Gateway 125, 126, 130
Fall 2006
Studio 10a  p1
Gateway 125,126, 130
Fall 2005
Week 5, Section  p5

Studio 10a (11/06/06):  Got Indigestion?  Need some Alka-Seltzer?

Group assignments:  A Leader/Reporter;  B Recorder; C Technician

Alka Seltzer is an over-the-counter antacid and pain relief medication that when dissolved in water and begins fizzing.  Take a closer look and you will find that an Alka Seltzer tablet contains aspirin (acetylsalicylic acid), citric acid (Figure 1), and the base sodium bicarbonate (NaHCO3).  
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1) What do the two acids have in common?  
2) When the tablet dissolves in water, the three reactions shown below take place.  Balance them.
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3) The reactions go to completion with time.  Why?  
4) How does this support the statement on the box, “Alka-Seltzer in water contains principally the antacid sodium citrate and the analgesic sodium acetylsalicylate.
5)  The packaging says that each Alka Seltzer tablet contains 325 mg of aspirin, 1000 mg of citric acid, and 1916 mg of sodium bicarbonate.  Which ingredients/s is/are the limiting reagent/s?    How much of the limiting reagent/s is/are leftover?
Question
The manufacturing process at an antacid company can very accurately add acetylsalicylic acid and citric acid to its tablets, but there have been some concerns about quality control in the addition of sodium bicarbonate.  Your goal is to determine the amount of sodium bicarbonate in a tablet using vinegar.  Vinegar was chosen to comply with the company’s green chemistry policy and for its economic value.  Vinegar is ~4.5% acetic acid, so you face the challenge of using a reagent of unknown concentration.
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6) Write out the balanced chemical reaction of acetic acid (Figure 2) with sodium bicarbonate.

Data/Fact Gathering 

As you ponder your task, you come across these notes and Table 1:

Eight solutions, each 35 mL total in volume were prepared.  The volume of vinegar in each solution varied from 0 mL  to 35 mL in 5-mL increments; the remainder of the solution volume was water.  Before each experiment was run, the mass of each  antacid tablet and the total mass of the 35-mL vinegar–water solution in the cup were found.  One antacid tablet was dissolved in each of the vinegar–water solutions.  Each solution was carefully swirled to ensure complete dissolution of the tablet.  The total mass of the reaction mixture in the cup was measured when the reaction (bubbling) stopped.  
Table 1:  Determination of Sodium Bicarbonate in antacid
	
	Vol/mL
	Mass/g

	Run No
	Vinegar
	Water
	Cup w/ liquid
	Antacid tablet
	Cup at end of rxn

	1
	0
	35
	
	
	

	2
	5
	30
	
	
	

	3
	10
	25
	
	
	

	4
	15
	20
	
	
	

	5
	20
	15
	
	
	

	6
	25
	10
	
	
	

	7
	30
	5
	
	
	

	8
	35
	0
	
	
	


Evaluation

7)  Will this experiment all you to determine the mass of sodium bicarbonate in an antacid tablet?  How?
Data/Fact Gathering
Carry out the experiment
Evaluation

8)  For each reaction in Table 1, indicate whether the vinegar of the sodium bicarbonate is the limiting reagent.

9)  Why did you need to carry out multiple (eight) trials?

10) What is the mass of sodium bicarbonate in the antacid tablets measured?

11) Where are the possible sources of error in the experiment?    
a. How does the CO2 that remains dissolved in the reaction solution affect the results?  
b. How does any evaporation of water affect the results?
c.  What other sources of error are there?
12) Describe one other method of determining the mass of sodium bicarbonate in an antacid tablet.
Figure 1:  Acids in Alka-Seltzer
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Figure 2:  Acetic acid
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