VOLUMETRIC ANALYSIS OF VINEGAR

NAME:__________________________________________________

Prelab

1. A student carried out a titration of 25.00 mL of a vinegar solution having a density of 1.00 g/mL. The acetic acid in the vinegar required 39.50 mL of 0.500 M NaOH solution to reach the first lasting pink color of acid-base indicator, phenolphthalein. The acid-base neutralization reaction is:

CH3COOH(aq)  +  NaOH(aq) ( CH3COONa (aq) + H2O(l)



Acetic acid

a. Calculate the mass % acetic acid present in the vinegar sample.

b. Calculate the relative % error based upon the manufacturer's 5% by mass claim. 

    (Use 5.00 % for calculations)

c. Use your results from (a) to determine the molarity (M) of the acetic acid solution (vinegar).

VOLUMETRIC ANALYSIS OF VINEGAR

Objective: To experimentally determine the concentration of acetic acid in vinegar as a mass % and in terms of molarity. 

Introduction: The Food and Drug Administration as well as other agencies and laboratories are constantly testing and analyzing consumer products and samples of unknown composition obtained from many sources. The methods and equipment now used by testing laboratories are, of course, more precise and sophisticated than those available in most school laboratories. Until recently, however, the method and apparatus in this experiment were used in the majority of analytical laboratories. In some commercial laboratories, they are still used.


In this experiment you will use a sodium hydroxide solution of known molarity, a standardized solution, to determine the amount of acetic acid present in commercial vinegar. Vinegar is essentially an aqueous solution of acetic acid (CH3COOH) in water. The equation for the reaction is:

CH3COOH(aq)   +   NaOH(aq)   (   CH3COONa (aq)   +   H2O(l)
You will measure a specific volume of the vinegar solution into an Erlenmeyer flask and add phenolphthalein indicator solution. You will use a buret to slowly add the NaOH solution to the vinegar until the solution just barely turns pink. At this point you have added just enough moles of NaOH to react with the moles of acetic acid in the vinegar. Since you know the volume of NaOH solution delivered by the buret and the molarity of the NaOH, you can calculate the moles of NaOH used in the reaction. You can use the balanced equation to calculate the moles of acetic acid that were in vinegar solution. You know the volume of the vinegar solution used, so you can calculate the molarity of the acetic acid in the vinegar. Your analysis will enable you to calculate the mass percentage of acetic acid in vinegar and to compare your results with the value given on the bottle obtained from the grocer's shelf.

One method of determining how close is your experimental value to the true value is to calculate the percent error.  This calculation is shown below.
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The percent error may be positive or negative. If it is positive, it indicates that your experimental value was higher than the true value. If it is negative, it indicates that your experimental value was lower than the true value.

Procedure: 

1. Measure the mass of a 250-mL Erlenmeyer flask.

2. Use a graduated cylinder to carefully add 25.0mL of the vinegar into the flask.

3. Remass of the flask and vinegar. 

4. Add 3 drops of phenolphthalein indicator, being careful not to touch the dropper to the walls of the flask. Add the stir bar. 

5. Pour some sodium hydroxide into a 100mL beaker. Rinse the buret with about 5mL of the NaOH solution (unless your facilitator has it set up for you already). Fill the buret above the zero line and run solution through the tip into a waste beaker to remove any air trapped in the tip.

6. Record the initial buret volume reading to nearest 0.01mL. Use a buret reading card (a white note card with a piece of colored tape or an area colored with a marker) to help you see the bottom of the meniscus.

7. Place the Erlenmeyer flask on the magnetic stirrer. Adjust the magnetic stirrer to provide constant mixing without creating a vortex. If you do not have a magnetic stirrer, the flask should be swirled continuously as you add the NaOH solution.

8. Slowly add the NaOH solution to the flask until the pink color begins to linger or disappear more slowly. At this time you will need to slow down the addition eventually to a drop wise rate.

9. Rinse the walls of the flask with distilled water as you approach the endpoint to ensure all the vinegar and NaOH have come together. The stirring may have splattered unreacted NaOH solution on the walls of the flask.

10. The endpoint has been reached when the faint pink color persists for at least 30 seconds.

11. Record the final buret volume reading to nearest 0.01mL. Use the buret reading card.

12. Repeat the titration two more times, rinsing the flask with tap water between each trial. The reaction mixture may be rinsed down the drain. Dry the outside of the flask before measuring its initial mass.

13. At the end of the experiment, drain the NaOH solution from the buret into the waste beaker. The NaOH solution may be rinsed down the drain with plenty of water. Thoroughly rinse all the glassware including the buret with warm tap water.

14. Complete the calculations for the percent by mass of acetic acid and the molarity of acetic acid in the vinegar.

15. VOLUMETRIC ANALYSIS OF VINEGAR
Name:___________________________________ Lab Partner:__________________

Data Table

	
	Trial 1
	Trial 2 
	Trial 3

	Volume of Vinegar Sample
	mL
	mL
	mL

	Mass of Vinegar and Flask
	g
	g
	g

	Mass of Flask
	g
	g
	g

	Mass Vinegar Sample


	g
	g
	g

	Density of Vinegar


	g/mL
	g/mL
	g/mL

	Average Density of Vinegar
	mL
	
	

	Final Buret reading 


	mL
	mL
	mL

	Initial Buret Reading


	mL
	mL
	mL

	Volume NaOH used


	mL
	mL
	mL

	Molarity of NaOH
	M
	
	

	Moles NaOH


	mol
	mol
	mol

	Moles Acetic Acid (CH3COOH)
	mol
	mol
	mol

	Molar Mass CH3COOH


	g/mol
	g/mol
	g/mol

	Mass of Acetic Acid


	g
	g
	g

	Mass Percentage 

Acetic Acid
	%
	%
	%

	Average of Mass Percentage 

Acetic Acid
	%
	
	

	Percentage Acetic Acid on Label


	5.00
	
	

	Relative Percent Error


	%
	%
	%

	Average Relative % Error
	%
	
	

	Molarity of CH3COOH in the Vinegar
	M
	M
	M

	Average Molarity


	M
	
	


1. Show your calculations for the mass percent and the molarity of the acetic acid in the vinegar 

    for one of the trials.

2. How well did your experimental mass percent acetic acid compare with the manufacturer’s 

    value?

3. If your percent was high, discuss what specific sources of error may have caused your percent 

    to be high. 

4.If your percent was low, discuss what specific sources of error may have caused your percent 

   to be low.
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