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How does Frito Lay calculate the number of Calories in a Cheez Doodle®? How much citric acid is in your 7UP®? Have you ever stopped to think about what’s actually in the food you eat? The focus of my curriculum project was to create engaging, inquisitive, and investigative lessons that connect the basic chemistry standards to exciting real-world applications. Students can discover the hidden science behind everyday food and nutrition; making the connection from the classroom to the outside world. These lessons are standards-based and introduce students to many important laboratory techniques and good practice. Each lesson includes a teacher activity guide that explains the learning objectives, time and materials required for the lesson, answers to questions on student hand-outs, and instructional strategies. Many of the labs also have ideas for extension activities which can be used to enhance the learning experiences for high-achieving students and/or accelerated classes.
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“Mythbusters” Calorie Investigation: Are Baked Snack Foods Really Healthier Than Fried?
Teacher Activity Guide
Activity Objectives
Students will design their own calorimeter from a list of given supplies based on the definition of a calorimeter. Students use the scientific method to measure heat flow during a combustion reaction. Students understand the meaning of a scientific calorie and its relation to the nutritional Calorie. Students can interpret nutritional labels of food items. Students will prepare and submit a full scientific report 
Expected Outcomes
This inquiry-based lab is design for students to build their own calorimeter, create an appropriate procedure, and test a baked and fried snack food of their choice. Students will measure the amount of heat released from burning their food item and measuring the change in temperature of water. In the design of their calorimeter, students will need to consider how to transfer as much heat as necessary into the system. An overlaying theme of the television show “Mythbusters” will pose the question to students: “Are baked snack foods really healthier than fried?”. Students will employ the appropriate steps of the scientific method to solve this problem. 
California State Standards Addressed
Chemical Thermodynamics:

7. Energy is exchanged or transformed in all chemical reactions and physical changes of matter. As a basis for
                      understanding this concept:
a. Students know how to describe temperature and heat flow in terms of the motion of molecules (or atoms). 
b. Students know chemical processes can either release (exothermic) or absorb (endothermic) thermal energy.
d. Students know how to solve problems involving heat flow and temperature changes, using known values of 
specific heat and latent heat of phase change. 

Activity Length

Students will need 1-2 class periods for design and strategic planning within their team. Another 1-2 class periods are necessary to carry out the data collection and data analysis. The scientific report can be due 1-2 class periods after the experiment is completed.  

Materials Required

Paperclips, thermometers, electronic balance, needles, corks, beakers, water, tape, aluminum foil, soda cans, tooth picks, rubber stoppers, matches, and rubber bands. Teachers may either choose to provide the food items or require that students bring their specific team’s food to class.  

Instructional Strategies and Procedures

· Do a teacher demonstration or have time for students to do some trial and error calorimeter designs

· Allow ample time for students to solve the problem within their team

· Limit the amount of materials per group if supplies are limited

· Have students bring in aluminum cans and hangers, etc. for extra points toward their report

· Always follow proper safety precautions as students will be working with open flames during the experiment

· Continually question students about their design to help them understand the basis of this investigation 

· Example foods:

· Lays Baked Potato Chips vs. Regular Potato Chips

· Baked Cheetos vs. Regular Cheetos

· Baked Tostitos vs. Regular Tostitos 

Assessment

A 6 page lab report will be generated from each team by the end of the project. A lab report rubric for suggested grading is provided on the next page. It is important that students not be penalized for having a large percent error, but they need to be able to demonstrate an understanding of the possible sources of error and methods to improve the experimental set-up. 

Extension

If time permits, teams can present their calorimeter design and findings to the class. Other students can provide feedback and possible improvements to each other. 

Solutions to Application Exercises:

1.) When 12 grams of Cheetos was burned in a calorimeter, the 100.0 mL of water in the calorimeter changed from 20.°C to 33°C. Calculate the heat released by the burning of the Cheetos in calories. Recall that the specific heat of water is 1.00 cal/g°C.

Q = mcΔT

Q = 100.0 g (1.00 cal/g°C) (33°C – 20.°C)

Q = 1300 calories

2.)  Ms. Martinak’s favorite candy, a Dove Dark Chocolate bar, has a mass of 36.9 grams. In a calorimetry experiment, a 3.70 gram sample of this candy bar was burned in a calorimeter surrounded by 1000. grams of water. The temperature of the water in contact with the piece of burning candy bar was measured and found to increase from an initial temperature of 22.3°C to a final temperature of 35.6°C. The specific heat of water is 1.00 cal/g°C.  

a.) Calculate the amount of heat (in calories) released when the 3.70 g was burned.

Q = mcΔT

Q = 1000. g (1.00 cal/g°C) (35.6°C – 22.3°C)

Q = 13300 calories 


b.) Convert the heat in part a to nutritional Calories (1000 calories = 1 nutritional Calorie)

13300 calories * (1 Calorie / 1000 calories) 

= 13.3 Calories
c.) Calculate the energy content of the candy bar (in Calories per gram) by dividing the heat in nutritional Calories   (part b) by the mass of the candy bar that was burned. 

13.3 Calories / 3.70 g 

= 3.5946 ≈ 3.59 Calories/gram
d.) Find the total Calorie content of the candy bar by multiplying the energy content (in Calories/gram) by the total mass of the candy bar. 

3.59 Calories/gram * 36.9 grams 

= 132.471 Calories ≈ 132 Calories


e.) The Dove nutritional label claims that there are 190 Calories per candy bar. What is the percent error?

% Error = ( theoretical value – experimental value) / theoretical value * 100

% Error = (190 – 132) / 190 * 100 

= 30.5263 ≈ 30.5 % error 

Lab Report Rubric: Calorimetry Investigation Lab

_________ Objectives/Purpose: (5 pts)

· Clearly identifies the objectives of the lab

· What is the problem?

· How will you go about finding the answer? 

_________ Diagrams/Materials List: (10 pts)

· Draw or sketch the calorimeter used in this experiment 

· Label the various pieces of equipment in the drawing 

· List the materials and the logic behind your team’s design

_________ Safety: (5 pts)

· Identifies the safety precautions followed in the lab

_________ Discussion: (10 pts)

· Paragraph about calorimetry and the calorimeter 

· Nutritional aspects

_________ Procedures and Observations: (10 pts)

· Complete list of procedures 

· Observations of several of the procedures

_________ Data and Calculations: (20 pts)

· Data Table 

· Experimental Calorie content in each food item

· Calorie content per gram of food

_________ Sources of Error: (10 pts)

· Calculate percent error based on nutritional labels

· List possible sources of error

· Suggest possible improvements of experiment to minimize error

_________ Conclusion: (10 pts)

· 1-2 well-written paragraphs with the following: 

· Restate the purpose

· List important results (actual and experimental)

· Real-world applications

“Mythbusters” Calorie Investigation: Are Baked Snack Foods Really Healthier Than Fried?

Student Activity Guide
Background:

There is no question that Pirate's Booty -- a cheese-coated puffed corn and rice snack -- is tasty. And at just 2.5 grams of fat and 120 calories per one-ounce serving, it seems to be a dieter's best friend. But Robert's American Gourmet, the maker of Pirate's Booty, recalled the product in 2001 after independent testing by the Good Housekeeping Institute found that it contained 147 calories per serving and 8.5 grams of fat -- more than three times what the label promised! Since then, many other companies have been investigated as a result of these findings. 

Mythbusters Mission: 

Jamie and Adam, the famous duo of scientists from the popular show Mythbusters, have offered you a job to test whether or not baked snack foods are healthier than their fried counterparts. You and your team must design and carry out an appropriate experiment to determine the amount of Calories contained in a baked & fried snack food of your choice. Specifically, your team must design your own procedure and calorimeter apparatus to determine the amount of heat released by burning the snack food and compare your findings to values reported on the nutritional labels.  

Materials: 

Mythbusters will provide the following materials for your investigation: paperclips, thermometers, electronic balance, needles, corks, beakers, water, tape, aluminum foil, soda cans, tooth picks, rubber stoppers, matches, and rubber bands. 

Job Timeline: 

You and your team may make revisions to your procedure and calorimeter design at any time, but the schedule and timeline below must be strictly followed:

· Day One: Project proposals, team selection, sample calculations, sign agreement form, and strategic planning. 

· Day Two: Make hypothesis, design, test, and fine-tune calorimeter apparatus.

· Day Three: Begin data collection and data analysis. 

· Day Four: Continue with data analysis and begin report write-up.

· Day Five: Report due – no exception!

Salary and Expectations: 
If all expectations are met, each team will receive a reward of 80 points. Listed below are the necessary components, organization, and expectations for the final report. It must be typed – no handwritten reports will be accepted (except for calculations and illustrations). 

· Page 1: Agreement/Contract Form with completed application exercises

· Page 2: Purpose – State in your own words the goals of this investigation

             Materials – List all of the materials used in your experiment. Include an illustration/photo of calorimeter

· Page 3: Procedure – List step-by-step how the experiment was carried out. Must be logical and clear so that any one could recreate your experiment. 

· Page 4: Data – Include data table of all measurements performed during your experiment. 

                            Calculations – Must be neat and well presented. 

· Page 5: Results and Conclusion– Summarize results and conclusions from your investigation. Compare your results to the nutritional information on actual snack food label. Find the percent error. 

· Error Analysis: Discuss the accuracy of your procedure and of your calorimeter. Was all heat from food transferred to water? How would you improve calorimeter design in the future? 

· Page 6: Contribution – Indicate the role and participation of each team member. 

Mythbusters Application Form

Names and signatures of all team members: 

1.



     2.



        3.



          4.

Team Name: _____________________________________________________________________

Application Exercises: 

1.) When 12 grams of Cheetos was burned in a calorimeter, the 100.0 mL of water in the calorimeter changed from 20.°C to 33°C. Calculate the heat released by the burning of the Cheetos in calories. Recall that the specific heat of water is 1.00 cal/g°C. 

2.) Ms. Martinak’s favorite candy, a Dove Dark Chocolate bar, has a mass of 36.9 grams. In a calorimetry experiment, a 3.70 gram sample of this candy bar was burned in a calorimeter surrounded by 1000. grams of water. The temperature of the water in contact with the piece of burning candy bar was measured and found to increase from an initial temperature of 22.3°C to a final temperature of 35.6°C. The specific heat of water is 1.00 cal/g°C.  


a.) Calculate the amount of heat (in calories) released when the 3.70 g was burned.


b.) Convert the heat in part a to nutritional Calories (1000 calories = 1 nutritional Calorie)


c.) Calculate the energy content of the candy bar (in Calories per gram) by dividing the heat in nutritional Calories   (part b) by the mass of the candy bar that was burned. 


d.) Find the total Calorie content of the candy bar by multiplying the energy content (in Calories/gram) by the total mass of the candy bar. 


e.) The Dove nutritional label claims that there are 210 Calories per candy bar. What is the percent error? 

“Mythbusters” Calorie Investigation: Are Baked Snack Foods Really Healthier Than Fried?

Team Name: _____________________________________________________

Data Table: 

	Food Sample & Brand Name
	Mass of Food Sample Burned (grams)
	Mass of Water in Calorimeter (grams)
	Initial Water Temperature (°C)
	Final Water Temperature (°C)
	Measured Calorie Content of Food (Calories/gram)
	Calorie Content Reported on Label (Calories/gram)

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Calculations: Show all necessary calculations for both food items. 

1.) A. What is the energy absorbed by the water for the snack in calories (cal)?

     B. How many Calories (Cal) did the water absorb? 1000 cal = 1 Cal

2.) How many grams of each food item were burned?

3.) Calculate the Calories per gram burned for each food item.

4.) What is the serving size in grams from the package label?

5.) How many Calories per serving of this food are listed on the package label?

6.) Calculate how many Calories of energy were released per serving of food item burned. 

7.) Calculate the percent error. Use the package label of Calories per serving as the accepted value (Question #5) and the experimental value calculated in question #3.
Finding Invisible Fats in Foods
Teacher Activity Guide

Activity Objective

Students will extract and examine the invisible fat from chocolate, potato chips, and/or sunflower seeds. Based on the starting and ending masses of the sample, students will then determine the mass percent of fat in the food item. 

Expected Outcomes

The student will calculate the mass percent of fat in a familiar food item.

Activity Length

40 minutes to perform the experiment, dry overnight, 15 minutes the next day to record observations.

Scientific Principles

In this experiment, acetone is used to extract the invisible fats, since lipids are sparingly soluble in water but soluble in organic solvents. When the extraction is complete, the students will be able to see, touch, and smell the lipid in the Petri dishes. The cocoa butter found in chocolate chips is a saturated fat and will be solid at room temperature. The oils used to fry the potato chips are unsaturated and will be liquid at room temperature. The oil from the sunflower seeds also is unsaturated and will be liquid at room temperature. Based on the starting and ending mass of the food item, students can then calculate the mass percent of fat in the food. 

Materials Required

Chocolate chips (semi-sweet), Potato Chips, and/or Sunflower Seeds 

Balance or scale



Acetone 








Foil

100-mm Petri dishes







Hammer or mortal and pestle 

100-milliliter beakers 







Safety goggles

10-milliliter graduated cylinders 





Latex or rubber gloves

Instructional Strategies and Procedures

· Students can do one or all of the food items if time permits (or each group can do a different food). 

• The foods produced in these experiments are not to be consumed.

• Use acetone purchased from a local hardware store. Do not use nail polish remover or rubbing alcohol because they contain too much water to extract the lipid. You may substitute mineral spirits or denatured alcohol purchased from the hardware store for the acetone.

• Have the students wear latex gloves and safety goggles when handling the acetone solvent.

• Perform this experiment in a well-ventilated area. The acetone is highly flammable. Be sure there are no flames or pilot lights on in the room.

• When decanting the acetone layer, remind students to pour slowly and carefully as to avoid getting any food particles in the acetone/fat mixture. 

• Semi-sweet chocolate chips contain more fat than milk chocolate chips. 

• Try to use low-salt potato chips; do not use low-fat or baked potato chips because these products have much less lipid.

• Already shelled sunflower seeds would work best. You may substitute walnuts for sunflower seeds.

Assessment

Students will complete the pre-lab question which can be checked by the teacher prior to the start of the experiment. Students will then complete the data table and calculation section of the lab and answer the questions that follow. Labs will be graded based on lab behavior, the calculations with proper work, and thoroughness of questions. 

Extension

Discussion of saturated versus unsaturated fat in terms of chemical structure. 

Solution to Pre-Lab Question: 

1.) Butyric acid (butanoic acid) is one of the saturated fatty acids responsible for the characteristic flavor of butter. The chemical structure of butanoic acid is shown below. Calculate the mass percent of C, H, and O in the compound. 

Total molar mass of C4H8O2 = 88.12 g/mol

Mass % C = (48.04 g / 88.12 g) * 100 = 54.52 % C
Mass % H = (8.08 g / 88.12 g) * 100 = 9.17 % H
Mass % O = (32.00 g / 88.12 g) * 100 = 36.31 % O
SAMPLE DATA TABLE – EXTRACTION OF LIPIDS

	Food
	Mass of

beaker
	Exact mass of raw food
	Mass of beaker with raw food
	Mass of Petri dish
	Mass of beaker with dried food
	Mass of Petri dish with dried fat
	Mass of fat lost from food
	Mass % of fat extracted from food

	Chocolate Chips
	50.67 g
	4.90 g
	55.50 g
	35.89 g
	55.12 g
	36.33 g
	0.44 g
	8.98 %

	Potato 

Chips
	48.80 g
	5.20 g
	53.95 g
	36.65 g
	53.31 g
	37.21 g
	0.56 g
	10.8 %

	Sunflower Seeds
	50.90 g
	4.96 g
	55.84 g
	40.53 g
	55.62 g
	41.39 g
	0.86 g
	17.3 %


(Mass of beaker with raw food) – (Mass of beaker) = Mass of raw food

(Mass of Petri dish with dried ft) – (Mass of Petri dish) = Mass of fat lost from food

(Mass of fat lost from food / Mass of raw food) x 100 = Mass % fat extracted

SAMPLE DATA TABLE – DESCRIPTION OF FAT

	Food
	Color
	Texture
	Odor
	Viscosity

	Chocolate Chips
	White/light brown
	Waxy
	Smells like chocolate
	Hard, dry

	Potato Chips
	Light yellow
	Oily
	Corn
	Thick oil

	Sunflower Seeds
	Yellow
	Oily
	Sunflower seeds
	Thick oil


*Results reported were obtained using the following products: Nestlé® semi-sweet chocolate chips, Shopper’s Value® Potato Chips (fried in corn oil and/or sunflower oil), and David® roasted & salted sunflower seeds: (with shell).

Key Questions and Answers:

1. Rank from most to least the percentage of fat extracted from all three foods. Look at the Nutrition Facts label on the packages of all three foods and rank them. Did your ranking agree with the ranking of the product labels?

From data: Sunflower seeds, potato chips, and chocolate chips. From the Nutrition Facts labels: 28 grams of sunflower seeds contain 14 grams of fat; 28 grams of potato chips contain 10 grams of fat; and 28 grams of chocolate chips contain 8 grams of fat. Yes, the rankings are consistent.

2. Perhaps you are familiar with the fact that there are many different types of fats: saturated, unsaturated, monounsaturated, polyunsaturated, to name a few! Because of their chemical structure, saturated fats take the form of a solid at room temperature, whereas unsaturated fats are typically in the liquid form. Based on this information, which of the foods in this lab do you think contain the most saturated fat? What about unsaturated fat? 

The cocoa butter found in chocolate chips is a saturated fat and is a white solid at room temperature. The oils used to fry the potato chips are unsaturated and are liquid at room temperature. The oil from the sunflower seeds also is unsaturated and is a liquid at room temperature.

3. What are some possible sources of error in this experiment? Provide some ways to improve the set-up to reduce error.

Sample answer: It is possible that not all of the fat was extracted from the food items using the method in this experiment. This would cause the % fat calculations to be lower than expected. Perhaps doing more rinses with acetone would increase the amount of fat recovered from the food.

Finding Invisible Fats in Foods
Student Activity Guide

Background: 

Lipids include fats, oils, waxes, cholesterol, other sterols, and most steroids. In the body, fat serves as a source of energy, a thermal insulator and cushion around organs, and an important cellular component. You are probably most familiar with the nutritional aspects of dietary fats and oils. Since fats have 2.25 times the energy content of carbohydrates and proteins, most people try to limit their intake of dietary fat to avoid becoming overweight. The food industry has a big market for low-fat and non-fat foods. Just take a look around your local grocery stores!

The fats that you see in raw beef, chicken, and pork are known as visible fats. These fats are in plain view and are solid at room temperature. Vegetable oils are also visible fats. The fats that are in snack foods, cookies, desserts, and candy are known as invisible fats. Although you cannot see them, they can add extra calories to your diet. 

Lipids are classified as organic compounds that are soluble (dissolvable) in organic solvents such as acetone, but only sparingly soluble in water. Lipids are biologically important for making barriers (membranes of animal cells), which control the flow of water and other materials into a cell. 

Activity Objective:

In this experiment, we will be extracting and determining the mass percent of fat in chocolate, potato chips, or sunflower seeds. In chocolate, sugar and cocoa are dispersed in a crystallized fat matrix. To keep the fat from separating out of the chocolate, an emulsifier called lecithin is used. The fat in the potato chip is mostly on the surface of the chip from the frying process. The fat in the sunflower seed is in the seed itself. The cooking oils that we use come primarily from nuts and seeds. Examples include soybean, sunflower, and peanut oils.

Pre-Lab Question: To be completed and checked by the teacher before starting the lab experiment. 

1.) Butyric acid (butanoic acid) is one of the saturated fatty acids responsible for the characteristic flavor of butter. The chemical structure of butanoic acid is shown below. Calculate the mass percent of C, H, and O in the compound. 
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PROCEDURE: 

Part 1 - Extraction of Fat from Chocolate Chips

1. Mass out 5 grams (about 10 chips) of chocolate chips. Grind the chocolate into small bits using a mortal and pestle.

2. Label the beakers that you are using to put the food in, one each for chocolate chips, potato chips, and sunflower seeds. Record the mass of the labeled beakers. 

3. Place the crushed chocolate chips in the appropriate beaker. Record the mass with the crushed chocolate chips.

4. Add 10 milliliters of acetone to the crushed chocolate chips in the beaker.

5. Swirl for 1 minute in a hood, or stir with a glass rod (in a well ventilated area).

6. Carefully decant the acetone into the Petri dish, making sure the chocolate remains in the beaker.

7. Add 10 more milliliters of acetone to the chocolate and repeat steps 5 and 6.

8. Allow the acetone in the Petri dish to dry overnight in a hood (or well ventilated area) to visualize the extracted lipid. 

9. Allow the beaker with the chocolate to dry overnight. Mass the beaker with the chocolate the next day.

Part 2. Extraction of Fat from Potato Chips

1. Mass out 5 grams of potato chips. Break into dime-size pieces with your fingers.

2. Repeat steps 3-9 in Part 1.

Part 3. Extraction of Fat from Sunflower Seeds

1. Mass out 5 grams of sunflower seeds. Grind the seeds into small bits using a mortal and pestle.

2. Repeat steps 3-9 in Part 1.

DATA TABLE – EXTRACTION OF LIPIDS

	Food
	Mass of

beaker
	Mass of beaker with raw food
	Exact mass of raw food
	Mass of Petri dish
	Mass of beaker with dried food
	Mass of Petri dish with dried fat
	Mass of fat lost from food
	Mass % of fat extracted from food

	Chocolate Chips
	
	
	
	
	
	
	
	

	Potato 

Chips
	
	
	
	
	
	
	
	

	Sunflower Seeds
	
	
	
	
	
	
	
	


DATA TABLE – DESCRIPTION OF FATS

	Food
	Color
	Texture
	Odor
	Viscosity

	Chocolate Chips
	
	
	
	

	Potato Chips
	
	
	
	

	Sunflower Seeds
	
	
	
	


Calculations: Please show your work from the data table entitled “Extraction of Lipids” in the space below: 

Mass of fat lost from food: 

Mass % fat extracted from food:

Questions:

1. Rank from most to least the percentage of fat extracted from all three foods. Look at the Nutrition Facts label on the packages of all three foods and rank them. Did your experimental ranking agree with the ranking of the product labels (make sure you are comparing equal masses of each food)?

2. Perhaps you are familiar with the fact that there are many different types of fats: saturated, unsaturated, monounsaturated, polyunsaturated, to name a few! Because of their chemical structure, saturated fats take the form of a solid at room temperature, whereas unsaturated fats are typically in the liquid form. Based on this information, which of the foods in this lab do you think contain the most saturated fat? What about unsaturated fat? 

3. What are some possible sources of error in this experiment? Provide some ways to improve the set-up to reduce error. 

“Like Dissolves Like”: A Look at the Solubility of Vitamins in the Body

Teacher Activity Guide

Activity Objective

The purpose of this activity is to apply the concept of “like dissolves like” in a real-world setting. Students will learn that Vitamins are chemicals contained in food and that there are two main categories: fat soluble and water soluble. 

Expected Outcomes

Students should learn the two classes of vitamins and the difference between where and for how long they are stored in the body. Students should also be able to look at the chemical structure of a vitamin and deduce whether it is polar or nonpolar and thus, fat soluble or water soluble in the body. 

California State Standards Addressed

Solutions:

· 6. Solutions are homogeneous mixtures of two or more substances. As a basis for understanding this concept: 

· a. Students know the definitions of solute and solvent. 

Activity Length

In-Class: 10-15 minutes for explanation of water and fat soluble vitamins and example using Vitamin-D2 structure

Homework Activity: to be completed and returned the following day

Materials Required

1. “Like Dissolves Like”: A Look at the Solubility of Vitamins in the Body Student Worksheet

2.  Optional: a fat soluble vitamin capsule (A, D, E, or K) and a water soluble vitamin capsule (B or C)

Instructional Strategies and Procedures

Conduct a quick review of “like dissolves like” and solubility. Explain worksheet layout and expectations for student questions. Set a deadline of 1 day for students to return the assignment and for an in-class discussion the following day.

Assessment

Worksheet will be graded based on completeness, neatness and accuracy. 

Extension

An extension activity can look at the difference between the manufacturing and production of fat versus water soluble vitamins. Fat soluble vitamins tend to come in the form of an oil-based capsule (“Softgel”). Students should make the connection that fat soluble vitamins (because of their nonpolar nature) would be soluble in oil. Water soluble vitamins tend to come in the form of a solid capsule and are taken with water. 

Solutions to Student Questions: 

1.) Based on the chemical structures of Vitamin A and Vitamin C, which one is water soluble and which is fat soluble? What specific parts of the molecule make one vitamin fat soluble and the other water soluble? 

Vitamin A is fat soluble and Vitamin C is water soluble. The structure of Vitamin A shows only one carboxylic acid group, surrounded by an abundance of nonpolar hydocarbons; Vitamin A is nonpolar, thus fat soluble. The structure of Vitamin C shows only ester group and many –OH groups; Vitamin C is polar, thus water soluble.   

2.) Choose one fat soluble and one water soluble vitamin and research its main function/purpose in the body.

Fat Soluble Vitamins: 

· Vitamin A, also called retinol, has many functions in the body. Vitamin A helps the eyes adjust to light changes, plays an important role in bone growth, tooth development, reproduction, cell division and gene expression. Also, the skin, eyes and mucous membranes of the mouth, nose, throat and lungs rely on vitamin A to remain moist.
· Vitamin D promotes hardening of bones and teeth, increases the absorption of calcium.



· Vitamin E serves as an antioxidant, protectecting vitamins A and C, red blood cells, and fatty acids from destruction. 

· Vitamin K helps the blood to clot and promotes bone health. 

Water Soluble Vitamins: 

· Vitamin B is needed for growth, development, and a variety of bodily functions. Vitamin B plays a major role in the activities of enzymes, which are important in turning food into energy and other needed substances.

· Vitamin C is necessary in the body to form collagen in bones, cartilage, muscle, and blood vessels, and aids in the absorption of iron.
3.) How do you think it’s possible that someone could overdose on fat soluble vitamins and not water soluble vitamins?

Since fat soluble vitamins are stored in the body for longer periods of time, an overdose of these vitamins could prove to be dangerous. Consuming an amount above what is required by the body can lead to toxic levels in the fat tissues and other organs. However, there is very little danger of consuming toxic levels of water soluble vitamins. Since these are soluble in water, their elimination from the body is very efficient through the urine.

4.) An autopsy was carried out on a homicide victim’s body and was found to contain an unusually high amount of a certain vitamin. The structure of the vitamin was determined and is shown below. Based on your current knowledge of fat soluble and water soluble vitamins, was the vitamin below recovered from the victim’s bladder or fat tissues?

The chemical structure shown is that of Vitamin B-12, a water soluble vitamin. Since water soluble vitamins move through the body faster, this vitamin would likely be found in the victim’s bladder, rather than stored in the fat tissues. The chemical structure shows many amide groups, a phosphate group, and some –OH groups. The presence of these polar groups would be enough to make the vitamin polar and thus water soluble.  

Name: _____________________________

“Like Dissolves Like”: A Look at the Solubility of Vitamins in the Body

Vitamins are chemicals contained in food. Vitamins work in the body to help breakdown and use food, and help make blood cells and other complex materials. Vitamins don't provide calories or energy for the body, but they do help the body get energy from the foods we eat. Most vitamins cannot be made by the body so you must eat the right foods to get your vitamins.
Vitamins fall into two categories: fat soluble and water soluble. The fat-soluble vitamins — A, D, E, and K — dissolve in fat and can be stored in the fat of your body and your liver. The water-soluble vitamins — C and the B-complex vitamins (such as vitamins B6, B12, niacin, riboflavin, and folate) — need to dissolve in water before your body can absorb them. Because of this, your body can't store these vitamins. Any vitamin C or B that your body doesn't use as it passes through your system is lost (mostly when you pee). So you need a fresh supply of these vitamins every day.

"Water-soluble" means that these vitamins can be dissolved in water. Water-soluble vitamins have many polar groups and are hence soluble in polar solvents such as water. These vitamins are usually found in non-fatty foods such as fruits and vegetables.

"Fat soluble" means that these vitamins can be dissolved in fat. Fat-soluble vitamins are predominantly nonpolar and hence are soluble in nonpolar solvents such as the fatty (nonpolar) tissue of the body. Fat soluble vitamins are usually found in foods containing fat, such as meat, poultry, fish and dairy.
Vitamin Structure vs. Solubility: 

In general, it is possible to predict whether a vitamin is fat-soluble or water-soluble by examining its structure to determine whether polar groups or nonpolar groups predominate.

In the structure of calciferol (Vitamin D2), shown below, we find an –OH group attached to a bulky arrangement of hydrocarbon rings and chains. This one polar group is not enough to compensate for the much larger nonpolar region. Therefore, calciferol is classified as a fat-soluble vitamin.
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Vitamin A Structure: 





Vitamin C Structure: 
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1.) Based on the chemical structures of Vitamin A and Vitamin C, which one is water soluble and which is fat soluble? What specific parts of the molecule make one vitamin fat soluble and the other water soluble? 

2.) Choose one fat soluble and one water soluble vitamin and research its main function/purpose in the body.

3.) How do you think it’s possible that someone could overdose on fat soluble vitamins and not water soluble vitamins?

4.) An autopsy was carried out on a homicide victim’s body and was found to contain an unusually high amount of a certain vitamin. The structure of the vitamin was determined and is shown below. Based on your current knowledge of fat soluble and water soluble vitamins, was the vitamin below recovered from the victim’s bladder or fat tissues? 

Structure of Unknown Vitamin Recovered from Victim’s Body:

[image: image6.png]



If Your Dog Took Ms. Martinak’s Chemistry Class, Would He Eat This? 

Teacher Activity Guide

Activity Objective

The purpose of this research activity is to analyze food labels for ionic compounds, to gain practice writing and recognizing ionic formulas, and converting between chemical formulas and chemical names. Students will also begin to make a connection between inorganic compounds, ingredients in foods, and nutrition. A table of commons ions is attached, but this activity builds upon lectures of inorganic ions and other ions can be selected.

Expected Outcomes

Students should learn to be critical thinkers and analyzers of food labels, and recognize that not all chemicals are bad. Students should also be able to distinguish between organic and inorganic compounds. Students should learn to be organized in their presentation of information. 

California State Standards Addressed

Chemical Bonds: 

· 2. Biological, chemical, and physical properties of matter result from the ability of atoms to form bonds from electrostatic forces between electrons and protons and between atoms and molecules. As a basis for understanding this concept: 

· a. Students know atoms combine to form molecules by sharing electrons to form covalent or metallic bonds or by exchanging electrons to form ionic bonds.
Activity Length

In-Class Practice: 5 minutes for explanation of activity and 10 minutes to complete example

In-Class Activity: 25 minutes for small group activity

Homework Activity: 2 days for at-home completion of table

Materials Required

1. If Your Dog Took Chemistry Student Data Pages

2. Common household items found in the home or at the grocery store

3. Ion sheet (optional- can use other ions or have students already know the common ions)

Instructional Strategies and Procedures

Conduct a quick review of the characteristics and bonding in inorganic compounds. Explain worksheet layout and expectations for accuracy and neatness. Set a deadline of about 2 days for students to return the assignment

Assessment

Worksheet will be graded based on completeness, neatness and accuracy. Repetitive ions will be deducted from total score, as will organic ions and any elements.

Extension

An extra credit or extension activity can be offered at the end of the activity which involves looking at the common and chemical names of well known substances. Students are given 9 common names and will need to provide the chemical name, the chemical formula, and a brief description of what it is used for.  

Solutions to Kibbles ‘n Bits Ingredient Table: 

	Name of Ingredient
	Chemical Formula of Ingredient

	1.   Salt
	 1. NaCl

	2.  Hydrochloric acid
	 2. HCl

	3.  Potassium chloride
	 3. KCl

	4.  Sodium carbonate
	 4. Na2CO3

	5.  Ferrous sulfate
	 5. FeSO4

	6.  Zinc oxide 
	 6. ZnO

	7.  Manganous oxide
	 7. MnO

	8.  Copper sulfate
	 8. CuSO4

	9.  Calcium iodate 
	 9. Ca(IO3)2 

	10.  Sodium selenite 
	 10.  Na2SeO3

	11.  Calcium sulfate
	 11. CaSO4

	12.  Titanium(IV)oxide 
	 12. TiO2


Solutions to Extra Credit Activity: 

	Common Name
	Scientific Name
	Chemical Formula
	Common Uses

	1. laughing gas
	nitrous oxide / dinitrogen monoxide
	N2O
	anesthetic or analgesic in dentist/doctor’s offices

	2. slaked lime
	calcium hydroxide
	Ca(OH)2
	many uses: found in hair relaxers, Nair hair removal, calcium supplement in baby formula, manufacture of brake pads, etc.

	3. smelling salts
	ammonium carbonate
	(NH4)2CO3
	chemical compounds used to arouse consciousness

	4. lye
	sodium hydroxide
	NaOH
	food preparation, soap making, oven/drain cleaner

	5. baking soda
	sodium bicarbonate
	NaHCO3
	used as a raising agent in cooking, antacid, cleaning agent, found in toothpastes

	6. plaster of Paris
	calcium sulfate
	CaSO4
	art and craft material, casts for broken bones

	7. potash
	potassium carbonate
	K2CO3
	mainly used in fertilizers

	8. soda ash
	sodium carbonate
	Na2CO3
	manufacture of glass, additive to laundry detergent

	9. Epsom salts
	magnesium sulfate
	MgSO4
	found in bath salts, used in agriculture and gardening to help with magnesium-deficient soil
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Name: __________________________

If Your Dog Took Ms. Martinak’s Chemistry Class, Would He Eat This? 

Introduction: Dietary ionic compounds are needed for nerve function, strong bones, rehydration, and to increase the absorption of associated ions.  These compounds are found in all processed food (for humans and animals), and can also be used for flavoring and preservation. In this activity, we will relate polyatomic and binary ionic compounds to the ingredients in common foods and every day products, and to practice writing their formulas accurately and legibly.

In-Class Practice: Using the list of ingredients below, locate only the 12 bold items. List the chemical name and provide the chemical formula of the specific ingredient. 

Ingredients in Kibbles ‘n Bits Original Dog Food: Chicken & Beef Flavor: 
corn, soybean meal, beef and bone meal, ground wheat flour, animal fat (bha used as preservative), corn syrup, wheat middlings, water sufficient for processing, animal digest (source of chicken flavor), propylene glycol, salt, hydrochloric acid, potassium chloride, caramel color, sorbic acid (used as a preservative), sodium carbonate, minerals (ferrous sulfate, zinc oxide, manganous oxide, copper sulfate, calcium iodate, sodium selenite), choline chloride, vitamins (vitamin E supplement, vitamin A supplement, niacin supplement, D-calcium pantothenate, riboflavin supplement, pyridoxine hydrochloride, thiamine mononitrate, vitamin D3 supplement, folic acid, biotin, vitamin B12 supplement), calcium sulfate, titanium(IV)oxide, yellow 5, yellow 6, red 40, BHA (used as a preservative), dl methionine.

	Name of Ingredient
	Chemical Formula of Ingredient

	1.
	

	2.
	

	3.
	

	4.
	

	5.
	

	6.
	

	7.
	

	8.
	

	9.
	

	10.
	

	11.
	

	12.
	


Homework Activity: 

1. Read the ingredient labels of food and every day products found in the grocery store, drugstore or your house to find and make notes of the polyatomic or binary ionic compounds. 

2. Find 10 different polyatomic or binary ionic compounds on ingredient labels. Fill in the table below with the appropriate information for each ingredient. You may encounter old-fashioned names (cuprous, cupric, ferrous, ferric etc.: see your text book for details) which you can include.  If you have questions on the name of a specific ingredient, bring the label to class.

	#
	Product Name
	Name of Compound
	Chemical Formula of Compound

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	


Extra Credit/Extension Activity: Chemical or scientific names are used to give an accurate description of a substance's composition. Even so, you rarely ask someone to pass the sodium chloride at the dinner table! It's important to remember that common names are inaccurate and vary from one place and time to another. 

Given the following common name, provide the scientific name and its chemical formula. Then, provide a brief description of what the substance is used for. You may need to do a little research on this.

1. laughing gas 


4. limestone



7. potash 

2. slaked lime


5. baking soda



8. soda ash

3. smelling salts


6. plaster of Paris


9. Epsom salts

How Much Citric Acid is in Your Soda?
Teacher Activity Guide

Activity Objective

Students will determine the citric acid content in different sodas using a titration method.  

Expected Outcomes

The student will calculate the molarity and grams of citric acid in a citrus soda.

California State Standards Addressed

Acids and Bases:
· 5. Acids, bases, and salts are three classes of compounds that form ions in water solutions. As a basis for understanding this concept:
· a. Students know the observable properties of acids, bases, and salt solutions.

· b. Students know acids are hydrogen-ion-donating and bases are hydrogen-ion-accepting substances.
Activity Length

10-15 minutes of teacher explanation with 45 minutes to complete experiment.

Scientific Principles

In this experiment, a known concentration of sodium hydroxide is used to titrate a known volume of citrus soda. When the titration is complete, which is signified by an indicator color change, the students will be able to determine the molarity of citric acid in the sample of soda.

Materials Required

Degassed 2-L bottles of Citrus sodas: 7-Up, Sierra Mist, Squirt, etc. 



 



50 or 100 milliliter buret





Phenolphthalein indicator


Funnel








250 milliliter Erlenmeyer flask 

250 milliliter beaker 






Safety goggles

10 mL graduated cylinder 





0.10 M NaOH Solution 


Instructional Strategies and Procedures

· Students can be broken up into groups and each assigned different sodas to investigate. Class data can be posted and compared.  

· The sodas should not contain lactic acid or aspartame (“Nutrasweet”) so do not use diet sodas. 
•  Degas the 2-L bottles of soda prior to the experiment. Place the opened bottles under a lab hood or in the open air for at least 2-3 days prior. 

•  The sodas in this experiment are not to be consumed.

•  Introduce the method of titration prior to the experiment. Students should be familiar with how to use and read a buret. 

•  Students should be familiar with the acid-base neutralization equation and how it applies to titrations. 

Assessment

Students will complete pre-lab calculations which can be checked by the teacher prior to the start of the experiment. Students will then complete the data table and calculation sections of the lab and answer the questions that follow. Labs will be graded based on lab behavior, the calculations with proper work, and thoroughness of questions. 

Extension 

An additional experiment for extra credit can be assigned to students to investigate the molarity of acetic acid in vinegar. 

Solutions to Pre-Lab Questions: 

1. Write & balance the neutralization equation you will be carrying out and label which is the acid, base, water, and salt.

H3C6H5O7  +   3 NaOH   (   Na3C6H5O7  +  3 H2O





          Acid
      Base                  Salt            Water

2. Calculate the molar mass of citric acid. ________192.124 g/mol______

3. Practice Problem: You found the average volume of 0.10 M NaOH needed to neutralize 10.0 mL of 7-Up to be 

    25.0 mL. Calculate the molarity of citric acid in the 7-Up. Show your work!

XaMaVa  =  XbMbVb
3 (Ma) (10.0 mL)  =  1 (0.10 M) (25.0 mL) 

30.0 Ma = 2.50

Ma = 0.083 M

Solutions to Questions: 

1. Rank the sodas used in the experiment in order from least to most citric acid content. 

Answers will vary depending on the number and brand of different sodas used during the experiment. 
2. Why was it necessary to degas the sodas prior to the experiment? 

As stated in introduction: It is necessary to degas the sodas prior to the experiment because the carbonation in soda is caused by added carbonic acid during production. By letting all of the gas escape, the majority of carbonic acid can be neglected in the calculations, leaving only citric acid to consider. 

3. Why do you think dentists warn people against drinking too much soda? 

Because soda contains acid, dentists would warn people against drinking too much soda. Acid can cause the destruction of tooth enamel and can leave the teeth more susceptible to cavities and decay. 

How Much Citric Acid is in Your Soda?
Student Activity Guide

PURPOSE

To determine the molarity of citric acid in a number of different citrus flavored sodas. 

INTRODUCTION 

Popular sodas all strive for a somewhat sour ('tart') flavor and manufacturers turn to acids to impart this taste. While there are a vast variety of different brands of sodas on the market, they can be broken into two main categories: dark or clear. This differentiation is not a simple color one but is also one of taste and content. Clear sodas such as 7-Up tend to be citrus-fruit like in taste and use citric acid to impart the tart flavor. Dark sodas such as Coca Cola tend to use caramel for flavoring and phosphoric acid is used to compliment this. 

Acids can be classified as monoprotic, diprotic, triprotic, etc. Shown below are examples of each type of acid undergoing a reaction with sodium hydroxide.

Monoprotic: HCl(aq) + NaOH(aq) → H2O(l) + NaCl(aq)

Diprotic: H2SO4(aq) + 2 NaOH(aq) → 2 H2O(l) + Na2SO4(aq)

Triprotic: H3PO4(aq) + 3 NaOH(aq) → 3 H2O(l) + Na3PO4(aq)

Any acid that has more than one proton that undergoes a reaction with a base is called a polyprotic acid. Citric acid is a weak, polyprotic acid that undergoes the following reaction with sodium hydroxide:

H3C6H5O7 (aq) + 3 NaOH (aq) → 3 H2O (l) + Na3C6H5O7 (aq)

You will then be performing a titration to determine the concentration of citric acid in a soft drink. Prior to the titration, the majority of the carbonic acid (carbonation) was removed by allowing the soft drink to go flat so we do not have to take it into consideration.

A buret is used in a titration to dispense measured increments of one solution into a known volume of another solution. Careful technique will allow you to detect the point where the reaction is complete; in this case, when all of the citric acid has been reacted with the base. 

Indicators

Indicators are used to provide visual information about the amount of acid or base in a solution. You will be using an indicator called phenolphthalein for this experiment. In a basic solution, phenolphthalein is pink. In solutions that are acidic, phenolphthalein is colorless. During the titration performed in this experiment, the point where the indicator first changes from colorless to pink corresponds to the point where the reaction is complete. This point is called the endpoint of the titration.

PRE-LAB QUESTIONS:

   1. Write & balance the neutralization equation you will be carrying out and label which is the acid, base, water, and salt.

   2. Calculate the molar mass of citric acid. _________________________

  3. Practice Problem: You found the average volume of 0.10 M NaOH needed to neutralize 10.0 mL of 7-Up to be 

       25.0 mL. Calculate the molarity of citric acid in the 7-Up. Show your work!

PROCEDURE 

   1. Rinse the buret with distilled water.

   2. Rinse the buret with a small amount of NaOH.

   3. Pour exactly 10.0 mL of your group’s assigned soda into a 250 mL Erlenmeyer flask. Add 2-3 drops of phenolphthalein to the soda and swirl the flask to mix the contents.

   4. Fill the buret with 0.10 M NaOH and record the initial volume of NaOH. 

   5. Slowly add NaOH drop-wise to the soda until a faint pink color is obtained (Place the flask on white paper to help see the color change better).

   6. Record your final volume of NaOH.

   7. Repeat steps 3-6 two additional times.

   8. Calculate the average volume of NaOH used for the three trials. 

DATA TABLE

	Trial
	Initial buret reading, 

NaOH (mL)
	Final buret reading,

 NaOH (mL)
	Total Volume of NaOH Used (mL)

	1
	
	
	

	2
	
	
	

	3
	
	
	


Average Volume of NaOH: _____________________

CALCULATIONS: In order to receive credit, you must show all necessary work. 

1. Find the molarity of citric acid contained in your sample of soda.

2. Find the moles of citric acid contained in your sample of soda.

3. Find the moles of citric acid contained in a 2-L bottle of soda.

4. Find the grams of citric acid per 2-L bottle of soda. 

CLASS DATA TABLE

	Brand of Soda
	Grams of citric acid per 2-L bottle of soda

	
	

	
	

	
	


QUESTIONS 

1. Rank the sodas used in the experiment in order from least to most citric acid content. 

2. Why was it necessary to degas the sodas prior to the experiment? 

3. Why do you think dentists warn people against drinking too much soda? 
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Calorie Craze!

Directions: Rank the following food items in order from which you think

has the least to greatest Calorie-content.

___________

___________

___________

___________

Potato Chips

Sunflower Seeds

Chocolate Chips

Marshmallows


Actual Calorie-content (obtained from nutritional labels): 

	Food Item
	Calories
	Grams per Serving
	Calories/gram

	Potato Chips
	
	
	

	Sunflower Seeds
	
	
	

	Chocolate Chips
	
	
	

	Marshmallows
	
	
	


Were you correct?

Questions to ponder for today’s lesson…

· How does Nestle or Frito Lay get the nutritional information to print on their products??
· Why do we as humans eat food? 

Let’s connect what we already know about heat and Calories to experimentally determine the number of Calories in a peanut!
