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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. What is BVO?
2. Why is BVO added to soft drinks?
3. What is the oil in soft drinks that requires BVO for mixing the oil with water?

4. Why will the flavoring agent, citrus oil, dissolve in BVO but not in the water of the soda?
5. Why does adding bromine increase the density of vegetable oil?

6. What are the effects of the element bromine when in contact with or in close proximity to human tissue?
7. What is the association between ingesting bromine in compounds (such as sedatives) and the function of the thyroid and the brain?

8. What is the evidence that consuming BVO-containing drinks on a casual basis will produce the same symptoms as found in those people who consume very large amounts of drinks with BVO in them?

9. What are the alternatives to BVO that are currently being used by various soda manufacturers?

10. What are emulsifiers and how do they work?
Answers to Student Questions
1. What is BVO?
BVO stands for brominated vegetable oil. BVO is created by adding bromine to vegetable oil.
2. Why is BVO added to soft drinks?
The BVO is added to soft drinks in order to keep flavoring agents (oils of various citrus fruits) suspended in the soda solution. The BVO has a density nearly equal to that of the water, keeping the oil from floating to the top.

3. What is the oil in soft drinks that requires BVO for mixing the oil with water?
The oil in soft drinks is from citrus fruits and is used for flavoring the soda drink.
4. Why will the flavoring agent, citrus oil, dissolve in BVO but not in the water of the soda?

Citrus oil dissolves in BVO but not water because water is different chemically from BVO, due to differences related to polarity (polar and non-polar) that determine if two substances mix or not. The citrus oils are non-polar and will not mix with polar water but can mix with the non-polar BVO which remains suspended in the solution.
5. Why does adding bromine increase the density of vegetable oil?

Adding bromine to vegetable oil increases the density of the (now brominated) vegetable oil because bromine is a heavy element, relative to the carbon atoms in the vegetable oil, without being much bigger than carbon, so it makes the whole new molecule heavier/denser.
6. What are the effects of the element bromine when in contact with or in close proximity to human tissue?

Bromine, by itself, can cause irritation to the eyes and lungs. It can also cause thyroid problems.
7. What is the association between ingesting bromine in compounds (such as sedatives) and the function of the thyroid and brain?
In sedatives, bromine can cause side effects such as depression, memory loss, hallucinations, tremors, and confusion. It is also thought that when rats and humans have been exposed to bromine, there is delay in brain development, early onset of puberty, and the disruption of hormone function.
8. What is the evidence that consuming BVO-containing drinks on a casual basis will produce the same symptoms as found in people who consume very large amounts of drinks with BVO in them?
There is little if any evidence and few studies done on the impact of BVO on casual consumers. (Note that this does not mean it is safe, merely that there is no evidence that it is NOT safe—the FDA is still waiting, 44 years later, for the results of the studies!)
9. What are the alternatives to BVO that are currently being used by various soda manufacturers?
Two different chemicals are being used in the USA and overseas as substitutes for BVO. One compound is sucrose acetate isobutryate and the other is glycerol ester of wood rosin.
10. What are emulsifiers and how do they work?

Emulsifiers are chemicals that help disperse other molecules in a solution. These molecules typically have both polar and non-polar ends that can interact with other molecules, both polar and non-polar, and can keep them evenly dispersed throughout the mixture.
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. Adding bromine decreases the density of vegetable oil.

	
	
	2. Brominated vegetable oil (BVO) floats on top of water.

	
	
	3. Citrus oil molecules dissolve in both water and BVO.



	
	
	4. Bromine is colorless and odorless.

	
	
	5. Studies on lab rats show that bromine can build up in fatty tissues and disrupt the functioning of hormones.

	
	
	6. BVO is found in citrus-flavored soft drinks and sports drinks.

	
	
	7. BVO is approved for use in the European Union and Japan.

	
	
	8. The U. S. Food and Drug Administration (FDA) bases the acceptable level of BVO in food on studies done in the 1990s.

	
	
	9. Pepsi has replaced BVO in its soft drinks with an emulsifier that has FDA approval.

	
	
	10. A college student who was rushed to the hospital with tremors and skin lesions (probably caused by drinking too much soda) has fully recovered. 


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. Links to Common Core Standards for writing: Ask students to explain the information to a person who has not taken chemistry. Students should provide evidence from the article or other references to support reasons why use of BVO may be dangerous, especially to teenagers.

2. Vocabulary and concepts that are reinforced in this issue:

· Carbohydrates

· Equilibrium

· Structural formulas 

· Emulsifier

· Polarity

· Surfactant

· Surface tension

3. 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 the article, complete the graphic organizer below to describe BVO.
	What is it?
	

	Who uses it?
	

	Where is it found?
	

	Why is it used?
	

	What elements are in it?
	

	What are some better alternatives?
	

	When was it approved for use in the U. S.?
	

	What are some possible hazards of using it?
	


Background Information 
(teacher information)
More on bromine-containing products used in non-soda products

The issue about brominated vegetable oil (BVO) and its safety as a food additive is dependent upon long term studies on the effect of BVO in humans. These long term studies on humans have not been done by the FDA or other groups such as the Flavor Extract Manufacturing Association (FEMA). The FDA is not required to do such studies—rather food manufacturers are responsible, submitting their research data to the FDA for evaluation. The first study about BVO was done on rats in 1969 and showed cardiotoxicity at high doses. This was the basis for the FDA in 1970 to remove BVO from the “generally recognized as safe” category (GRAS). Six months later, BVO was allowed to be used in doses not to exceed 15 parts per million (ppm). BVO has been sitting on an FDA list of safe food additives on an interim basis ever since. The list includes things like saccharin, mannitol, and acrylonitrile copolymers. The FDA’s response to the concerns about BVO is that the additive is safe if it does not exceed the recommended maximum dose of 15 (ppm).  Since the FDA determines what needs to be evaluated, based on risk assessments, the agency has concluded it has other priorities than re-evaluating BVO. And the agency says that BVO is not in regulatory limbo. For a summary discussion about the issue of BVO safety and the FDA’s involvement, refer to the following website: http://www.foodnavigator-usa.com/Regulation/FDA-Brominated-vegetable-oil-BVO-is-safe-so-removing-its-interim-status-is-not-a-priority.

The key issue with regard to the safety of bromine, in whatever compound it is found, is the extent to which it builds up in the tissue (particularly fat tissue) and what long term effect this chemical buildup has on humans. Excessive exposure to bromine in various compounds does create some health issues. Negative effects of bromine on human physiology have been determined as much by anecdotal evidence as long term studies. 

But before getting into that subject, bromine in various compounds continues to serve a variety of purposes, chemically speaking. In its simplest form, potassium bromide, KBr, is used in veterinary medicine to treat epilepsy in dogs. The presence of bromine in the body is necessary for tissue development. Also in our bodies, an anti-parasitic enzyme preferentially uses bromine rather than chlorine in the immune system. Our body’s eosinophils (specialized white blood cells) use the bromine in the presence of hydrogen peroxide as an enzyme (a peroxidase) to kill a variety of parasitic worms as well as certain bacteria, including the tuberculosis bacterium.

Many active ingredients in over-the-counter or prescription drugs contain bromine. Many others rely on brominated intermediates during their manufacture. One example is the general anesthetic, halothane, which contains a bromine atom in its chemical structure. Naproxen, a new analgesic, utilizes a brominated intermediate in its manufacture. The antihistamine, bromopheniramine maleate, and the cough medicine, dextromethorphan hydrobromide, also utilize bromine in their make-up. And several drugs that treat pneumonia and cocaine addiction contain bromine. Bromhexine improves the performance of amoxicillin in the treatment of pneumonia. Bromocriptine is effective in the treatment of cocaine addiction. Research continues with a brominated drug, 1-bromogalanthamine, being developed for potential use in treating Alzheimer's disease. Several other bromine-containing drugs are being studied for their use in treating cancer and AIDS.

Other brominated products are used as fumigants, flame proofing agents, water purification compounds, dyes and sanitizers, and inorganic bromides are still used in photography.

The use of brominated compounds to control insects indirectly illustrates why brominated compounds were taken out of sedatives years ago—because they adversely affect the nervous system when used excessively or long term. An insecticide such as methyl bromide interferes with the function of an insect’s nervous system. These bromides are highly effective soil fumigants and are also used to fumigate grain in storage. Bromine-containing compounds are used in swimming pools and industrial cooling towers to control algae, bacteria, and odors.
More on bromine-containing products

As mentioned, bromine is a useful component of both pesticides, water purification and, of course, in drugs. Information on safety and levels of tolerance for bromine is found at http://www.epa.gov/oppsrrd1/REDs/old_reds/bromine.pdf and http://www.epa.gov/oppsrrd1/REDs/factsheets/4015fact.pdf.

Bromine in the form of bromides (KBr, NaBr) has a long history of use as a diuretic, antiepileptic and sedative. The human health effects of these compounds are well known. Bromides depress the central nervous system when taken daily at a level of 1–2 grams per day. Their effect is slowly reversed when dosing is stopped. Bromide has a half-life of about 12 days in the human body.

Doses of 1.9 to 2.9 grams per day given to patients over a four month period did not induce signs of bromide intoxication. A moderate amount of bromide to treat epilepsy is 50 mg per kg of body weight. The lowest levels from oral ingestion of bromides (in water) resulting in bromide intoxication is 100 mg/dl (of blood) but signs of intoxication may not appear even when blood levels are over 200 mg/dl. Compare that with the upper limit allowed by the FDA for bromine, in the form of BVO, of 15 ppm in soda and other drinks that contain BVO! But again, the concern is the cumulative effect of ingesting bromine.

Bromine is used in flame retardants, which saw an increased use in the early 1970s in flammable materials, such as plastics and synthetic fibers, which became more abundant in various products, including furniture and electronics, among other things. Some examples of the main commercial brominated flame retardants (BFRs) are:

· TBBPA: Tetrabromobiphenol-A

· HBCD: Hexabromocyclododecane

· Deca-BDE: Decabromodiphenylether

Brominated flame retardants make ignition more difficult in the first place. With combustion occurring, the retardants suppress the combustion process through the release of bromine atoms into the gas phase of a fire as the retardant-containing material burns. These bromine atoms (in the gaseous phase) “interfere” with the combustion process by displacing oxygen molecules needed for combustion. Reducing the amount of oxygen available reduces the intensity (rate) of the combustion process, lowering the temperature which, in turn, reduces the combustion rate because lower temperatures mean fewer fuel particles released in the gaseous phase. The bromine containing fire retardants also increase the amount of charring, which further reduces the combustion rate since the charred surface decreases access at the combustion surface to the air needed for burning.

(http://www.bsef.com/bromine-fire-safety-infosheet)
More on bromine effects on health

Studies on flame retardants that contain bromine show that the buildup of these chemicals in the body disrupts hormone function, in particular, the thyroid-stimulating hormone, TSH. This in turn may interfere with the functioning of the thyroid, which is responsible for secreting the hormone, thyroxin, which controls cellular metabolism. Government studies show that, although bromine competes with iodine in the synthesis of thyroxin, if iodine concentration in the blood is greater than bromine, iodine “wins out” in terms of its uptake by the thyroid gland. In addition, even if bromine levels in the blood are higher than iodine, there is an increase in the secretion of TSH (from the pituitary gland in the brain) as a response to lowered levels of iodine (feedback response). So this counters any reduction in thyroxin production by the thyroid gland.

Potassium bromate (KBrO3) is a food additive, particularly in wheat flour. Its negative effects on health are not known directly. It is listed as a Class 2B carcinogen, which means its effects have been determined in lab animals (rats) only. Studies have not been done with feeding brominated flour products to animals, just the feeding orally of potassium bromate. Potassium bromate has been used in the US baking industry since 1914. Its function in bread-making is to increase the elasticity of the dough by strengthening its network of molecular bridges, which results in the formation of tiny, thin-walled bubbles as the bread rises.

 The making of “clumped” bread dough is accomplished by increasing the number of gluten bonds between dough “particles”. This is done by oxidation through the reaction of potassium bromate with the dough ingredients. Without the bromate, the dough formation would depend on oxygen worked into the dough by the kneading of the bread. The bromate, through oxidation, speeds up the process, producing a better rising of the dough. The gluten is the glue that binds, literally!

In the baking process, the unreacted bromate is converted to harmless potassium bromide. That there is some unreacted potassium bromate in the range of 20 parts per billion or less is acceptable to the FDA. Yet brominated flour products are banned in Canada, Europe, Brazil, and China, among other countries. Ascorbic acid is a recommended substitute for potassium bromate. The FDA suggests that the flour industry not include the bromate in its products, but it is a voluntary action by the industry.
More on drinking soda 


Although the ChemMatters article is about brominated vegetable oil (BVO) as an additive in soda, there are probably fewer issues with that ingredient in soda than with sugar substances in drinks and the extent to which people consume soda, both the diet variety as well as the regularly sweetened variety. The obesity epidemic is very much tied to the overconsumption of calories, including those found in sugary drinks. Soft drinks are considered a significant part of the American diet. The beverage industry is an $80 billion per year business with some $64 billion spent by people on carbonated soft drinks. Regular soda accounts for about 73% of sales, diet soda about 27%.

Current medical studies suggest that the high level consumption of sugar is possibly more detrimental to our health than fat in our diet. The rise of diabetes Type 2 in children and adults may very well be attributed to the excess of sugar in the diet and its effect on the overstimulation of insulin secretion which in turn increases the sense of hunger and more food (calorie) consumption! So one could make the argument that people should be much more concerned about the overconsumption of soda and its sugar content than about the presence of BVO, if there is still such in soda these days. Actually, there is still BVO in Mountain Dew®, Squirt®, Fanta Orange, Sunkist Pineapple, Gatorade Thirst Quencher Orange, Powerade Strawberry Lemonade and Fresca Original Citrus. As a generalization, the following are typical ingredients in soda:

Carbonated Water

Fructose corn syrup or sucrose

Caramel color

Phosphoric acid

Natural flavors

Caffeine

Citric acid

Sodium citrate

Sodium benzoate

Modified food starch

Ester gum

Red 40

Yellow 5

Malic acid
The following chart lists a variety of beverages and calorie content: (note that orange juice contains more calories than soda!)

	Beverage
	Serving Size
	*Calories

	Soda
	12 ounces
	124-189

	Diet soda
	12 ounces
	0-7

	Bottled sweet tea
	12 ounces
	129-143

	Brewed tea, unsweetened
	12 ounces
	4

	Orange juice, unsweetened
	12 ounces
	157-168

	Apple juice, unsweetened
	12 ounces
	169-175

	Tomato/Vegetable juice
	12 ounces
	80

	Cranberry juice cocktail
	12 ounces
	205

	Whole Milk
	12 ounces
	220

	2% low-fat milk
	12 ounces
	183

	1% low-fat milk
	12 ounces
	154

	Nonfat milk
	12 ounces
	125

	Soy milk
	12 ounces
	147-191

	Coffee, black
	12 ounces
	0-4

	Coffee with cream (2 tablespoons
half and half)
	12 ounces
	39-43

	Coffee with whipped cream (2
tablespoons from can)
	12 ounces
	15-19

	Coffee with heavy whipping cream
(2 tablespoons)
	12 ounces
	104-108

	Caffe Latte, whole milk (Starbucks)
	12 ounces
	200

	Caffe Latte, nonfat (Starbucks)
	12 ounces
	120

	Sports drink (like Gatorade)
	12 ounces
	94

	Energy drink (like Red Bull)
	12 ounces
	160

	Beer
	12 ounces
	153

	Red wine
	5 ounces
	125

	White wine
	5 ounces
	122

	Hard liquor (vodka, rum, whiskey,
gin; 80 proof)
	1.5 ounces
	96


(http://www.webmd.com/diet/calories-in-drinks-and-popular-beverages )

Associated with the presence of sugar in soda and other sweetened drinks is the issue of the kinds of sweeteners, in particular, high fructose corn syrup (HFCS). The debate rages on over just what deleterious effect HFCS has on the body, and, in particular, on the liver. The scientific data is conflicting since it is hard to carry out studies on humans.

A causal role of fructose intake in the etiology of the global obesity epidemic has been proposed in recent years. This proposition, however, rests on controversial interpretations of two distinct lines of research. On one hand, in mechanistic intervention studies, detrimental metabolic effects have been observed after excessive isolated fructose intakes in animals and human subjects. On the other hand, food disappearance data indicate that fructose consumption from added sugars has increased over the past decades and paralleled the increase in obesity. Both lines of research are presently insufficient to demonstrate a causal role of fructose in metabolic diseases, however. Most mechanistic intervention studies were performed on subjects fed large amounts of pure fructose, while fructose is ordinarily ingested together with glucose. The use of food disappearance data does not accurately reflect food consumption, and hence cannot be used as evidence of a causal link between fructose intake and obesity. Based on a thorough review of the literature, we demonstrate that fructose, as commonly consumed in mixed carbohydrate sources, does not exert specific metabolic effects that can account for an increase in body weight. Consequently, public health recommendations and policies aiming at reducing fructose consumption only, without additional diet and lifestyle targets, would be disputable and impractical. Although the available evidence indicates that the consumption of sugar-sweetened beverages is associated with body-weight gain, and it may be that fructose is among the main constituents of these beverages, energy overconsumption is much more important to consider in terms of the obesity epidemic.

(http://journals.cambridge.org/action/displayFulltext?type=6&fid=9212194&jid=NRR&volumeId=-1&issueId=-1&aid=9212193&bodyId=&membershipNumber=&societyETOCSession=&fulltextType=RA&fileId=S0954422414000067#cjotab_)
Refer to complementary articles on the issue of reliable statistical research studying the relationship between consuming sugary soda drinks and obesity: http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=2943452&fileId=S0954422408110976 and http://earthsky.org/human-world/a-brief-history-of-high-fructose-corn-syrup.
More on sugar and obesity

Since many drinks, including soda, contain a number of sweeteners, both sugar based and synthetic types, it is necessary to look at the relationship between consuming these sweeteners and obesity, as well as the development of Type 2 diabetes. In some respects, these health issues may be of more importance than the effects of low levels of bromine in the human body. According to the Harvard School of Public Health, two out of three adults and one out of three children are overweight or obese. The US spends an estimated $190 billion per year to treat obesity-related health conditions. Much of this obesity can be attributed to the consumption of sugary drinks.

One 20 ounce soda contains 15-18 teaspoons of sugar, responsible for 240 calories. The problem here is that after drinking this amount of liquid, they do not feel as full as having eaten solid food with the same number of calories. Hence there is a tendency to consume even more of this high caloric food! What is the connection between excess consumption of sugary drinks and obesity? In 1970, sugary drinks made up about 4% of US daily caloric intake; by 2001, that had risen to 9%. Children and youth averaged 224 calories per day from sugary beverages between 1999 and 2004, nearly 11% of their daily intake. For children in the age bracket of 6 to 11, calories per day increased by 60%,from 130 to 209 during the time frame of 1989 to 2008. The percentage of children consuming these drinks rose from 79% to 91%. Sugary drinks (including soda, sport drinks and energy drinks) are the top source of teens’ calories in their diet (226 calories per day), beating out pizza!
A study that followed 40,000 men for two decades found that those who averaged one can of sugary beverage per day has a 20% higher risk of having a heart attack or dying from a heart attack than men who rarely consumed sugary drinks. A related study in women found a similar sugary beverage-heart disease link.
(http://www.hsph.harvard.edu/nutritionsource/sugary-drinks-fact-sheet/ and http://www.hsph.harvard.edu/wp-content/uploads/sites/30/2012/10/sugary-drinks-and-obesity-fact-sheet-june-2012-the-nutrition-source.pdf)
The problem with obesity is its relationship to cardiovascular disease (CVD). According to the American Heart Association, obesity is a health risk factor linked to increased cardiovascular condition (CVC), stroke, cancer, hypertension (high blood pressure), diabetes, and early death. The famous Framingham Heart Study (long term investigation) found that obese individuals had an incredible 104% increase in the risk of developing heart failure compared to non-overweight individuals. With more than 35% of US adults being obese, if the trend continues, the obesity rates in adults could reach or exceed 44% in every state by 2030.

A map that shows the incidence of obesity by state follows.
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(http://www.cdc.gov/obesity/data/adult.html)

The History of State Obesity Prevalence (from the CDC)
There was a dramatic increase in obesity in the United States from 1990 through 2010. State prevalence prior to 2011 is provided for historical information only. Historical rates should not be compared to rates from 2011 and forward due to changes in survey methods. No state met the nation's Healthy People 2010 External Web Site Icon goal to lower obesity prevalence to 15%. Rather, in 2010, there were 12 states with an obesity prevalence of 30%. In 2000, no state had an obesity prevalence of 30% or more.

More on the relationship between sugar, insulin, obesity and Type2 diabetes

When looking at obesity and sugar consumption, one has to understand the relationship between sugar and insulin. One medical researcher blames insulin for 75% of all obesity. His argument is that insulin, a hormone, directs a source of chemical energy (carbohydrates, protein, and fats) into fat cells. The lowest energy source is protein (amino acids). Consuming protein is less likely to be converted to fat in fat cells because sugar is a preferred source for conversion into fat. The more sugar consumed, the more insulin is released, which in turn converts the sugar into fat for storage. There is a link between people who are overweight (excessive is obese) and their developing Type 2 diabetes. The explanation is that being overweight increases the stress on the body and its ability to maintain proper blood glucose levels (with increased level of sugar in the blood, the pancreas works harder to produce more insulin). Being overweight can cause the body to become resistant to insulin, that is, insulin is no longer able to induce sugar uptake by body cells for cellular metabolism. The map below is an animated one (when viewed online), which shows yearly obesity rates and their changes, from 1985 to 2010. Go to the following website to view the animated map below: http://www.cdc.gov/obesity/data/adult.html.
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Connections to Chemistry Concepts 
(for correlation to course curriculum)
1. Polarity—The solubility of citrus oils in BVO is an illustration of the mechanism by which “like dissolves like”: polar and polar, non-polar and non-polar. It is a basic concept that students can easily investigate to arrive at the association between “likes”, assuming they are able to identify the starting substances as polar and non-polar.

2. Emulsion—The concept of an emulsion is particularly important in the drinks industry because of the issue of the separation of components in an emulsion. This separation is dependent on the size of the molecules in the emulsion—the smaller the better in terms of limiting the extent of this separation upon long standing (shelf life) of the drink.
3. Solubility—What dissolves and what doesn’t in the production of a drink (a solution) requires additives that either have a high solubility or require a solvent that is compatible with the solute—matching polarity characteristics.
4. Density—The fact that the citrus oils would normally form a layer in a soda solution is due to both the insolubility of the oil in water as well as a difference in density, the oil being less dense than the water. Adding a more dense liquid (BVO) allows the oil to dissolve in the BVO, producing a mix that “matches” the density of the water and allows mixing (forms an emulsion).

5. Organic chemistry: saturated, unsaturated bonds—Adding elements to a molecule, as in the formation of BVO when bromine atoms are added to a carbon compound with double bonds, is possible because of these so-called unsaturated bonds, covalent bonds that can be double or triple between two elements in a molecule. These bonds are considered “reactive”; in a sense they have “extra” electrons for further reaction, even though they are relatively stable “as is”.

6. Ester—The formation of the BVO molecule from three fatty acids and an alcohol (glycerol) is an example of an ester reaction. For example. Esters are frequently used in foods for flavoring. Many of the fruit and nut flavors are synthesized through ester reactions.

Possible Student Misconceptions 
(to aid teacher in addressing misconceptions)
1. “Since ‘… there is little evidence and few studies looking at the impact of BVO on casual consumers …’ that obviously means BVOs are safe to drink.” While it is true that studies have not yet been done, we should not assume BVOs are inherently safe. That’s why the FDA commissioned studies on BVOs way back in 1970. It is the FDA’s job to test materials we ingest to ensure their safety.
2. “Since bromine atoms are heavier than carbon atoms, they MUST be denser than carbon.” Actually, that doesn’t HAVE to be true, although bromine IS denser than carbon in this case. There are two factors to consider with density—mass AND volume (M=D/V). Bromine atoms ARE denser than carbon atoms, but not JUST because they’re heavier, or more massive (80 amu for bromine vs. 12 amu for carbon), which would increase the density; they are also just a bit larger (114 pm for bromine vs. 77 pm for carbon), which would decrease the density. Thus, since the mass ratio (bromine:carbon) is significantly larger than the volume ratio, bromine’s density ends up being greater than that of carbon. 
3. “So, bromine is bleach, eh?” This is at least partially, although not entirely, true. According to the article, bromine is “… a reddish-brown nonmetallic element found in seawater that has a bleach-like odor …” That doesn’t necessarily mean that it is bleach, at least not the kind of bleach we usually encounter. The most common bleach used around the house for cleaning and disinfecting is a dilute solution of hypochlorous acid, HOCl. It contains chlorine, which is a member of the halogens, the same family as bromine. That means chlorine and bromine have similar properties, one of which is odor. But household bleach contains NO bromine. Having said that, bromine is used in swimming pools as a disinfectant, much like its “cousin” chlorine. In water, bromine forms HOBr, very similar to HOCl; both are bleaches.

Anticipating Student Questions
(answers to questions students might ask in class)
1. “What are the main ingredients in sodas?” Soda is mostly water that is sweetened with sucrose and high fructose corn syrup. Carbon dioxide is “bubbled” into the liquid for the fizz. Flavorings in lesser amounts give different sodas different tastes. You can make your own soda, including root beer, with healthier amounts of additives, particularly with regard to high fructose corn syrup. Since the root beer is produced by yeast fermentation, it ends up being carbonated! Look at cans of soda for their ingredients, and compare the different types (fruity sodas vs. cola types). Remember that the ingredients are listed from highest quantity to lowest. A generalized listing of ingredients that can be found in soda is as follows:
Carbonated Water
Fructose corn syrup or sucrose
Caramel color
Phosphoric acid
Natural flavors
Caffeine
Citric acid
Sodium citrate
Sodium benzoate
Modified food starch
Ester gum
Red 40
Yellow 5
Malic acid
A listing of specific contents for some of the name brand sodas is found at http://www.buzzle.com/articles/soda-ingredients.html.
2. “Is it true that Coca Cola contains cocaine?” Not anymore! In the early days of Coca Cola (1893), it did contain both cocaine and alcohol! What a combination! Hence the word “coca”. By 1903, anti-narcotic legislation in different states forced Coke’s creator to abandon the cocaine in the drink. However, to this day, Coca Cola does contain some non-cocaine substances extracted from coca leaves as part of the distinct flavor of the drink. For example, in 2003, some 175,000 kilograms of coca leaves were imported by a processing plant in NJ for extracting non-cocaine substances for use in Coca Cola manufacturing. (If you want to read the story behind the creation of the Coca Cola drink after the end of the Civil War, refer to this website: http://www.theatlantic.com/health/archive/2013/01/why-we-took-cocaine-out-of-soda/272694/.
3. “How is it possible for a diet soda with “diet” (artificial) sweetener not to contain calories?” The artificial sweeteners contained in soda are not absorbed in the digestive system and therefore not metabolized. Rather they pass out of digestive system unutilized. If a substance is not metabolized, it is not considered a calorie source.

4. “If soda is mostly water, why is drinking soda considered a culprit in the development of obesity in teenagers?” The issue is not the water but the sugar in the water. The development of obesity is depended not only on how much soda is drunk but also on how many other sources of calories are consumed (think “chips”!). It is total calories, not just their source. There is controversy over the role of high fructose corn syrup (HFCS) in soda causing obesity. But well-designed investigative studies fail to attribute the obesity problem to HFCS per se. It seems as though total calorie consumption as well as other life style habits (lack of exercise) contribute more to being overweight and obesity than any one particular calorie source such as HFCS.
5. “How do Gatorade® and other sport drinks differ from soda?” These drinks are developed primarily to replace salts and water lost during vigorous exercise lasting more than an hour. They contain more salt than regular soda. They also contain a mix of sucrose and dextrose rather than HFCS. But, like regular soda, there is citric acid or sodium citrate along with monopotassium phosphate for flavoring. There is no carbonation, of course. The purpose of these sports drinks is to rehydrate (including sugar increases the rate of water absorption compared with water alone) and to restore salts lost in excess sweating. But the simple fact of the matter is that drinking plain water is as effective for rehydration as any of the sport drinks!
6. “How is soda carbonated?” The soda solution is carbonated in a mechanical rather than a chemical process. The soda solution (with its many ingredients dissolved in water) is passed into a chamber that is devoid of air but filled with carbon dioxide gas at four times atmospheric pressure. The soda solution cascades over a series of metal plates at a temperature of 0 to 4 degrees C. The mechanical action of the flow of soda over the plates at the high pressure mixes carbon dioxide gas into the soda.
In-Class Activities

(lesson ideas, including labs & demonstrations)
1. Have students bring in different containers of soda to check their contents. Include both fruit flavored soda as well as the standard sodas (Coke®, Pepsi®, Dr. Pepper®, ginger ale, orange, citrus, sports drinks). Is any BVO listed? Are calories listed? Are the percent of daily requirements for sugar, salt, fat, and protein listed? Students should then consider just how much of their daily caloric intake is being met by one can of soda. How many cans of soda would produce a person’s maximum recommended daily caloric input? What is considered to be the average number of calories in the diet for a teenager per day? What are other sources of calories besides soda?
2. Distillation of cherry cola or cherry soda allows students to utilize separation techniques and possible identification of components of a soda (by boiling point, odor, and chemical tests).
· One good lab procedure for distillation (with useful questions for the students) is found at http://www.learner.org/workshops/chemistry/support/act5_b1.pdf. 
· A second lab guide is found at http://saxonylutheranlovechemistry.wikispaces.com/file/view/Cherry+Soda+Distillation.pdf.

· And here’s another one, from the Chemical Heritage Foundation, complete with Teacher’s Guide. This one puts the experiment in a historical context, connecting it (loosely) to the discovery of medicines from plant and animal material through the use of separation techniques (http://wayback.archive-it.org/2118/20100924234202/http://64.251.202.97/EducationalServices/pharm/chemo/activity/sep.htm)

3. Students can test for the major food groups in soda (use a colorless soda) as well as carbon dioxide. Refer to http://www.seplessons.org/node/362 for lab procedures. The site includes specific reagents needed for testing the different food groups. Note the activity is not specifically for soda, but for any food material.

4. Students could measure the amount of carbon dioxide gas in their soda drinks. Is it true, for instance, that orange soda has less carbon dioxide than ginger ale or Coke?

a) One lab procedure for measuring the amount of CO2 in soda: “Place an unopened bottle on the scale and tare it. Now shake the bottle vigorously without opening it. You will feel a lot of reactions happening inside. Once the froth has subsided, open the bottle slowly and let the gas or the fizz escape. Make sure that you do not spill out any of the beverage at this point. Now measure the bottle again. Repeat the process a few more times. You will find that after 5-6 readings the mass does not change much. This means, all the fizz has escaped. The difference, you see now, is the total amount of carbon dioxide [that was] present. To confirm your observations, try it with a few more bottles.” Read more at Buzzle: http://www.buzzle.com/articles/carbon-dioxide-in-soda.html . This site has additional introductory information. Students can also do the lime water test for carbon dioxide dissolved in water (exhaled air) or colorless soda (Club soda) before and after vigorous shaking.

b) A second approach to this type of experiment is well documented at http://engineering.oregonstate.edu/momentum/k12/mar06/ and may be more accurate.
c) To measure the volume of carbon dioxide in a carbonated beverage using a syringe, utilize the ChemMatters CD archives (To access this CD archive resource, consult the section titled “Non-web based resources”, further on in this Teacher Guide). The reference for a lab activity measuring carbon dioxide in soda, utilizing a syringe, is found in the “Experimenter’s Notebook”, ChemMatters 1984, 2 (1), p 12.
d) Finally, a very comprehensive lab on carbon dioxide gas and its measurement uses balloons to collect the gas and the volume of collected gas is measured by water displacement. This is a very extensive lab activity with an included collection of thought questions. Access to this activity is found at http://www.chemheritage.org/Downloads/Classroom-Activities/Teacher-Guide--Priestley.pdf.

5. Glucose and fructose, both found in soda are metabolized differently. Glucose can be taken up by cells directly and used in respiration (for generating energy. Fructose cannot be utilized directly by cells for energy. Rather, it is processed by the liver and is converted into several lipid-related molecules. In making high fructose corn syrup (HFCS), some of the glucose found in corn syrup is enzymatically converted to fructose to increase the sweetness of the corn syrup. A lab exercise on the conversion of glucose to fructose, utilizing enzymes, is found at http://www.math.unl.edu/~jump/Center1/Labs/ConversionofGlucosetoFructose.pdf.
The reference also contains useful background information.

6. A lab activity to illustrate polar/non-polar properties is easily done with procedures outlined in most high school textbooks and lab manuals. One example of a microscale lab investigating polar and non-polar substances is found at http://dwb.unl.edu/chemistry/microscale/MScale26.html. This activity allows students to make the connection between what dissolves in what, that “like dissolves like”. Utilizing water vs. vegetable oil for starters, students then try dissolving common solids (sugar, salt, solid iodine and naphthalene) as well as some liquids (isopropyl alcohol, an intermediate on the polar/non-polar scale, toluene, hexane, vinegar, kerosene and lamp oil).

7. Students can perform electrolysis of a bromide salt (CuBr2) in solution to produce liquid bromine, Br2, which will be apparent by its color and separation from the water solution. This is the process that Herbert Dow used in the late 19th C. to extract bromine from underground brine, rather than a complex series of chemical reactions that had been used previously. Refer to the following lab procedure: http://www.flinnsci.com/media/620463/91208.pdf. 

Note that CuBr2 is used in this experiment to make the Br2, and KI is also used to prepare I2.

8. Students can compare the density of regularly sweetened soda with diet soda. Students can place a can of diet soda and a can of regular soda in a large container of water (bucket) and see which, if any, sinks and which floats. The diet soda will not sink. Have students read the contents of each type of soda and note the differences. What component might be most responsible for the higher density of regular soda? Students could also determine the density of each type of soda using standard methods for determining density of a liquid. (Use very cold soda and pour the liquid slowly into a graduated cylinder to minimize evolution of CO2.) Ask the students if the foaming of the soda makes a difference in measuring the mass and volume of the soda. Students could also compare different sodas (Coke® vs. Pepsi® vs. Mountain Dew®, etc.).

Out-of-class Activities and Projects 
(student research, class projects)
1. The whole controversy surrounding the health effects of high fructose corn syrup (HFCS) presents a challenging research project for some students. What is the research data that suggests eating HFCS is a problem—how much consumption is necessary for it to be a problem? How does fructose metabolism differ from glucose metabolism? Does this create detrimental health problems for people? What is the evidence?

2. The role of soda consumption by youth in the obesity epidemic could be researched by students and presented to the class. What are some of the suggested changes in lifestyle for children and teenagers that are doable and practical? Students should survey their schools for soda and sweet drinks vending machines. Should the machines be part of school? Are they there just for making money for school? Can they be removed, after consulting the student body, explaining the problem of having a convenient and tempting source of sugary drinks?

3. Students could make their own soda concoctions, skipping the high sugar commercial drinks. A simple, basic recipe is found at http://www.sheknows.com/food-and-recipes/articles/808584/how-to-make-homemade-soda.
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Brownlee, C. Sweet but Good for You? ChemMatters 2011, 29 (2), pp 12–14. The author explains how high fructose corn syrup (HFCS) is produced from corn starch and why it is sweeter than the plant sugar, sucrose. There are illustrations of the important sugar molecules (mono-, di- and polysaccharides) involved in the production of HFCS.
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Web Sites for Additional Information 
(Web-based information sources)
More sites on bromine


The origins of the bromine industry in the USA, which became a serious competitor to the European chemical industry in the 19th C. is a very interesting chemistry story. In particular was the utilization of electrolysis for extracting bromine from underground brine by Herbert H. Dow rather than an involved, multistep chemical process to free the bromine from the brine as was being done in Europe. This was the beginning of the Dow Chemical industry. Refer to the story at http://www.acs.org/content/acs/en/education/whatischemistry/landmarks/bromineproduction.html.

Concise information about bromine and bromides, their use, and their impact on health is found at www.portal.state.pa.us/portal/server.pt/document/1098747/fact_sheet_-_bromide_with_point_references_.
More sites on fructose as the source of obesity

In the reference, http://earthsky.org/human-world/a-brief-history-of-high-fructose-corn-syrup , a useful argument is made about the limitations in studies done linking fructose in sugary drinks to obesity when diets high in fructose are included along with high caloric intake from other sources (hypercaloric). When diets used only fructose (no other sugars included which is known as isocaloric), there was no weight gain. Singling out one dietary hazard to the exclusion of others has the potential to create a lot of confusion and polarized opinions. Compare this article with research done on rats at http://www.sciencedaily.com/releases/2010/03/100322121115.htm, and the corn syrup industry’s position on the subject at http://www.corn.org/products/sweeteners/high-fructose-corn-syrup/.
More sites on making your own soda

For students who want more recipes for making their own soda and fruit drinks, refer to the following websites: http://www.ehow.com/video_12293197_make-own-fruit-sodas.html and http://www.ehow.com/how_6554049_make-soda-pop-scratch-home.html.
More sites on health effects of soda

A balanced discussion about the various potential health effects from drinking soda is found at http://www.wisegeek.org/what-are-the-health-effects-of-drinking-soda.htm#didyouknowout . This might be a useful article for students to read, particularly if they are assigned to research this topic for a class presentation.

A complementary research article (abstract) on the difficulties of assigning blame to soda drinking for causing overweight is found at http://www.ncbi.nlm.nih.gov/pubmed/19087367 . This might be useful to students in understanding the difficulties in obtaining reliable studies on human subjects. The number of variables is hard to control.


Several articles that discuss the extent to which sodas and other sweetened drinks are healthy are found at http://www.webmd.com/diet/features/can-soft-drinks-be-healthy and

http://www.webmd.com/diet/features/sodas-and-your-health-risks-debated. This latter reference includes a discussion about studies done to evaluate the degree to which soda and similar drinks contribute to health concerns such as cardiovascular disease.

More sites on the history of the soda industry


An interesting catalog of events related to the development of soda fountains earlier in the 20th century may be of interest to students (and teachers?!) who probably have never experienced such places. This site includes the history behind the creation of soda, beginning with Joseph Priestley discovering a technique for producing carbonated water. Refer to http://en.wikipedia.org/wiki/Soft_drink.

The references below can be found on the ChemMatters 30-year DVD (which includes all articles published during the years 1983 through April 2013 and all available Teacher’s Guides, beginning February 1990). The DVD is available from the American Chemical Society for $42 (or $135 for a site/school license) at this site: �HYPERLINK "http://www.acs.org/chemmatters"�http://ww.acs.org/chemmatters�. Scroll to the bottom of the page and click on the ChemMatters DVD image at the right of the screen to order or to get more information.





Selected articles and the complete set of Teacher’s Guides for all issues from the past three years are available free online on the same Web site, above. Simply access the link and click on the “Past Issues” button directly below the “M” in the ChemMatters logo at the top of the Web page.
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