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Bottled Versus Tap Water: What You Drink and Why

Curriculum created by Marie Villarba, Seattle Central Community College
CHEM121: Analyzing Sports Drinks    

Wet Lab Experiment for Students
Introduction
According to the medical dictionary on WebMD1, electrolytes are “minerals in your blood and other body fluids that carry an electric charge. It is important for the balance of electrolytes in your body to be maintained, because they affect the amount of water in your body, blood pH, muscle action, and other important processes. Electrolytes exist in the blood as acids, bases, and salts (such as sodium, calcium, potassium, chlorine, magnesium, and bicarbonate) and can be measured by laboratory studies of the blood serum.” Many sports and energy drinks like Gatorade, Powerade, and Vitaminwater claim to be better than water since they can replace salts like sodium and potassium chloride that the body loses through sweat and if people like the flavor they may drink more and stay more hydrated than they would with plain water. 

In this experiment, you will analyze samples of Gatorade, Powerade, and Vitaminwater for their salt, sugar, and acid content using density, conductivity, and pH tests. You will also try to reproduce each drink using these properties to develop a recipe that can be used to prepare solutions for test tests outside of lab. Afterwards, you will carry out a cost analysis to compare the cost of these sports and energy drinks with the cost of the basic ingredients used to prepare a comparable drink.
Because water is a polar molecule, it can dissolve ionic compounds, resulting in strong electrolytes. For example, soluble ionic compounds like sodium choride (table salt) dissociate completely to produce many ions in solution that can conduct electricity, so aqueous solutions of soluble ionic compounds are strong electrolytes. The ionic bonds in other ionic compounds are so strong that they barely dissociate in water. These compounds only dissociate to a small degree in water, producing only a few ions. While these solutions can still conduct electricity, the limited number of ions results in much weaker electrical conductivity. Thus, these types of solutions are weak electrolytes. Other compounds may dissolve in or mix with water but do not produce any ions in solution, so they do not conduct electricity. For example, ethanol (C2H5OH) is the alcohol in beer and wine. Although ethanol mixes with water, it is a nonelectrolyte. 

Arrhenius definitions 

In the 1880s Svante Arrhenius was the first scientist to propose that the electrical conductivity of electrolytes resulted from the presence of ions in solution. His experiments led him to postulate that acids produce hydrogen ions (H+) in aqueous solution while bases produce hydroxide ions (OH).Thus, the acidity or basicity of a substance depends on the relative amounts of H+ ions or OH ions present in solution.

1. WebMD Medical Dictionary  (http://dictionary.webmd.com/terms/electrolytes) 

· In acidic substances, the H+ ion concentration is greater than the OH ion concentration. 

· In basic substances, the H+ ion concentration is lower than the OH ion concentration. 

· In neutral substances, the H+ ion concentration is equal to the OH ion concentration. 

In the laboratory, pH measurements are usually taken since pH is a scale that measures relative acidity. pH is defined as -log[H+], and the scale below shows how pH relates to [H+]:
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Note: 
The lower the pH, the higher the [H+], and the higher the pH, the lower the [H+]. 
Solutions of low pH are more acidic, and those of high pH are more basic.

In the experiment, you will reproduce an assigned sport or energy drink using deionized water, sodium chloride and potassium chloride for the salt content, honey (for glucose-fructose syrup) and table sugar (for sucrose) for the sugar content, and lemon juice for the citric acid content. The density of each solution will be used to determine the total mass of solute present for a given amount of solution. The pH will be measured using pH paper, and a voltmeter will be used to determine the overall conductivity of the sport drink and the conductivity of each ingredient. 

__________________________________________________________

Note: The Vernier LabQuest systems (units and probes) are expensive and not covered by standard lab breakage fees. The displays can be easily damaged by chemical spills and must be kept as far away as possible from any chemicals. Students will be charged the full cost (~$400) to replace damaged LabQuest systems in addition to any lab fees already paid.

Note: The solutions used in this experiment will generally be more acidic than predicted primarily due to the presence of dissolved CO2 in aqueous solutions. CO2 reacts with water to generate H+:

CO2(g)  +  H2O(l)  [image: image2.wmf]  H+(aq)  +  HCO3(aq)

The pH of neutral solutions should be the same pH as deionized water. Use the pH of deionized water to correct the pH of each neutral solution accordingly. 

Work in pairs.

Record the name of the assigned Sports Drink. 

A. Density of Sports Drink              
Starting with a clean, dry 10 mL graduated cylinder and using an analytical or milligram balance, record the mass and volume (both to the correct number of significant figures) to determine the density of the sports drink. Carry out at least three trials, with one trial using 10.00 mL of solution. 

Calculate and record the average density for all three trials. 

Next, measure and record the mass of 10.00 mL of deionized water, and use that mass to calculate the total mass of all solutes present in 10.00 mL of the sport drink. Multiply this mass by 10 to get the total mass of all solutes for 100.0 mL of the sport drink.

B.  pH of Sports Drinks, Salts, Sugars, and Lemon Juice              
Fill a 100-mL graduated cylinder to the 100.0 mL mark with deionized water. Use pH paper to measure and record the pH of the deionized water. (Note that this may not be as expected given the amount of dissolved carbon dioxide that affects the pH. Note that other solutions with this approximate measured pH should be considered neutral since their pH will be determined by the pH of the deionized water.)

Transfer a few milliliters of the sports drink to a small beaker, and use pH paper to measure and record its pH. 

Take a clean, dry 250 mL beaker on an analytical or milligram balance. Add a drop of honey into the beaker, and record the mass of honey used. Add enough sucrose (table sugar), so the total mass of honey and sucrose ((0.001 g) is equal to the mass of sugars calculated based on the drink’s label. 

Transfer all of the DI water from the 100-mL graduated cylinder to completely dissolve the honey and sugar in the beaker. Use pH paper to measure and record the pH of the honey-sugar solution. 

Next, measure out the calculated mass ((0.001 g) of sodium chloride and add it to the honey-sugar solution in the beaker. Stir the solution to get a uniform mixture, then measure and record the pH of the resulting solution. 

Measure out the calculated mass ((0.001 g) of potassium chloride and add it to the honey-sugar-NaCl solution in the beaker. Stir the solution to get a uniform mixture, then measure and record the pH of the resulting solution. 

Use pH paper to monitor the pH of the solution, and add lemon juice drop by drop (keeping track of the number of drops used), stirring after each addition, until the pH is close to or matches the pH measured for the sports drink. 

Stir the solution to insure a uniform solution then determine the density of the solution prepared using the same method used for the sports drink in part A. 

C. Conductivity of Sports Drinks, Salts, Sugars, and Lemon Juice              
Half fill a clean dry 30 mL beaker with the sports drink. Half fill a second clean dry 30 mL beaker with the solution prepared. Prepare a salt bridge by soaking a piece of filter paper using the 1M sodium chloride solution. Put one end of the salt bridge into the beaker with the sports drink and the other end of the salt bridge into the beaker with the solution prepared. Measure and record the cell voltage for the solutions using the Vernier LabQuest system. The closer the overall concentration of solutes in each solution, the lower the voltage. 

D.  Recipe and Cost Analysis

Use the amounts used to prepare a recipe for your sports drink based on the masses and number of drops of each ingredient used. These recipes will be used to prepare your solutions in the classroom to be used for taste tests. 

Record the prices shown for each ingredient, and calculate the total cost to prepare 100.0 mL of your solution. Next, determine the total cost to prepare one bottle of your assigned sports drink based on the ingredients you used to prepare your solution. 
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Name: _________________

Pre-Laboratory Assignment
Section Number: ___________
1.
What is the purpose of this experiment?

2.
What is your assigned sport drink? ______________________________

3.
What is the serving size indicated on the Nutrition Facts label on your assigned sport drink?  _____________

4.
a.
Indicate the mass of each of the following ingredients per serving reported on your 


assigned sports drink:


mass of sodium: _________     mass of potassium: _________     mass of sugars: _________     
b.
If the serving size is smaller than the bottle/container, how many servings are there per bottle?  _________

c.
Indicate the mass of each ingredient per bottle for your assigned sports drink:


mass of sodium: _______     mass of potassium: _______     mass of sugars: _______     
5.  Calculate the equivalent mass of each ingredient in problem #3 needed to prepare 

100.0 mL of solution with the same concentration of each ion indicated in your sport drink. Show your calculations below, expressing your final answer with the correct units and number of significant figures.  

mass of sodium: _______     mass of potassium: _______     mass of sugars: _______     

Transfer these calculated masses to the column labeled “Calculated Amount” in the Table in part B of the Lab Report form.
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 Name: ______________________
Partner: _____________________

Section Number: ____________

Assigned sports drink: ___________________________

A. Density of Sports Drink              
	
	Trial 1
	Trial 2
	Trial 3

	Mass of graduated cylinder + sports drink  
	
	
	

	Mass of empty 

graduated cylinder 
	
	
	

	Mass of sports drink  
	
	
	

	Volume of sports drink  
	
	
	10.00 mL

	Density of sports drink  
	
	
	


Show density calculations for each trial below:

Show the calculation for average density below:

Average density: _________________________

	Mass of 10.00 mL of the sports drink  
	Mass of 10.00 mL of DI water
	Mass of all solutes in 10.00 mL of sports drink  
	Mass of all solutes in 100.0 mL of sports drink  

	
	
	
	


B.  pH of Sports Drinks, Sugars, Salts, and Lemon Juice     

      pH of deionized water: _______________           pH of sports drink: _______________           

	Ingredient
	Calculated Mass 
	Actual Mass Used
	pH

	Honey
	
	
	

	table sugar (sucrose)
	
	
	

	sodium chloride
	
	
	

	potassium chloride
	
	
	

	lemon juice
	
	
	


C. Density of Prepared Solution              
	
	Trial 1
	Trial 2
	Trial 3

	Mass of graduated cylinder + prepared solution  
	
	
	

	Mass of empty 

graduated cylinder 
	
	
	

	Mass of prepared solution
	
	
	

	Volume of prepared solution
	
	
	10.00 mL

	Density of prepared solution
	
	
	


Show density calculations for each trial below:

Show the calculation for average density below:

                                   Average density: _________________________

How does the average density of the prepared solution compare to the average density of the sports drink?

	Measured cell voltage between the sports drink and prepared solution
	


D.  Recipe and Cost Analysis

Use the amounts used to prepare a recipe for your sports drink based on the masses and number of drops of each ingredient used. 

Record the prices shown for each ingredient, and calculate the total cost to prepare 100.0 mL of your solution. Next, determine the total cost to prepare one bottle of your assigned sports drink based on the ingredients you used to prepare your solution. 

	Ingredient
	Cost per Container
	Amount per Container
	Cost for Amount Used

	honey
	
	
	

	table sugar (sucrose)
	
	
	

	sodium chloride
	
	
	

	potassium chloride
	
	
	

	lemon juice
	
	
	


	Total cost of solutes for 
100.0 mL
	
	
	Total cost of solutes for volume per bottle
	


Compare the cost of one bottle of the sports drink with the cost of the solutes in the drink. Is the difference in cost due to the cost of the plastic bottle and  water? Explain.

Taste Tests
Were you able to tell the difference between the bottled sports drinks with the comparable solutions prepared in the lab? Was the difference very noticeable? If so, were there key ingredients missing that are not easily determined from the labels? Can you suggest possible ingredients that might account for the difference in taste?
Do you think the difference in taste and the savings in time required to make the drink yourself from the ingredients is worth the additional cost you pay when you buy bottles of the drink? Explain.

