Acid and Base Titration
Objective

The objective of this lab is to titrate a weak acid (acetic acid) with a base (NaOH) of known concentration, and to titrate a weak base (ammonia) with an acid (HCl) of known concentration.  The data from these titrations can then be used to calculate the concentrations of the weak acid and base.
Brief Overview
Titration is a technique used to determine the concentration of a given substance.  A solution with a known volume and concentration is used to titrate (react with) another solution with a known volume and an unknown concentration.  Some type of indicator is used to signal the point at which all of the unknown substance has been reacted.  This is commonly called the end point of the titration.  The most common type of titration is one involving an acid and a base reacting with one another.  
Part I.  Titration of Acid with Base 
You will first titrate a weak acid (acetic acid, HC2H3O2) with a strong base (NaOH).  You will be using common household vinegar, a solution of acetic acid in water.  You will know the volume of vinegar used, but NOT the molar concentration of acetic acid in the vinegar.  You will titrate with 0.50-molar sodium hydroxide (NaOH).  The following reaction ensues: 

HC2H3O2(aq) + NaOH(aq)  (  NaC2H3O2(aq) + H2O(l)  
You will know when to end the titration by observing the first PERMANENT color change of the indicator from the acid color to the base color.  This change will pervade the entire solution in the flask.  Students often misunderstand the color change.  Upon first addition of NaOH solution or HCl solution, they see a color change and stop.  This is incorrect.  The color change must be permanent and pervade the entire solution.  Thus, swirling is necessary to mix the solution. 
Procedure 
1)  Rinse a 250-mL Erlenmeyer flask with some distilled water.  Swirl the water in the flask and discard the water. 
2)  Use a dry 10-mL graduated cylinder to measure 5.0-mL of vinegar.  (If it is 5.1 or 5.2, that's OK, just make sure to record the EXACT volume of vinegar used.) 
3)  Pour the vinegar into the 250-mL flask.  Do not spill any vinegar.  Add four drops of the bromthymol blue indicator to the flask.   
4)  Locate one 50-mL burette and rinse it with 15 mL of NaOH solution.
5)  When rinsed and drained, fill the burette to within 5 mL of the zero mark.  Make sure to drain some solution through the tip before starting to rinse the tip and eliminate air bubbles that would give a false volume reading.  Make sure to record the initial burette volume in your data table. 
6)  Arrange the burette and flask for the titration.  Have a clean stirring rod and filled distilled water bottle handy. 
7)  Run one to two mL of NaOH solution into the flask and swirl the flask.  Note that there is a color change very near where the solution goes in, but it quickly disappears, especially when the flask is swirled. You are NOT DONE yet. 
8)  Continue adding small amounts of NaOH (less than one mL at a time) and swirling.  As the titration proceeds, note that the color changes linger longer and longer. 

9)  As the color change lingers longer, switch to adding NaOH by drops.  Stop adding drops when the color change is permanent.  Use the distilled water bottle to rinse the inside walls of the flask, since swirling has put unreacted acid up on the walls.  If the color change persists, add one more drop of NaOH (just to be sure), then stop.  Record the ending burette volume in your data table. 
10)  Pour solution in flask down the sink, rinse with distilled water and repeat a second and third time.     
Data
	  
	Trial #1 
	Trial #2 
	Trial #3 

	Volume of vinegar (mL) 
	  
	  
	  

	Molarity of NaOH 
	0.50 M 
	0.50 M 
	0.50 M 

	Volume of NaOH (mL)
  initial reading 
	  
	  
	  

	Volume of NaOH (mL)
  final reading 
	  
	  
	  

	Volume of NaOH (mL)
  delivered
	
	
	


Post Lab Questions 
1)  Calculate the volume of NaOH solution delivered.  Remember to carry at least 4 sig figs!
2)  Calculate the moles of NaOH in the volume delivered.  Remember to carry at least 4 sig figs!
3)  Determine the moles of acetic acid in the vinegar.  Explain your reasoning. 
4)  Calculate the molar mass of acetic acid, HC2H3O2.  Remember to carry at least 4 sig figs!
5)  Calculate the grams of acetic acid in the vinegar sample.  Express answer using correct sig figs.
6)  Determine the mass of the entire vinegar sample, assuming the density of the vinegar is 1.00 g/mL.  Why can you assume this value of density? 
7)  Calculate the percent composition, by weight, of acetic acid in vinegar.  Round your answer to the nearest 0.1 place. 
8)  Calculate the molarity of the vinegar.  Express your answer using correct significant figures.
9)  Using the template provided, draw a diagram showing, on a molecular scale, what is happening in the flask before, during, and after the end point of the titration.
10)  For the reaction between vinegar and sodium hydroxide, name the type(s) of acid and base (i.e. Arrhenius, Bronsted-Lowry), and identify the conjugate acid/base pairs.  Identify the reaction type and write a net ionic equation for this reaction.  
11)  Calculate the pH of the vinegar.   (Ka = 1.8 x 10-5 for acetic acid)
12)  Compare your group’s data for percent composition, molarity and pH of the acetic acid solution with all other groups’ data from other classes.  Give reasons for any discrepancies greater than 10%.
13)   By law, vinegar must contain at least 4% acetic acid, which corresponds to a concentration of 0.67M.  Use this value to compare your results for titration of acetic acid with NaOH.  Did the manufacturer of the vinegar solution meet the legal standard?  Also use this value to calculate a percent error for your calculated molar concentrations of acetic acid, using correct sig figs.
Part II.  Titration of Base with Acid 

The second substance is household ammonia (a solution of ammonia, NH3).  You will know the volume of ammonia solution used, but NOT the molarity of ammonia in the solution.  You will titrate with 0.50-molar hydrochloric acid (HCl).  The following reaction ensues: 
HCl(aq) + NH3(aq)  (  NH4+(aq) + Cl¯(aq)  
Procedure 

1)  Rinse a 250-mL Erlenmeyer flask with some distilled water. 
2)  Use a dry 10-mL graduated cylinder to measure 5.0-mL of ammonia.  (If it is 5.1 or 5.2, that's OK, just make sure to record the EXACT volume of ammonia used.) 
3)  Pour the ammonia into the 250-mL flask.  Do not spill any ammonia.  Add four drops of the bromthymol blue indicator to the flask.    
4)  Locate one 50-mL burette and rinse it with 15 mL of 0.50M HCl solution.

5)  When rinsed and drained, fill the burette to within 5 mL of the zero mark.  Make sure to drain some solution through the tip before starting to rinse the tip and eliminate air bubbles that would give a false volume reading.  Make sure to record the initial burette volume in your data table. 
6)  Arrange the burette and flask for the titration.  Have a clean stirring rod and filled distilled water bottle handy. 
7)  Run one to two mL of HCl solution into the flask and swirl the flask.  Note that there is a color change very near where the solution goes in, but it quickly disappears, especially when the flask is swirled.  You are NOT DONE yet. 
8)  Continue adding small amounts of HCl (less than one mL at a time) and swirling.  As the titration proceeds, note that the color changes linger longer and longer. 
9)  As the color change lingers longer, switch to adding HCl by drops.  Stop adding drops when the color change is permanent.  Use the distilled water bottle to rinse the inside walls of the flask, since swirling has put unreacted acid up on the walls.  If the color change persists, add one more drop of HCl (just to be sure), then stop.  Record the ending burette volume in your data table. 
10)  Pour solution in flask down the sink, rinse with distilled water and repeat a second and third time.     
Following completion of all of the above titrations:
1)  Pour all solutions into the sink, then rinse the burette with distilled water.  Make sure to run some distilled water out the tip of the burette.  Discard rinse water in the sink.  Run tap water for 30 seconds to rinse sink and flush all solutions into the sewer. 
2)  Do not attempt to dry the inside of the burette.  Open the stopcock of the burette and clamp it upside down.  Place some paper towel below it to catch any drips. 
3)  Dry all other equipment that is wet, including the table top.  Put all materials onto a dry paper towel near the back of the table.   
Data
	  
	Trial #1 
	Trial #2 
	Trial #3 

	Volume of ammonia (mL) 
	  
	  
	  

	Molarity of HCl 
	0.50 M 
	0.50 M 
	0.50 M 

	Volume of HCl (mL)
  initial reading 
	  
	  
	  

	Volume of HCl (mL)
  final reading 
	  
	  
	  

	Volume of HCl (mL)
  delivered 
	
	
	


Post Lab Questions 

1)  Calculate the volume of HCl solution delivered.  Remember to carry at least 4 sig figs!
2)  Calculate the moles of HCl in the volume delivered.  Remember to carry at least 4 sig figs!
3)  Determine the moles of ammonia in the household ammonia solution.  Explain your reasoning. 

4)  Calculate the molar mass of ammonia, NH3.  Remember to carry at least 4 sig figs!
5)  Calculate the grams of ammonia in the household ammonia sample.  Express answer using correct significant figures.
6)  Determine the mass of the household ammonia sample, assuming the density of the ammonia solution is 1.00 g/mL.  Why can you assume this value of density?
7)  Calculate the percent composition, by weight, of ammonia in household ammonia solution.  Round your answer to the nearest 0.1 place. 

8)  Calculate the molarity of the household ammonia solution.  Express your answer using correct significant figures.
9)  Using the template provided, draw a diagram showing, on a molecular scale, what is happening in the flask before, during, and after the end point of the titration.
10)  For the reaction between ammonia and hydrochloric acid, name the type(s) of acid and base (i.e. Arrhenius, Bronsted-Lowry), and identify the conjugate acid/base pairs.  Identify the reaction type and write a net ionic equation for this reaction.  
11)  Calculate the pH of the ammonia solution.  (Kb = 1.8 x 10-5 for ammonia)
12)  Compare your group’s data for percent composition, molarity and pH of the ammonia solution with all other groups’ data from other classes.  Give reasons for any discrepancies larger than 10%.
13)  The ammonia solution was 5.0% m/m ammonia.  Use this value to compute a percent error for your calculated percent composition by mass of ammonia, using correct significant figures.
