Enriched Chemistry

Ch 18  Lab:  Acid Base Titrations

Purpose

To measure the molarity of ethanoic acid using a standardized solution of sodium hydroxide.

Background

Scientists conduct experiments that are designed to answer the question:  How much acid or base does this solution contain?  The chemical reactions used to answer this question are neutralization reactions and titration is the method used. 

You can neutralize an acid with a base very precisely by using the technique of titration.  Using a titration, a solution of known acidity (a standard solution) is gradually added to a solution of unknown basicity.  At the point of neutralization, the number of equivalents of acid must be equal to the number of equivalents of base.  Thus, titration tells you the equivalents of base in your unknown solution.  The neutralization, or equivalence point, of the reaction is estimated by the color change of an acid-base indicator or by a neutral reading on a pH meter.  You can also reverse the titration procedure so a standard base solution is used to titrate an unknown acidic solution.  

In this experiment, you will prepare a standard solution of an acidic compound, potassium hydrogen sulfate (KHSO4).  You will then use this solution to make a standard solution of sodium hydroxide titration.  Finally, you will use your standardized sodium hydroxide solution to titrate ethanoic acid, CH3COOH.  House hold vinegar is actually a dilute solution of ethanoic acid and that is what we will use in this experiment.

Materials
	1 10ml graduated cylinder
1 100 ml graduated cylinder
2 50 ml burets

2 pipet suction bulbs

4 250 ml Erlenmeyer flasks

1 ring stand

1 double buret clamp

1 spatula

scale

	1 filter paper

2 rubber stoppers

1 plastic wash bottle

2 sheets of white paper

Potassium hydrogen sulfate, KHSO4 (s)
6M Sodium hydroxide  NaOH(aq)

Phenolphthalein solution

Ethanoic acid CH3COOH(aq), (Vinegar)

Distilled water


Procedure
GENERAL LAB PROCEDURES

You will keep a complete record on the appropriate forms of all tests and reactions performed.  Record your date and observations in Date tables.  You MUST show all of your work!  Any mathematical equations that you perform during the lab you MUST show the equation you started with. A good rule is once you touch your calculator you MUST show your work!  All numbers in your lab should have units with them.  
READ PARAGRAPH ABOVE AGAIN!!!! 

Since contamination is the biggest cause for error in titration, the first thing that must be done in the lab is to thoroughly wash all of the equipment.  Steps to use when properly washing equipment are:

1. Wash with soap.  Use a brush on buret tubes. 

2. Rinse three times with plenty of tap water.
3. Rinse a final time with a small amount of distilled water.  DO NOT fill any container full of distilled water when rinsing.  Place a small amount (a few milliliters) in the container and swirl the distilled water over the entire inside surface before discarding.

At the end of the lab period:

· Dispose of all used chemicals properly

· Rinse all equipment 
· Return equipment to its proper place 
· Fill the distilled water bottles

· Wash and wipe the counter top of your work area
Part A.  Preparation of your KHSO4 Acid standard solution
1. Fill a clean 250 ml Erlenmeyer flask with about 100 ml of distilled water.

2. Using a scale, weigh out a sample, of KHSO4(s), 3.0 g to 3.5g. Then pour it into the Erlenmeyer flask containing the distilled water.

3. When the KHSO4(s) is completely dissolved (may have to swirl the mixture), fill the flask to the 250 ml mark with distilled water.

4. Stopper and mix the contents thoroughly by swirling the mixture.  Label the solution “KHSO4 Acid Standard” and mark the label with your initials.
5. Determine the molarity of your standard acid solution.

	Date Table 1:  Molarity of Potassium Hydrogen Sulfate

	Mass of KHSO4(s) Used
	

	Molar mass of KHSO4(s)
	

	Volume of Solution (L)
	

	Molarity of KHSO4(aq)
	


Part B.  Preparation of your NaOH Base standard solution 
CAUTION:  Sodium hydroxide is corrosive.  
1. Using a 10 ml graduated cylinder, measure out 5.0 ml of the 6M NaOH(aq). 
2. Pour this into a 250 ml Erlenmeyer flask, labeled “NaOH Base Standard” and also mark the label with your initials. 
3. Then fill the flask to the 250 ml mark with distilled water (or measure out 245 ml of distilled water so you have a total volume of 250ml for your final solution).

Part C.  Preparation of the Burets
1. The left 50 ml buret should be labeled “acid” and the right buret “base”.

2. Rinse the “acid” buret with two 5.0 ml portions of the standard solution of KHSO4.  Let each portion drain out of the buret before adding the next rinse.  Discard these rinses. 

3. Fill the buret with the KHSO4 acid standard solution. Before beginning the titration, remove any bubbles trapped in the tip of the buret and the stopcock.

a. Record this as the initial volume of the acid in table 2

4. Rinse the “base” buret with two 5.0 ml portions of the standard solution of NaOH.  Let each portion drain out of the buret before adding the next rinse.  Discard these rinses.
5. Fill the buret with the NaOH base standard solution. Before beginning the titration, remove any bubbles trapped in the tip of the buret and the stopcock.

a. Record this as the initial volume of the base in table 2
	Table 2:  Normality of Sodium Hydroxide

	
	Trial 1
	Trial 2
	Trial 2

	
	Acid
	Base
	Acid
	Base
	Acid
	Base

	Final volume
	
	
	
	
	
	

	Initial volume
	
	
	
	
	
	

	Volume used
	
	
	
	
	
	

	Molarity of NaOH
	
	
	
	
	
	

	Average molarity of NaOH
	


Part D.  Determining the Molarity of the NaOH(aq) standard solution.

You already determined the molarity of the standard acid solution of KHSO4 in part A when you prepared the solution.  Since your using a prepared solution of NaOH and it was given to you in liquid form you don’t know its exact molarity.  You are going to use titration with your standard acid solution to determine the base’s molarity.
1. From your acid buret, add 10-12 ml of the KHSO4 to a clean 250 ml Erlenmeyer flask.  Lightly tap the tip or use a wash bottle to rinse the last drop of acid from the tip of the buret into the flask.  

2. Add 50 ml of distilled water and 1 – 2 drop of phenolphthalein to the flask

3. Now, slowly add sodium hydroxide solution from the base buret into the flask. As you add the base, gently swirl the solution into the flask

a. A pink color will appear and quickly disappear as the solutions are mixed. As more and more base is added, the pink color will persist for a longer time before disappearing.  This is a sign that you are nearing the equivalence point (Also called end point).

b. Continue to add base standard, NaOH, more slowly from the buret, until a single drop of base turns the solution in the flask a pale pink color that persists for 15-30 seconds.
c. IF you overshoot the end point – that is, if you add too much base so the solution turns bright pink. Simply add a few drops of acid from the acid buret to turn the solution colorless again.  Approach the end point again, adding base drop by drop, until one drop causes the color to a pale pink.

4. When you are sure you have achieved the end point, record the final volume reading of each buret in table 2.
a. NOTE:  Do not allow the level of the solution in either buret to go below the 50 ml mark.  If you do, you will have to discard your sample and begin again.
5. Calculate the Molarity of the NaOH(aq) for your titration using the formula MAVA = MBVB.  

6. Discard the solution in the Erlenmeyer flask down the sink with the water running. 
7. Refill both burets if necessary.

8. Record the initial volume in each buret (in table 2) and do another titration, as described in steps 1- 6 in part D.
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If your molarities obtained from the 2 titrations trials do not agree within 1%, perform a third titration.  The formula for percent error is: 
10. Once your results are within 1% error you can continue onto part E.

Part E.  Determination of the Molarity of the Ethanoic Acid (Vinegar)
From part D you now know the molarity of your base standard solution.  You are going to use it to determine the molarity of Ethanoic Acid or common household vinegar.  
1. Fill a clean 250 ml Erlenmeyer flask with 50 ml of distilled water.

2. Using a clean 10 ml graduated cylinder measure 10 mL of ethanoic acid and add it to the 50 ml of distilled water, then fill the flask to the 100 ml mark with distilled water.  
3. Stopper the flask and label the bottle “10% vinegar” and mark the label with your initials.
4. Using a clean graduated cylinder measure 20 ml of the “10 % vinegar” and pour it into a clean 250 ml Erlenmeyer flask.  Add 50 ml of distilled water and 1-2 drops of phenolphthalein to the flask.  This is your acid with an unknown molarity. You will do titration with the base standard (NaOH) that you determined the molarity of in Part D.
a. In table 3, indicate how much of the 10% vinegar you started with in the flask.

5. Make sure your base buret is filled with the NaOH base standard solution..

a. Record this as the initial volume of the base in table b

6. Titrate the vinegar and phenolphthalein with the “base standard” NaOH(aq) solution from the base buret.  

NOTE:  Do not allow the level of the solution in either buret to go below the 50 ml mark.  If you do, you will have to discard your sample and begin again

7. Do at least 2 titrations that agree within1%.

8. Discard the solution in the Erlenmeyer flask down the sink with the water running.  

	Table 3:  Molarity of Ethanoic Acid

	
	Trial 1
	Trial 2
	Trial 2

	
	Acid
	Base
	Acid
	Base
	Acid
	Base

	Initial volume in Erlenmeyer flask
	
	
	
	
	
	

	Final volume in Buret
	
	
	
	
	
	

	Initial volume in Buret
	
	
	
	
	
	

	Volume used
	
	
	
	
	
	

	Molarity of Ethanoic Acid
	
	
	
	
	
	

	Avg Molarity of Ethanoic Acid
	


Analysis and conclusions

1. Make a table listing the classrooms results for the molarity of Ethanoic Acid. After examining the class results for the Molarity of vinegar (Ethanoic Acid).  Explain for the differences among theses values.

Prelab Questions

Answers all questions in complete sentences.
1. In a tritration, what is occurring at the exact moment of neutralization?

2. Explain how the volume of a solution used in a titration is determined by using buret. Draw a diagram help explain your answer.
3. Define standard solution.


4. Performing a titration experiment you will know either the molarity of acid or the base and trying to determine the molarity of the unknown.  To determine the molarity of an acid or a base in titration the following equation is used.

MA VA = MB VB
MA = molarity of acid

VA = volume of acid

MB = molarity of base

VB = volume of base

In the example on the right, the base standard has a molarity of .758 M.  The buret, containing the base standard, had an initial volume of 5.0 ml and a final volume of 28.1 ml.  The flask contains 25.0 ml of the unknown acid concentration.  What is the molarity of the unknown acid?

5. Why are the burets rinsed with acid and base solutions before filling?

6. What must you do in event that the level of the solution in the buret goes below the 50 ml mark?

7. Provided 3 different reasons you and your classmates could end up with a different molarities for the NaOH.
8. When do you need to show your mathematical work on this lab?

% error = | Molarity Trial 1 – Molarity Trial 2|


                 Average of Molarity from trial 1&2
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