Lab #10: Acid-Base Titration 
In a chemistry lab, a process known as an acid-base titration can determine an unknown concentration of an acid or base.  In this process, a standard solution is used to neutralize a precise volume of another solution with an unknown concentration.  The standard solution is a solution of a precisely “known” concentration. In order to determine when a solution has been neutralized, one or two drops of an “indicator” is needed.  When carrying out an acid-base titration, you must be able to recognize when to stop adding the standard solution (when you have neutralized the other solution).  This is the purpose of the acid-base indicator.  A sudden change in color will signal that neutralization has occurred.  At this point, the number of H+ ions from the acid will be equal to the number of hydroxide ions (OH-) from the base.  The point at which this occurs is called the endpoint.  At the endpoint, the volume of the solution with the unknown concentration is measured.  From that information, the concentration can then be determined.  Use the following relationship to calculate the unknown concentration:

                                       MA  x  VA  =  MB  x  VB 

where   MA = molarity of the H+ ions in solution

            MB = molarity of the OH- ions in solution

            VA = volume of the acid solution
                        VB = volume of the base solution

Most of the lab work you have done in the past has required you to calculate mass relationships.  These types of quantitative experiments are known as gravimetric analysis.  Titrations require the technique of calculating volume relationships.  This technique is called volumetric analysis.  This experiment will help you understand the properties of acids and bases, neutralization reactions, and titrations.

Objective

          How can we determine the molarity of a base of unknown concentration by titrating it with a standard acid solution?
Safety


Always wear safety goggles and a lab apron or coat when working in the lab.  Follow all the safety precautions for working with acids and bases.  Wash hands before leaving the lab.

Materials

two 50-mL burets

ring stand


double buret clamp      


safety glasses


10-mL graduated cylinder
stir plate and stir bar

50-mL Erlenmeyer flask 
pipet



phenolphthalein indicator


0.100 M HCl solution

NaOH solution (unknown)
distilled water

Procedure
1. Before you start the lab, two burets will be set up for you.  One of the burets will contain 0.100 M HCl solution and it will be labeled as ACID.  The other buret will have an unknown concentration of base in it and will be labeled as BASE.  Your teacher will demonstrate how to adjust, use and read the burets properly.  Pay very close attention to the operational procedure of these burets and make observations on their usage.  Burets are highly sophisticated pieces of laboratory equipment.
2. Place a 50-mL Erlenmeyer flask under the acid buret.  Record the starting volume of your HCl in your data table.  (NOTE: if this is you first trial then your starting volume is 0.00 mL)
3. Carefully turn the valve on the acid buret to the open position and allow EXACTLY 10.00 mL of 0.100 M HCl to enter the flask.  Record your final volume of HCl added in your data table.  (NOTE: if this is you first trial then your final volume should be exactly 10.00 mL)
4. Using a 10-mL graduated cylinder, add 10.0 mL of distilled water to the same flask.
5. Now add 1 drop of phenolphthalein indicator to the flask.  Swirl the flask to mix all three ingredients.

6. Now place the flask under the base buret and record the starting volume of NaOH..  (NOTE: if this is you first trial then your starting volume is 0.00 mL)
7. Carefully turn the valve on the base buret to the open position and slowly add the NaOH solution drop by drop.  As you are adding the base, swirl the flask gently.  You will notice a pink color appear and quickly disappear each time a drop of base is added.  Record these observations.  You want to continue to add base until only the “faintest pink” color remains for about 30 seconds.  At that point you have reached your endpoint.  Record the final volume of NaOH added at that point.  (NOTE: if you “overtitrated,” record the final volume anyway and try to be more accurate on your next trials.
8. After you have reached your endpoint and recorded your final volumes, discard the solution in your flask and thoroughly clean it.  Prepare for another trial.
9. Repeat steps 2 through 8 three more times.  Try to get at least three good titrations (no significant overtitrations).  You do not have to refill the burets each time.  Simply read and record the initial and final volumes of the solutions in the burets before and after each trial.
Observations -   
Observe all aspects of this lab experiment.  Be specific in your report.  




Data - 
Acid-Base Titration Data

	
	       Trial 1
	       Trial 2
	       Trial 3
	       Trial 4

	
	HCl (mL)
	NaOH (mL)
	HCl (mL)
	NaOH (mL)
	HCl (mL)
	NaOH (mL)
	HCl (mL)
	NaOH (mL)

	Initial reading
	
	      
	      
	      
	      
	      
	      
	      

	Final reading
	
	
	      
	      
	      
	      
	      
	      

	Volume used
	
	
	      
	      
	      
	      
	      
	      


Calculations 

1. For each trial, calculate the molarity of the NaOH solution using the given formula.  

Determine the average molarity from your trials (disregard any inaccurate trials).

You MUST show all of your work!
MA  x  VA  =  MB  x  VB
Trial 1:  _____________

Trial 2  _____________


Average Molarity:  _____________

Trial 3  _____________

Trial 4 _____________

Discussion  
· Describe in detail how you determined the molarity of your unknown solution.
· Write out the balance equation for the reactions that occurred in your flask.
· What was your final result for the average unknown concentration of NaOH?
· How were you able to determine the endpoint of the titration?
· What color does phenolphthalein turn in acid and in base?
· What color were you trying to achieve at the endpoint of the titration and why?
Additional Discussion Questions

Write down all of the questions as well as the answers using complete sentences.

1. How was volumetric analysis used in this lab?

2. At the endpoint of these titrations, what is the relationship between the moles of acid in your flask and the moles of base you added?
3. If 30.0 mL of a 0.500 M solution of KOH was needed to neutralize 10.0 mL of HCl, what was the molarity of the HCl?  (SHOW ALL WORK)
4. How many mL of 0.100 M NaOH would be needed to titrate 20.0 mL of  0.100 M H2SO4?  Use a balanced equation to show the neutralization and to explain your calculations.  (SHOW ALL WORK)
5. People can use white vinegar in preparing foods without danger to their skin or internal organs.  This is because white vinegar is a “weak” acid.  Explain what is meant by a weak acid and why white vinegar is safe to use in cooking.
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