystal formation. This solid structure without crystals is an amorphous or glassy structure.
12. What makes cotton candy different from other types of sugar-based candies?

The main thing that makes cotton candy different from other types of sugar-based candies is that the process of making cotton candy uses heat to melt the sugar, not to dissolve it, as is the case for all other types of candy. The melted sugar is then spun into long strands of liquid that immediately solidify upon rapid cooling, resulting in an amorphous structure.
13. What are the two main factors involved in the varied textures of candy?

The two main factors involved in making varied textures of candy are:

a. The length of time allowed for crystal growth (long time, large crystals; short time, small crystals) and

b. The processing of the syrup as it cools (allow to set, large crystals; stir, small crystals; spin, no crystals).
Anticipation Guide

Anticipation guides help engage students by activating prior knowledge and stimulating student interest before reading. If class time permits, discuss students’ responses to each statement before reading each article. As they read, students should look for evidence supporting or refuting their initial responses.
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Different types of candies use different kinds of sugars to make the crystal size different.

	
	
	2. Sugars are carbohydrates.

	
	
	3. If you add more sugar to a saturated sugar solution, it will dissolve.

	
	
	4. Once a sugar molecule is dissolved, it remains as long as the conditions (temperature, amount of water, stirring, etc.) remain constant.

	
	
	5. Heating a sugar solution causes more sugar molecules to dissolve.

	
	
	6. When chemical bonds break, energy is released.

	
	
	7. Crystals may start to grow on a group of molecules, a speck of dust, or even a gas bubble.

	
	
	8. Glass candy is cooled very slowly so no crystals form.

	
	
	9. Marshmallows and gummy candy contain the same ingredients, but marshmallows have air whipped in.

	
	
	10. Cotton candy is made with sugar and water.


Reading Strategies
These matrices and organizers are provided to help students locate and analyze information from the articles.  Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading strategies to evaluate student performance, you may want to develop a grading rubric such as the one below.

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

	3
	Good
	Complete; few details provided; demonstrates some understanding.

	2
	Fair
	Incomplete; few details provided; some misconceptions evident.

	1
	Poor
	Very incomplete; no details provided; many misconceptions evident.

	0
	Not acceptable
	So incomplete that no judgment can be made about student understanding


Teaching Strategies:
1. Vocabulary and concepts that are reinforced in this issue:

· Carbohydrates

· Equilibrium

· Structural formulas 

· Emulsifier

· Polarity

· Surfactant

· Surface tension

2. To help students engage with the text, ask students which article engaged them most and why, or what questions they still have about the articles.

Directions: As you read, complete the graphic organizer below to analyze the important chemistry concepts and processes involved in making candy.

	Chemistry Concept or Process
	Example from the article
	Drawing illustrating concept or process

	Intermolecular force
	
	

	Dissolving
	
	

	Dynamic equilibrium
	
	

	Le Chatelier’s Principle
	
	

	Seed crystal
	
	

	Amorphous structure
	
	


Background Information
(teacher information)
It seems just a bit odd that this article on candy and sugar is juxtaposed against the article about “toxic sugar” on the preceding page of this issue. But in reality, only a small fraction of the sugar we consume comes from candy. A far larger portion of the sugar in our diet comes from soft drinks—to the tune of 10–12 teaspoons per 12-oz. can! And sugar is also added to many other foods we eat, like breads, sauces, dairy products and alcoholic beverages. Research shows that the average American gets 33% of that 40 kg (88 pounds) of added sugar from beverages containing high fructose corn syrup. And candy comes in as a close second at about 27%. So, we probably should be prudent in our consumption of candy. (But how can we, when it’s so yummy?).

More on the history of candy
The earliest forms of candy were honey or, later, sugar, either alone or coating other materials, like fruit or nuts. The origin of rock candy, pure sugar, traces back to India and Iran between the 6th and 4th centuries BCE. It was then used as a medicine and as a preservative for some foods. In 1596 in Henry IV, Shakespeare referred to its therapeutic value to soothe the throat of the long-winded talker. By the mid-1700s rock candy had attained its present use as a candy.

In America, almost all of candies were handmade in the home. A few commercial candies were available in the time of the American Revolution, including sugar plums (remember Clement Moore’s “A Visit from St. Nicholas”?), (hard) sugar candy, and sugar ornaments, but most of these were imported from Europe and very expensive.

Sugar-based candies were very expensive for several reasons: growing sugar cane or sugar beets and the subsequent processing into sugar were both very time- and labor-intensive undertakings, making sugar a very expensive commodity. In early America, sugar plantations were a major part of our economy.

In the seventeenth and eighteenth centuries, sugar plantations were sources of immense wealth, and whoever controlled the sugar trade also wielded substantial political and economic power. Sugar was dear, and sweet foods costly. Powerful hosts would display their wealth at banquets with sumptuous sugar-spun centerpieces, a form of conspicuous consumption made all the more excessive by the fact that the sugar would go to waste. As production became more mechanized in the nineteenth century, the price of sugar fell. By the second half of the nineteenth century, sugar was both cheap and widely available.

(Kawash, S. Candy: A Century of Panic and Pleasure; Faber and Faber, Inc.: New York, NY, 2013, p 17)

By the mid-1880s, candy made commercially (still made by hand) in the U.S. consisted of stick candies and taffies. Druggists even made their own candy, since they were already in the business of making sugar lozenges for medicinal uses. But outside the cities, poorer rural Americans had to settle for homemade molasses or maple sugar candies.


But candy production really took off with the industrial revolution, when mechanized steam-driven processes transformed the sugar refining process, and the candy making process could be scaled up by using other steam-driven machines to produce candy in huge amounts in factories.
The numbers tell the story. The value of manufactured candy leapt from $3 million in 1850 to over $60 million in 1900. By 1948, the equivalent figure topped $1 billion for the first time. The per capita story is even more telling: from two pounds per capita in 1900, to fifteen pounds in 1923, to more than twenty pounds in candy’s banner year, 1944 (although fully one-quarter of this production was sequestered for military use, leaving many civilians frustrated in a nation awash in product). … From an occasional luxury to a staple of the American diet, candy has come a long way. (ibid., 29)

As mechanized production reduced the time needed to make the candy product, production was multiplied manifold; and since the level of skill needed to work the machines was far less than that needed to produce the candy by hand, labor costs were greatly reduced. Greater production and lower labor costs resulted in such reductions in price for candy that now even the average citizen could now afford candy.


In an era when candy was cheap, people began to view it as a food, not just a luxury. Scientists of the late 1800s such as Dr. Wilbur Atwater studied human metabolism and caloric values of foods. Atwater established calorie requirements for the average worker of the time, and concluded that workers needed 3500 calories a day, coming from protein, fat and carbohydrates. Expressed this way, it almost seemed that it didn’t matter what the source of those calories was. They concluded that, since candy contained so many calories, it must be “a nourishing and sustaining food…” according to Professor John C. Olsen of the Brooklyn Polytechnic Institute. He actually concluded that chocolate creams and peanuts were equally good as mainstays of any diet—better than eggs! (ibid., 98)


Of course, this view changed greatly over the years as scientists learned more about nutrition and the actual metabolic needs of the human body, but in those days, there was more concern for the on-average, under-nourished person than the present-day over-nourished (think obese) person.

As it became known that candy wasn’t necessarily a good food, it became more and more important for candy manufacturers such as Hershey and Mars to advertise, in order to entice people to eat their products.


Early on in the1900s, athletes were used by advertisers (probably no surprise there) as examples of candy-eaters who absolutely needed the energy contained in their candy bars. And if athletes needed them, who could doubt that the average consumer needed them, too? New methods of packaging and candy wrapping also contributed to the overwhelming acceptance of candy by the buying public. Other advertising campaigns over the years, along with innovations that kept producing new and enticing types of candies kept candy front and foremost in the minds of the American consuming public.

More on heating sugar to make various types of candy


The Exploratorium in San Francisco (via their Web site) offers this information about heating sugar to make candy:

What happens when you heat a sugar solution?
When you add sugar to water, the sugar crystals dissolve and the sugar goes into solution. But you can’t dissolve an infinite amount of sugar into a fixed volume of water. When as much sugar has been dissolved into a solution as possible, the solution is said to be saturated.
The saturation point is different at different temperatures. The higher the temperature, the more sugar that can be held in solution.

When you cook up a batch of candy, you cook sugar, water, and various other ingredients to extremely high temperatures. At these high temperatures, the sugar remains in solution, even though much of the water has boiled away. But when the candy is through cooking and begins to cool, there is more sugar in solution than is normally possible. The solution is said to be supersaturated with sugar.
Supersaturation is an unstable state. The sugar molecules will begin to crystallize back into a solid at the least provocation. Stirring or jostling of any kind can cause the sugar to begin crystallizing.

Why are crystals undesirable in some candy recipes—and how do you stop them from forming?
The fact that sugar solidifies into crystals is extremely important in candy making. There are basically two categories of candies—crystalline (candies which contain crystals in their finished form, such as fudge and fondant), and noncrystalline, or amorphous (candies which do not contain crystals, such as lollipops, taffy, and caramels). Recipe ingredients and procedures for noncrystalline candies are specifically designed to prevent the formation of sugar crystals, because they give the resulting candy a grainy texture.
One way to prevent the crystallization of sucrose in candy is to make sure that there are other types of sugar—usually, fructose and glucose—to get in the way. Large crystals of sucrose have a harder time forming when molecules of fructose and glucose are around. Crystals form something like Legos locking together, except that instead of Lego pieces, there are molecules. If some of the molecules are a different size and shape, they won’t fit together, and a crystal doesn’t form.

A simple way to get other types of sugar into the mix is to "invert" the sucrose (the basic white sugar you know well) by adding an acid to the recipe. Acids such as lemon juice or cream of tartar cause sucrose to break up (or invert) into its two simpler components, fructose and glucose. Another way is to add a nonsucrose sugar, such as corn syrup, which is mainly glucose. Some lollipop recipes use as much as 50% corn syrup; this is to prevent sugar crystals from ruining the texture.

Fats in candy serve a similar purpose. Fatty ingredients such as butter help interfere with crystallization—again, by getting in the way of the sucrose molecules that are trying to lock together into crystals. Toffee owes its smooth texture and easy breakability to an absence of sugar crystals, thanks to a large amount of butter in the mix.
(https://www.exploratorium.edu/cooking/candy/sugar.html)

The following sequence of steps describes how to use a candy thermometer to demonstrate the various stages of sugar solution as it is heated from boiling all the way up to burning:

1. Pour 2 parts of water in a saucepan and set it on the stove. Attach a candy thermometer to the inside of the saucepan. Turn the heat to high heat.
2. Add 1 part of sugar and stir until dissolved. Make sure the sugar is dissolved before the mixture starts boiling. Scrape the bottom and sides of the pan while you are stirring.

3. Let the sugar water mixture boil for 10 minutes. Keep an eye on the temperature on the thermometer. If the temperature has reached 230 to 238 degrees Fahrenheit, it is in the thread stage. The sugar will form a fine thread when a teaspoonful of the mixture is dropped in ice cold water.

4. Continue boiling the sugar until the thermometer reads 238 to 245 F. This is the soft ball sage. In this stage, the sugar can be rolled in to a ball after being dropped in a dish of ice water. The ball will be soft and easily moldable.

5. Boil the sugar for a little bit longer. When the temperature reaches 245 to 250 F, it has entered the firm ball stage. You will be able to roll the cooled sugar in to a ball. The ball will flatten when you press it, but it will be firm.

6. Let the sugar boil to 250 to 265 F, which is the hard ball stage. At this stage, when you drop a ball of the mixture into ice water, it will form a ball that will be hard. The ball will not give when pressed.

7. Allow the sugar to heat to 270 to 290 F, which is the hard crack stage. When you stretch the cooled ball from the ice water, it will form threads that will crack.

8. Boil your sugar until it reaches 305 to 325 F. At this temperature your sugar will be in the hard crack stage, where it forms a hard ball when cooled that separates into threads.

9. Make caramel by boiling your sugar to the light caramel stage. The sugar and water has reached this stage when your sugar thermometer reads 345 F.

After the sugar reaches 410 F, it will turn black and start to burn.

(http://www.ehow.com/how_5805661_boil-water-sugar.html)
This Web site shows pictures of each of the stages of heating the sugar solution: http://candy.about.com/od/candybasics/ss/candytempsbs.htm.

And here is essentially the same information in table format:

	TEMPERATURE - SYRUP'S BOILING POINT AT SEA LEVEL
Measure with a Candy Thermometer
	CANDY 
	COLD WATER - SYRUP'S CONCENTRATION TEST
 

	Water boils at Sea Level
212 degrees F
	Water, Simple sugar syrups
	NOTE - For Higher Altitudes: There are modifications that need to be made to candy recipes. For every 1,000 feet/300 meters above sea level, subtract 2 degrees F. For degrees C, for each 900 feet of elevation, subtract 1 degree C.

	Thread Stage
215° F–234° F
/101° C–112° C
sugar concentration: 80%
	Sugar syrup, fruit liqueur and some icings
	Thread: At this relatively low temperature, there is still a lot of water left in the syrup. The liquid sugar may be pulled into brittle threads between the fingers. Or, take a small amount of the syrup onto a spoon, and drop it from about 2-inches above the pot. Let it drip into the pan. If it spins a long thread, like a spider web, it's done.

	 
	Jelly, candy, fruit liqueur making and some icings
	Pearl: 220 - 222 degrees F - The thread formed by pulling the liquid sugar may be stretched. When a cool metal spoon is dipped into the syrup and then raised, the syrup runs off in drops which merge to form a sheet.

	 
	Delicate sugar candy and syrup
	Blow or Soufflé: 230 - 235 degrees F - Boiling sugar creates small bubbles resembling snowflakes. The syrup spins a 2-inch thread when dropped from a spoon.

	Soft-Ball Stage
234° F–240° F
/112° C–115° C
sugar concentration: 85%
	Fudge,
Fondant, pralines, pâte â bombe or Italian meringue, peppermint creams and classic buttercreams
	Soft ball: A small amount of syrup dropped into chilled water forms a soft, flexible ball, but flattens like a pancake after a few moments in your hand.  

	Firm-Ball Stage
242° F–248° F
/116° C–120° C
sugar concentration: 87%
	Caramel candies
 
	Firm ball: Forms a firm ball that will not flatten when removed from water, but remains malleable and will flatten when squeezed. 

	Hard-Ball Stage
250° F–268° F
/121° C–131° C
sugar concentration: 92% 
	Nougat, marshmallows, toffee, gummies, divinity, and rock candy
	Hard ball: At this stage, the syrup will form thick, "ropy" threads as it drips from the spoon. The sugar concentration is rather high now, which means there’s less and less moisture in the sugar syrup. Syrup dropped into ice water may be formed into a hard ball which holds its shape on removal. The ball will be hard, but you can still change its shape by squashing it.

	Soft-Crack Stage
270° F–290° F
/132° C–143° C
sugar concentration: 95%
	Taffy, Butterscotch, 

 HYPERLINK "http://baking911.com/candy/caramel-and-candy-apples/candy-apples" Candy apples
	Soft Crack: As the syrup reached soft-crack stage, the bubbles on top will become smaller, thicker, and closer together. At this stage, the moisture content is low. Syrup dropped into ice water separates into hard but pliable threads. They will bend slightly before breaking.

	Hard-Crack Stage
300° F–310° F
/148° C–154° C
sugar concentration: 99%
	Brittles, hard candy(lollipops)
	Hard Crack: The hard-crack stage is the highest temperature you are likely to see specified in a candy recipe. At these temperatures, there is almost no water left in the syrup. Syrup dropped into ice water separates into hard, brittle threads that break when bent.  

	CARAMELIZING SUGAR 
320 ° F + / 160 ° C +
Sugar (sucrose) begins to melt around 320° F and caramelize around 340° F.
	Thermal Decomposition 
	If you heat a sugar syrup to temperatures higher than any of the candy stages, you will be on your way to creating caramelized sugar (the brown liquid stage)—a rich addition to many desserts.  

	330 - 360° F / 165 - 182° C
Above 330° F, the sugar syrup is more than 99% sucrose. 
	From flan to caramel cages, etc.
	Caramel: Syrup goes from clear to brown as its temperature rises. It no longer boils, but begins to break down and caramelize.  

	340° F
/171° C
	Light caramel for syrups, color and flavor
	Caramel - Light Brown: The liquefied sugar turns brown. Now the liquefied sugar turns brown in color due to caramelization. The sugar is beginning to break down and form many complex compounds that contribute to a richer flavor.
Caramelized sugar is used for flan syrup, dessert decorations and can also be used to give a candy coating to nuts. 

	355 - 360° F
/179–182° C
	Spun sugar, sugar cages
	Caramel - Medium Brown: The liquefied sugar darkens

	375 - 380° F
/190–193° C
	Coloring agent for sauces.
	Caramel - Dark Brown: The liquefied sugar darkens further.

	410° F
/210° C 
	None
	Black Jack: The liquefied sugar turns black and then decomposes.


(http://baking911.com/quick-guide/how-to-az/candy-sugar-syrup-temperature-chart)


Candies aren’t the only substances that change properties with sugar concentration. You will sometimes find the term “degrees brix” in literature describing the sugar content of wines (from the sugar in grapes) and maple syrup (from the sugar in maple tree sap).

Degrees Brix (symbol °Bx) is the sugar content of an aqueous solution. One degree Brix is 1 gram of sucrose in 100 grams of solution and represents the strength of the solution as percentage by mass. If the solution contains dissolved solids other than pure sucrose, then the °Bx only approximates the dissolved solid content. The °Bx is traditionally used in the wine, sugar, carbonated beverage, fruit juice, and honey industries.

(http://en.wikipedia.org/wiki/Brix)
Maple syrup as it emerges from maple trees is rather runny (not very viscous). To produce a good maple syrup, the tree sap must be heated to boiling to remove water, until the syrup reaches a standard density of between 66.5 and 66.7 oBx. This means that the syrup contains between 66.5 and 66.7 grams of maple sugar for every 100 grams of solution, or 66.5–66.7% sugar by mass. Contrast this with the 3–6% sugar content of the original tree sap. The concentration is measured using a hydrometer.

The standard density provides a boiling point 7–7.1 oF higher than the boiling temperature of water. It would be interesting to have students calculate the molal boiling point elevation of a solution of maple syrup (essentially sucrose) that is 66.5% or so content by mass and compare the result of that calculation to the temperature provided above. They could then hypothesize why their value is different than the standard value.

A lower density results in a syrup that is too runny, while one above this standard density will be too thick and runs the risk of forming sugar crystals during storage. (It takes about 36 gallons of tree sap to produce one gallon of maple syrup.)
(from About food.com: http://homecooking.about.com/od/specificfoo1/a/makemaplesyrup.htm?utm_term=brix%20sugar&utm_content=p1-main-2-title&utm_medium=sem&utm_source=msn&utm_campaign=adid-1733ff32-2bc7-4b1f-9bbe-7076918b4aba-0-ab_msb_ocode-5995&ad=semD&an=msn_s&am=broad&q=brix%20sugar&dqi=brix%2520sugar&o=5995&l=sem&qsrc=999&askid=1733ff32-2bc7-4b1f-9bbe-7076918b4aba-0-ab_msb)
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So, why DOES a sugar solution go through all these stages when heated? It all comes down to the bonding within the solution. When the sugar/water solution is dilute, the primary bonding that occurs is between many water and few sugar molecules, or between the plentiful water molecules; both of these bonds are primarily hydrogen bonding, which is relatively weak. This is reflected by the boiling point being very close to that of pure water. But as the solution is heated and water is driven off, there are fewer and fewer hydrogen bonds between water and water or water and sugar, and more and more covalent bonds between sugar molecules, until primarily covalent bonding between sugar molecules becomes more prevalent, resulting in an increase in the boiling point of the mixture.

This solubility chart for sugar and salt (at the right, above), from the American Chemical Society Middle School Chemistry curriculum shows how sugar’s solubility increases with increased temperature.
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This graph (right) shows the boiling temperature of a sugar/water solution varying with relative concentration of sugar in the solution (rather than just amount of sugar, as in the preceding graph). The temperature axis begins approximately at the boiling point of water. Note on this graph, how the boiling point of the solution increases drastically as the concentration approaches 100% sugar (all the water is being boiled off). As a result of the removal of water, the covalent bonding between sugar molecules is much more prevalent in the concentrated solution than the predominantly hydrogen-bonding between water molecules and sugar molecules in the less concentrated solution. That means the sugar molecules, with the relatively few water molecules still remaining in solution are held much more tightly together in the concentrate, 
making it more difficult to change the phase of this mixture, raising the boiling point. Eventually the sugar concentration approaches/reaches 100% and at that point, the sugar will caramelize or even char, rather than boil.

Each change in the percentage of sugar and water in the mixture results in a change in the properties of the mixture, accounting for the various stages in heating the sugar solution. Note the percentages of sugar in the solutions at the various stages of heating the sugar solution, from the table in the “More on heating sugar …” section above.

More on recent research on sugar melting


Until recently (2011) scientists believed that sugar melted, but everyone agreed that it was difficult to determine its melting temperature and that it varied widely, apparently due to impurities and such. But recent research seems to prove otherwise. Researcher Shelly Schmidt, University of Illinois professor of food chemistry has discovered that “Sugar crystals do not melt, but instead decompose in a heat sensitive reaction termed ‘apparent melting’.” The researchers now believe that the “… the loss of crystalline structure in sucrose, glucose, and fructose has been shown to be due to the kinetic process of thermal decomposition … rather than thermodynamic melting.” The decomposition process under controlled temperature conditions has been given the term “apparent melting”.
The researchers’ curiosity was aroused when it was determined that new compounds were discovered at the melting temperature. Typically when a substance melts, it retains its chemical identity, but that is not what was happening with sugar. The new substances formed indicated that chemical reactions were happening at those temperatures. And different substances were produced depending on the rate of heating. The importance of this finding is that food chemists will now be able to better control flavors in sugar at high temperature, to better avoid bitter tastes that come from the decomposition process, by controlling the rate of heating. (http://www.foodnavigator.com/Science-Nutrition/Sugar-doesn-t-melt-it-decomposes-say-researchers)
More on crystals, crystallizing and dissolving
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When sugar crystals grow from a solution, if you look very closely you can see what are called growth plumes rising from the crystal. These are the result of less concentrated solution forming in the region where crystallization is taking place, due to the sugar molecules leaving the solution to precipitate onto the existing crystal. This less concentrated solution is less dense than the surrounding solution and, hence, is buoyed up by the more dense solution. This causes what is also known as the schlieiren effect, when two different density solutions interact and refract light differently.
A rising growth plume (schlieiren up) indicates crystal growth; conversely, a sinking plume (schlieiren down) indicates that the existing crystal is actually dissolving into the solution, resulting in solution right around the crystal that is denser than its surroundings, due to greater concentration. This denser liquid falls through the less dense solution. A student experiment from the NASA Quest Web site that allows students to view these plumes can be found here: http://quest.arc.nasa.gov/space/teachers/mg/14crystal-growth.html. (The shadowgraph above comes from the same site.)


The importance of these growth plumes is that they can indicate the condition of the growing medium. When you try to grow crystals, you typically need to have a supersaturated solution, or at minimum, a saturated solution. When a seed crystal is placed in this medium, molecules (or ions) in the solution will crystallize out on that crystal. But this will only happen if the solution is saturated. If the concentration is such that it is unsaturated, then the seed crystal will begin to dissolve as the solid tries to saturate the solution.

So the crystal grower can observe quickly whether the plumes are rising or sinking. If they rise, that means the crystal is growing and the growth medium is saturated; if the plumes sink, that means the crystal is actually dissolving into the growth solution, and the solution is therefore unsaturated. To continue growing crystals from the solution, the experimenter will need to either add more solute to increase the concentration to the saturation point, or else heat the solution to drive off water, thereby increasing the concentration to the saturation point by lowering the volume of solvent.

Connections to Chemistry Concepts
(for correlation to course curriculum)
1. Solubility—The solubility of sugar and how that solubility changes with temperature determines how much you must add and how hot you must heat it to get it all to dissolve

2. Intermolecular forces—Sugar crystals are pulled apart by the formation of hydrogen bonds between the sugar and water molecules.

3. Equilibrium—Equilibrium is maintained in a saturated sugar solution as molecules dissolve and crystallize at equal rates.

4. Le Chatelier’s principle—Heating the sugar mixture to begin making rock candy upsets the equilibrium of the saturated solution, forcing more molecules of sugar to dissolve, breaking bonds and thereby absorbing energy to reduce the stress of increased temperature.

5. Rate of reaction—Heating the sugar mixture increases the rate of dissolving.

6. Kinetic molecular theory—Crystal size is dependent on the amount of time in the growing medium, due to the need for molecules dissolved in solution to move around in order to be in contact with the seed crystal.
7. Organic chemistry—Sugar is a carbohydrates, a disaccharide, composed of two monosaccharides.
8. Bond breaking and forming—Dissolving is a bond-breaking process, while crystallization is a bond-forming process.
9. Thermochemistry—Various temperatures are responsible for the varied properties of the sugar/water mixture in candy making due, at least in part, to bonds breaking and forming.
Possible Student Misconceptions
(to aid teacher in addressing misconceptions)
1. “Rock candy can be clear, so it must be a glass, like cotton candy.” [Start explanation here—in italics.]
2. “Rock candy is the only kind of crystal I can easily grow.” Actually, it may be the hardest to grow (in a large crystal, that is). Although crystals grow easily, they are usually very small and randomly grown. Other substances one can use to grow larger, individual crystals are alum (pickling material from the grocery store), magnesium sulfate (Epsom salts from the drug store) and copper sulfate (root killer in the hardware store).
3. “Sugar melts with heat.” Actually, this is probably a teacher misconception, also—unless you’ve read the real story in the background section, “More on recent research on sugar”, above. Short version of the story: sugar doesn’t melt, it decomposes.
4. “Once you’ve reached a saturated solution, nothing changes.” While this may be true macroscopically, at the microscopic (molecular) level, all the molecules are constantly moving and the dissolving and crystallizing reactions are both still happening. The reason they don’t translate into a visible change is because the rates of the two reverse processes are equal and no net change occurs.
Anticipating Student Questions
(answers to questions students might ask in class)
1. “When you boil the sugar/water mixture to make rock candy, does the sugar boil away?” When you boil the sugar/water mixture, it is the water that is boiling, not the sucrose. Water’s boiling temperature is well below the melting temperature of sucrose. Actually, sucrose decomposes back into glucose and fructose, rather than melting, at 
186 oC. After the solution boils for a while, the solution’s bubbles increase in viscosity (thickness, or resistance to flow) because they are coming from, and must bubble up through, a very viscous solution of sugar and water. In addition to dissolving more sugar at higher temperature, the boiling process here also serves to eliminate much water from the solution, resulting in the sugar being much more concentrated in the solution.
2. “Does sugar burn?” If you heat sugar solution to high enough temperatures, the sugar will caramelize, or turn brown, beginning to char, but it won’t burn with a flame. If one tries to light pure sugar—say, a sugar cube, or a pile of sugar—with a match, it will not burn, unless coated with ash. (See In-Class Activities section for this activity.) Sugar CAN burn, however, if it is in powdered (dust) form. Then air can surround each small particle of sugar and keep the burning process going. (See References section below for a reference to a previous ChemMatters article on this phenomenon.)
In-Class Activities

(lesson ideas, including labs & demonstrations)
Candy seems to be the ideal substance around which to build student activities!
The first series of experiments that follow (# 1–5) all involve making various types of candy:

1. The Serendip Studio Web site (from Bryn Mawr College, Bryn Mawr, PA) provides this series of four experiments by teacher Robert Farber for students to make rock candy and experiment with the effects of temperature and additives on the candy’s crystal size. The experiments are fairly straight-forward, with objectives provided, but they could be made more inquiry-based with modifications to the procedure to give students more control over the procedure. There is no teacher version on the site. (http://serendip.brynmawr.edu/sci_edu/farber/pdf/candy.pdf) Here’s a Word document of the same experiment, in case you want to easily edit it: http://serendip.brynmawr.edu/sci_edu/farber/word/CANDY-r.doc.
2. Here is an experiment, designed for “Advanced Chemistry Students” to construct “Variegated Disaccharide ‘J’ Tubes” (candy canes). The directions are very “scientific”, but it is a “cookbook” lab. No teacher version was found online. (http://www.hschem.org/Laboratory/ConstructionofVariegatedDisaccharide.pdf)

3. Here are two experiments to make peanut brittle.

a. Here’s another scientific-sounding experiment: “Thermal Degradation of Mixed Saccharides with Protein Inclusions” (peanut brittle): http://www.chymist.com/peanut%20brittle.pdf. This one, from Dave Katz, contains the student version and a page of teacher notes.

b. Peanut brittle uses corn syrup (glucose solution) as an ingredient to help prevent crystals from forming in the candy. The ChemMatters article “Peanut Brittle” includes a one-page student lab recipe (ChemMatters 1991, 9 (4), pp 4–7).
4. Students could even make chocolate-covered cherries, which use the action of the enzyme invertase (available from candy-making suppliers) to create the liquid center. The enzyme catalyzes the breakdown of sucrose into fructose and glucose. Recipes are available online; one example is http://www.nydailynews.com/lifestyle/food/2010/02/10/2010-02-10_for_valentines_day_homemade_chocolates_that_are_guaranteed_to_melt_hearts.html. Note that this is probably a recipe for more experienced candy makers and may not fit a lab setting. It might more conveniently be done at home.
5. The pdf document “Learning the Principles of Glass Science and Technology from Candy Making” describes a series of experiments involving candy making, aimed at a college- or second-year-level chemistry course: http://www.lehigh.edu/~inmatsci/faculty/jain/candy_making.pdf. It contains teacher material at the end.

Dissolving of sugar in water and re-crystallizing it from a supersaturated solution is the topic of the following group of activities (# 6–11):

6. This short (4:19) video clip by Richard Hartel, Ph.D., professor of food engineering at the University of Wisconsin-Madison could be used in a class discussion of how candy is made. The video shows how hard candy (“sugar glass” in the trade) is made: https://www.youtube.com/watch?feature=player_embedded&v=VY8q0hN6KwA. The video discusses the various stages (at specific temperatures) of candymaking.

7. This computer simulation from PhET from the University of Colorado, Boulder, shows what happens when salt and sugar dissolve (separately or together). The process of dissolving can be viewed at the macro- or micro-level, with or without the solvent (water) showing. (http://phet.colorado.edu/en/simulation/sugar-and-salt-solutions) This is a rather simplistic simulation, but it may help students to visualize what happens at the microscopic level, and you can use it to differentiate between ions (salt) and molecules (sugar), electrolytes and non-electrolytes. A series of teacher/student activities on the dissolving of sugar and salt accompanies this simulation. (http://phet.colorado.edu/en/search?q=sugar+dissolv)

8. Another simulation from PhET shows at the molecular level when a salt dissolves in water: http://phet.colorado.edu/en/simulation/soluble-salts. This simulation gives students opportunity to alter the variables of volume of solvent and amount of solute, to actually calculate Ksp, and it provides other salts with which to experiment.

9. The American Chemical Society has a Web site, Middle School Chemistry: Big Ideas about the Very Small at http://www.middleschoolchemistry.com/. This site contains their book that provides lesson plans and multi-media about these six chemistry topics: 1) Matter: Solids, Liquids and Gases; 2) Changes of State; 3) Density; 4) The Periodic Table and Bonding; 5) The Water Molecule and Dissolving; and 6) Chemical Change. The part of the site that is of primary concern for this Teacher’s Guide is chapter 5, The Water Molecule and Dissolving. It describes the polar nature of water, and contains two separate sections that explain the dissolving of a) salt and b) sugar, explaining ionic and molecular bonding. The lessons are based on the 5E model of learning (engage, explore, explain, evaluate, extend/elaborate) and, although geared for middle school, these lessons and multi-media can be used in introductory chemistry classes and adapted to high school level classes (e.g., while providing useful student activities and handouts [including graphics], the sections on the dissolving of sugar and salt in water discuss the polarity of water, salt and sugar, make no mention of polar covalent bonds or hydrogen bonding, but the high school teacher can bring both of these concepts into the discussion in a high school classroom).
10. Since the preparation of rock candy uses the idea of increased solubility (of sugar) with increased temperature, you might want to use an activity such as this one to show how solubility does, indeed, vary with temperature for most solids. This activity uses either KClO3 or KNO3 to determine the solubility of the solid at various temperatures, and from that data, students can prepare a solubility chart. (http://www.chymist.com/Solubility%20salt.pdf)

11. On the topic of crystal-growing, this experiment from NASA discusses “growth plumes” in a crystal-growing solution, and what they indicate in terms of crystal growth. Using alum (aluminum potassium sulfate) students grow crystals and project the image of the growth cell with a projector. A shadowgraph shows convection plumes rising from the seed crystal, indicating crystal growth. If the plumes were sinking, that would indicate crystal shrinkage. (http://quest.arc.nasa.gov/space/teachers/mg/14crystal-growth.html)
This PowerPoint set of slides provides a very nice close-up photograph from McGraw-Hill, showing a sugar cube dissolving. It illustrates the sinking plumes that accompany the dissolving process, slide 8: http://www.umsl.edu/~chickosj/chem11/Lecture/Lecture13.ppt.


Here are other activities that use candy to teach other chemistry concepts:

12. Use this activity to have students determine the amount of CO2 in Pop Rocks®: ChemMatters Teacher’s Guide. December 1993. We suggest making it more inquiry based by editing it so that students decide the purpose of the experiment (to find actual amount of CO2, mass ofCO2, weight-percent CO2, etc.) and design the standard method for the whole class to use to do the experiment, so that team results can be compared.
13. The Web site Steve Spangler Science contains three experiments dealing with candy that could be used in the classroom, or as a project for students outside of class. The experiments involve floating/sinking candy bars, growing gummy bears (left to sit in water), and the Mentos/soda geyser. View the brief experiments at http://www.stevespanglerscience.com/lab/experiments/candy-chemistry-experiments. Note that the site provides explanations for the results of the experiments (maybe not a good thing for students to see), although it also suggests extensions of the experiments for students to try.

14. These experiments/demonstrations all show the thermal destruction of gummy candies.

a. This high school chemistry demonstration from MIT that shows you how to safely conduct a violent combustion (oxidation-reduction) reaction called “Toasting a Gummy Candy”. Gummy candies are (very carefully) put into a test tube containing hot, molten potassium chlorate; the sugar content combusts VERY exothermically in the presence of the oxygen produced from the heated KClO3. If you do this demonstration, be SURE to follow all safety procedures! (http://ocw.mit.edu/high-school/chemistry/demonstrations/videos/death-of-a-gummy-bear/gummy_bear.pdf)
b. If you’d rather SHOW students how it works (with a video), try any of these videos:

1) MIT provides a 6:18 video that shows a professor discussing and doing the demonstration, interrupted by a narrator using a whiteboard to explain the chemistry behind the reaction. (http://ocw.mit.edu/high-school/chemistry/demonstrations/videos/death-of-a-gummy-bear/)

2) You can also check out Steve Spangler Science’s “Screaming Gummy Worms” (really, gummy bears) video (2:59) demonstration at https://www.youtube.com/watch?v=nSYDd3j1Luk&feature=player_embedded.
3) Or this one, “The Growling Gummy Bear” (6:15), from the Periodic Table of Videos, from the University of Nottingham, UK, which has great photography (a British accent, naturally, from the narrator) and a follow-up at the end that describes the chemistry of the reaction: https://www.youtube.com/watch?v=mIr4dLGwaVs&feature=player_embedded.
NOTE: there are LOTS of videos on YouTube showing the gummy bear reaction, but almost all of them have serious safety flaws. (You might also want to find one of these and show it to your class, asking students to point out the safety problems. See Outside-of-Class Activities, below for suggested videos.)

c. Compare the gummy bear reaction with a sugar cube reacting with KClO3 here: https://www.youtube.com/watch?v=nN8xD_bv2aQ&feature=player_embedded.
d. Here’s another (6:44) video from the Periodic Table of Videos, from the University of Nottingham, UK, that experiments on Cadbury Crème Eggs in a variety of ways. (http://www.youtube.com/watch?v=K6GyJBgBk2o)

15. BEFORE doing the gummy bear demonstration above, you might want to show how difficult it is to ignite a gummy bear with a burner, either as a demonstration, or using a video like this one (1:52; you can show only part of it, as several gummy bears are burned and they all look alike; they just melt, smolder, and char—no open flame on them): https://www.youtube.com/watch?feature=player_embedded&v=P3p3mrTqrSY. 
You can show them that the bears don’t really ignite, they just melt and char. Then ask them to predict what will happen to the bear in the presence of oxygen (from the molten KClO3); and THEN show them the demonstration or one of the videos above. https://www.youtube.com/watch?feature=player_embedded&v=P3p3mrTqrSY
16. An old demonstration related to burning sugar involves trying to burn a sugar cube with a match or burner. It merely melts (or chars, if you use a hot flame). Then dip a sugar cube in wood ashes of some sort (used to be cigarette ash, but that may be hard to obtain now). Now the cube will ignite, although it burns slowly, vis a vis the gummy bear /KClO3 demo. (See 0:58 video at https://www.youtube.com/watch?v=1PsuRmFhN8c.) It is believed by some (most) that the ash acts as a catalyst in the reaction, although that may not be the whole story; see the discussion at this Google Groups site: https://groups.google.com/forum/#!topic/sci.chem/mwTOUCmGgiM.

17. This experiment uses growing gummy bears but not to burn them. This activity soaks them in water, but in a slightly atypical, social, context. In this 5-class-period lab, “Gummy Bear Lab Meeting: Social Practices in a Scientific Community”, students “… participate in a scenario-based lab activity designed to help them define qualities that result in reliable and meaningful scientific research.” The source is the curriculum, Social Nature of Scientific Research from the Northwest Association for Biomedical Research (NWABR). (http://nwabr.org/sites/default/files/GummyBear_7_20_13.pdf) Both student and teacher materials are provided. This lesson was featured in NSTA’s The Science Teacher in the summer 2013 issue. There are four other lessons included in the complete 118-page curriculum, which can be found here: http://nwabr.org/sites/default/files/NWABR_Social_Nature_Scientific_Research.pdf.

18. After a thorough classroom discussion of density, a follow-up question to assess understanding might involve asking students how they could make a marshmallow sink in water. (http://www.stevespanglerscience.com/blog/science-experiments/density-in-action-can-you-sink-a-marshmallow/)

19. This series deals with paper chromatography to separate the colors used in making M&Ms®, Reese’s Pieces® and Skittles®.

a. This student experiment from About.com involves using paper chromatography to identify similarities and differences in coloring of various candies: http://chemistry.about.com/od/chemistryexperiments/ht/candychroma.htm.
b. Colors of candies make them attractive to eat. This one-page student lab activity uses paper chromatography to separate food colors in candy: M&Ms® or Skittles®: How Many Ways Can You See Red? ChemMatters 1999, 17 (4), p 8).
c. Here is another student activity (with teacher information) from the ChemSource® program: http://dwb.unl.edu/ChemSource/SourceBook/115FOOD.pdf, ChemSource® “Food and Chemistry” Module, “Activity 2: Chromatographic Comparison of M&M™ Candies with Reese’s Pieces™”, pp 10–14.

d. And the December 1994 ChemMatters Classroom Guide includes a one-page student activity to separate colors of M&M® candies. (available on 30-year ChemMatters DVD, from ACS; see References section below for availability)
20. To show effects of air pressure on marshmallows—or rather the effects without air pressure—you might want to use this short (1:14) video from Steve Spangler Science’s “Sick Science” series that shows marshmallow “Peeps” expanding inside a container under vacuum: http://www.stevespanglerscience.com/lab/experiments/growing-marshmallows. Or else do it yourself! (if you have a vacuum pump—even a small hand pump can work reasonably well)
21. “A somewhat ‘wacky’ experiment that demonstrates production of light by the quick crushing of a spearmint-containing hard candy can be done as a demonstration. Something like a Lifesaver® can made to produce light by a quick hammer blow or by crushing the candy with a pliers, all done in a dark room. You might also be successful by having a student break the candy with their teeth. The reaction is referred to as triboluminescence. The following reference is a guide: “Chewing Light”, at http://www.madsci.org/experiments/archive/860029125.Ch.html. An explanation of the changes in electron positions within the atom is given at the following reference: the Journal of Chemical Education. American Chemical Society. 1979, 56 (6), pp 413–414.
This activity is also found in Light Your Candy. ChemMatters 1990, 8 (3), p 10.” (source: ChemMatters Teacher’s Guide. December 2008, p 61.)
22. To show students a good analogy to how we “count” atoms by weighing them, you can use M&M® candies, or other candies which come packaged with identical pieces. Just as we "count" out a mole of water molecules by weighing a sample of 18.00 grams, we can count M&Ms® in a similar manner. Suppose you required 1000 M&Ms® for an experiment. While a bag of M&Ms® states the total weight of a bag of candy, it does not tell you the number of candies it contains. Challenge the students with devising a method for determining the number of bags to purchase.
The answer would be to first weigh an M&M®, or better yet, weigh ten or so and find the "average" weight, in case there is a significant variation in individual weights. Then simply multiply this weight by 1000 to find the weight of 1000 M&Ms®. Divide by the weight of a bagful, and you know how many bags to purchase. (source: ChemMatters Teacher’s Guide. December 1999)

And these last activities just involve sugar, not candy specifically:

23. In movies, “sugar glass” is often substituted for real glass in a window for scenes when someone must go through the window. Sugar glass looks just like real glass, and it shatters just real glass, but the pieces don’t cut someone, as would real glass. Here’s a 2-minute video showing how to make sugar glass: http://www.youtube.com/watch?v=3DHTJmDuw3A.

24. Students can measure the boiling point elevation of maple syrup and compare it to a standard value in this lab activity from the University of Massachusetts: http://lecturedemos.chem.umass.edu/PDFs/13.2_BoilingPointElevation.pdf. Follow-up questions are also provided. Here is a newer version of the same experiment: http://lecturedemos.chem.umass.edu/solutions13_2.html.
25. This lab activity uses the 5E model of instruction to have students experiment with variables that could affect the rate of dissolving of sugar: http://atlantis.coe.uh.edu/texasipc/units/solution/sugar.pdf.

Out-of-class Activities and Projects
(student research, class projects)
Students can make their own simple candies at home (with parent approval/supervision).
1. Here are a few recipes for fudge, heating over the stove (the more traditional way):

a. http://suzy-t.hubpages.com/hub/simple-homemade-fudge-recipe (first recipe, using whole milk and corn syrup) and this one from the Exploratorium: http://www.exploratorium.edu/cooking/candy/recipe-fudge.html. (This one explains why several of the ingredients are needed.)

b. This one from Instructables comes complete with photos at various stages of fudge-making: http://www.instructables.com/id/A-Christmas-Tradition-Old-Fashioned-Fudge/. It also gives a choice of using cream of tartar or corn syrup; students may be interested in finding out why either would work—and what it (either one) does in the fudge-making process.

2. Here are two recipes for microwave fudge:
a. http://recipes.howstuffworks.com/easy-microwave-fudge-recipe.htm. Have students compare the chemistry of this recipe with a “normal” recipe that boils the water and sugar mixture, like those above. Notice that the microwave recipe uses powdered sugar. How might this affect the product? How can you find out?
b. Compare the above microwave recipe to this one: “Quick ‘No Cook’ Chocolate Fudge Recipe - A great kid-friendly recipe. No stove or whipping required” at http://suzy-t.hubpages.com/hub/simple-homemade-fudge-recipe (scroll way down to the last recipe that uses sweetened condensed milk and the microwave). What ingredients in the two recipes are the same? Different? What substance in one recipe substitutes for something else in the other recipe? Which fudge did you like better (assuming you made them both)?

3. Here are rock candy recipes:

a. From About.com, here is a simple recipe: http://candy.about.com/od/hardcandyrecipes/r/rock_candy.htm.

b. This one is more like a student experiment, but the product is the same: http://www.sciencebob.com/experiments/rockcandy.php.

c. And this one from the Exploratorium explains why some of the procedure needs to be done, and links to the chemistry of sugar: https://www.exploratorium.edu/cooking/candy/recipe-rockcandy.html#.
4. To get students to focus on lab safety, have students observe one of the myriad online videos (that you choose) that show the thermal destruction of gummy bears, and have them analyze the video for unsafe lab procedures. (e.g., http://www.youtube.com/watch?v=pTYl5adcv58 or this one, http://www.youtube.com/watch?v=5vsy50IZSiY).
5. The standard ”density” of maple syrup (66.5–66.7 oBx or % by mass) provides a boiling point 7–7.1 oF higher than the boiling temperature of water. It would be interesting to have students calculate the molal boiling point elevation of a solution of maple syrup (essentially sucrose) that is 66.5% or so content by mass and compare the result of that calculation to the temperature provided above. They could then hypothesize why their value is different than the standard value. Here is a series of calculations for reference: http://lecturedemos.chem.umass.edu/PDFs/13.2_BoilingPointElevation.pdf.

6. Students can grow their own crystals at home from chemicals other than sugar. This is an excellent site for ideas and advice about how to grow many different kinds of crystals: http://www.waynesthisandthat.com/crystals.htm.
7. Students could determine whether crystals are growing or shrinking by viewing their growth plumes. This NASA Quest site shows them how: http://quest.arc.nasa.gov/space/teachers/mg/14crystal-growth.html.
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Web Sites for Additional Information
(Web-based information sources)
More sites on the history of candy

This site is called a food timeline, but it doesn’t resemble a normal timeline. It does, however, provide a wealth of information about the history of candy, including descriptions of a long list of various types of candies (and it IS roughly in chronological order). (http://www.foodtimeline.org/foodcandy.html)

There are many other candy timelines on the Web, but most of them are brief histories, beginning around 1850, of U.S. candy making, not worldwide candy history (e.g., http://www.candyhistory.net/candy-origin/candy-timeline/). Most are made and maintained by online candy stores, especially those that sell “retro” candies.

More sites on types of sugar

A list of all the various types of sugar, along with a description of each can be found here: http://whatscookingamerica.net/Sugar.htm.
Here’s another one: http://candy.about.com/od/candybasics/a/sugarguide.htm.

This site provides a brief description of how maple syrup is made from tree sap; it includes photos of the boiling/evaporation process that concentrates the sap: http://www.mnmaplesyrup.com/LearnBoiling.aspx.

More sites on sugar-based candies
Here’s a Web page from about.com that provides a chart of temperatures and sugar stages: http://candy.about.com/od/candybasics/a/candytemp.htm.
This site describes and shows pictures of each of the stages of heating the sugar solution—thread, soft ball, firm ball, hard ball, soft crack, hard crack, and caramel: http://candy.about.com/od/candybasics/ss/candytempsbs.htm.

This Exploratorium page describes the various stages of heating the sugar solution to make candy: http://www.exploratorium.edu/cooking/candy/sugar-stages.html. There are video clips for each stage also, but this editor was unable to open any of them. Both QuickTime® and RealPlayer® versions are there, but the QuickTime® versions are not available and the RealPlayer® versions didn’t open.


“What’s That Stuff?” is a feature in Chemical and Engineering News, published by the American Chemical Society. These articles provide (usually) a one-page description of a specific everyday item. This article, titled simply “Marshmallow”, provides an explanation of marshmallows, with a bit of history and quite a bit of chemistry. (http://cen.acs.org/articles/84/i16/Marshmallow.html) (Petkewich, R. What’s That Stuff? Marshmallow. Chem. Eng. News 2006, 84 (16), p 41)
This Exploratorium site provides a series of activities about candy for students. Included are: the science of sugar; an animated, interactive, multi-level “Candy-o-Matic” site that shows what happens as temperature is increased in a sugar solution; a “Kitchen Lab” series of candy recipes; and a simulated thermometer that relates temperature to the stages of sugar’s heating, clicking on each temperature setting provides a recipe for a candy of the type that forms at that stage: http://www.exploratorium.edu/cooking/candy/.

More sites on candy recipes

Here are several recipes for making rock candy:
· From the San Francisco Exploratorium Web site: https://www.exploratorium.edu/cooking/candy/recipe-rockcandy.html#. This site also has a link to another page telling students what sugar is, complete with a ball-and-stick model of sucrose, and describing the process of dissolving of the sugar with heat and recrystallization upon cooling. It also includes discussion of ways to prevent crystallization from occurring (in other candies such as fudge).

· This is a video recipe and instructions from About.com: http://video.about.com/chemistry/How-to-Make-Rock-Candy.htm. Note that the video instructions differ from those given in the 10-screen online “print” version (http://candy.about.com/od/phototutorials/ss/sbs_rock_candy.htm), in that the video says to put the sugar and water in the pan from the beginning and heat together, whereas the online instructions say to heat the water to boiling first and then add the sugar.
· This About.com page discusses a few problems with growing rock candy crystals: http://chemistry.about.com/od/growingcrystals/a/sugarcrystals.htm?utm_term=simple%20rock%20candy%20recipes&utm_content=p1-main-6-title&utm_medium=sem&utm_source=msn&utm_campaign=adid-6b03ebcc-64e8-4c44-b803-1ca0fb2c454f-0-ab_msb_ocode-5995, and this About.com video provides a few tips to ensure crystal formation: http://video.about.com/chemistry/3-Tips-for-Growing-Sugar-Crystals.htm
· Here’s a recipe that for rock candy you may (or may not) want to share with kids. It’s a recipe for making the blue crystal meth from TV’s “Breaking Bad” (turns out it was just rock candy after all): http://chemistry.about.com/od/sugarcrystalsrockcandy/a/Breaking-Bad-Blue-Crystal-Meth-Rock-Candy-Recipe.htm
And here are a few recipes for making fudge:

· This is a recipe from Kraft using their Jet-Puffed Marshmallow Crème: http://www.kraftrecipes.com/recipes/fantasy-fudge-51833.aspx. This recipe includes nutritional information.

· Here is the original version, almost the same as the one above. (This is the one this editor used for years, making the special treat as a gift for family and friends.) http://www.christmas-cookies.com/recipes/recipe191.fantasy-fudge.html
· Here’s a video (4:33) showing a cotton candy maker who enjoys his job, and makes everyone around him enjoy it too! (https://www.youtube.com/watch?v=AmfvY0vusyE)

More sites on crystal formation and growing crystals
This page discusses eight different methods for growing x-ray-quality crystals: http://chem.chem.rochester.edu/~nvd/crystalgrowth.html.


This site provides concise directions for many different student experiments for growing crystals of various materials. The author of the site has tried almost all of the experiments himself, so they are well-tested. He has also tested various extensions to many of the procedures and offers lots of advice. Two experiments in particular are of interest to readers of this Teacher’s Guide: “Rock Candy” (under the Advanced crystal growing projects tab), and “Sugar Crystals” (Under the Growing large, high quality single crystals tab). (http://www.waynesthisandthat.com/crystals.htm)

This is the NASA Quest site referenced in the background information section about observing growth plumes in crystal growth: http://quest.arc.nasa.gov/space/teachers/mg/14crystal-growth.html.

More sites on the effect of changing variables (e.g., stirring, rate of cooling) on crystal size
Earth science teachers use this type of precipitation activity to demonstrate how the rate of cooling affects crystal size in rocks. (http://www.rsc.org/Education/Teachers/Resources/jesei/cooling/index.htm) Granite, a metamorphic rock, typically has large grains, indicating large crystals, while rock like rhyolite, an igneous rock, has very small crystals, due to granite’s cooling very slowly, deep underground, insulated by other rock around it to slow its cooling, while rhyolite oozes out of volcanoes and cools quickly on the land’s surface or, if it flows into the ocean, it cools and hardens immediately upon contact with water, both of which processes preclude the time needed to form large crystals. Note that this activity uses lead iodide, which may not be allowed to be used in your classroom lab.
Here’s another lab that uses alum (a pickling spice) or copper sulfate (sold as a root killer in hardware stores) to accomplish the same task: http://pirate.shu.edu/~schoenma/rockCycleWeb/pdfFiles/CrystalSizaCoolingRate.pdf. And here is one more lab that uses magnesium sulfate (Epsom salts): http://www.sas.upenn.edu/~jbryson/IgneousLab.pdf.

More sites on carbohydrates—mono- and di-saccharides

This site provides discussion about and structural formulas for many carbohydrates, mono-, di- and polysaccharides: http://chemistry2.csudh.edu/rpendarvis/monosacch.html.
More sites on sucrose decomposing upon heating

This article from Science Daily appeared on August 2, 2011: http://www.sciencedaily.com/releases/2011/07/110725123549.htm.
And this one from Gizmodo is similar: http://gizmodo.com/5824822/scientists-in-sugar-shock-after-finding-sucrose-doesnt-melt.
More sites on how candies “work”
The phenomenon of triboluminescence (light emission from crunching hard candies) is explained here: http://chemistry.about.com/cs/howthingswork/a/aa060601a.htm.
These two Web sites discuss how Pop Rocks® Candy works: http://chemistry.about.com/od/howthingsworkfaqs/f/poprockscandy.htm and
http://science.howstuffworks.com/innovation/science-questions/question114.htm.
More online videos on various topics about candy

This video shows how to make sugar glass, substitute for real glass in movies that involve breaking of the “glass”. (2:03 video, after short ad: http://on.aol.com/video/sugar-glass-recipe-517192434)

This video shows how sugar is extracted from sugar cane. (9:35 video: http://www.youtube.com/watch?v=ZBOou6cahtw)

This video shows a commercial manufacturer making ribbon candy (1:34 video—Christmas Carol background music, no discussion, following a short ad: http://www.youtube.com/watch?v=C9jAd6NRMW0&feature=player_embedded)

Ever wonder how jelly beans are made? Check it out here. (4:40 video: http://www.youtube.com/watch?v=J2g2RVed4nI)

Or candy canes? (4:54 video: http://www.youtube.com/watch?v=1OMx7xhxu70)

Or smiley face hard candy? (26:00 video: http://www.youtube.com/watch?v=FcAEw8UA7II)

Dr. Richard Hartell from the University of Wisconsin-Madison shows how to make cotton candy, from Bytesize Science, an American Chemical Society production. (1:54 video clip: http://www.youtube.com/watch?v=qm6RcneM7kA)

This is the 1-1/2 hour-long “Bitter Truth on Sugar” lecture video by Dr. Robert Lustig, Doctor of Pediatrics at the University of California, San Francisco. He maintains that fructose in sugar and high fructose corn syrup (both about 50% fructose) are the cause of today’s obesity epidemic—“They are dangerous … Sugar is a poison.” (1:30:00 video: http://www.youtube.com/watch?v=dBnniua6-oM)
General Web References
(Web information not solely related to article topic)


PhET, from the University of Colorado, Boulder, provides a wealth of teacher-prepared materials, all built around an extensive series of computer simulations that can be downloaded, or accessed directly from their site. Their collection of simulations includes all sciences and all levels of students. The ancillary materials include labs, worksheets, question sets and demonstrations. Choose a science topic from their pull-down list and browse the available materials on that topic. You might also want to inform your science colleagues of the site’s existence. (http://phet.colorado.edu/)

These Web sites contain the complete first version of the NSF-sponsored program ChemSource®: http://chemmovies.unl.edu/chem_source_pdf/ChemSource.html (Don’t let the “chemmovies” in the title fool you.), or http://dwb.unl.edu/ChemSource/ChemSource.html.

 The Web site contains materials in pdf format that are the equivalent of 4- very thick binders of information for all chemistry teachers. Each of the 40 modules (48 modules in the second edition) that comprise the major topics of (and go beyond) the typical high school chemistry course includes invaluable materials for both teacher and student. These include performance objectives, central concepts, labs, demonstrations, group activities and discussion topics, links to other chemistry topics and to everyday life, student misconceptions, humor, history, A-V aids, references, and appendices containing ancillary materials for the teacher.

Version 3.0 of the ChemSource® materials is available on DVD from ACS ($60): https://www.store.acs.org/eweb/ACSTemplatePage.aspx?site=ACS_Store&WebCode=storeItemDetail&parentKey=cbf9d4e6-3ae0-411c-95d3-12808813daf1.

(� HYPERLINK "http://www.middleschoolchemistry.com/img/content/multimedia/chapter_5/lesson_6/solubility_curve_big.jpg" �http://www.middleschoolchemistry.com/img/content/multimedia/chapter_5/lesson_6/solubility_curve_big.jpg�)





(� HYPERLINK "http://www.personal.kent.edu/~cearley/ChemWrld/sugarwater/sugar.htm" �http://www.personal.kent.edu/~cearley/ChemWrld/sugarwater/sugar.htm�)
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