Acid Base Titrations
Chem 332 – O’Dette
1.  Neutralization

Acids and bases react with each other to neutralize the properties of each.  The general equation for this reaction is:
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acid  +  base          “a salt”  +  water

In this reaction equal amounts of hydrogen ion and hydroxide ion combine to produce water.






H +  +  OH –           H2O

2.  Titration

In the laboratory we react an acid and a base making careful measurements as we go along to record and observation.  A titration set-up is seen in the figure below.  A buret is used to measure volumes to a tenth of a milliliter.  When the number of hydrogen ions just equals the number of hydroxide ions, we have reached the endpoint of this reaction.  By measuring the masses of reactants or volumes of solutions which must be mixed to reach the endpoint, one can compare the two solutions to determine the concentration of an unknown solution.  This is called a titration.

There are two kinds of standards used in titrations.  One is called a primary standard.  Primary standards are solid acids which do not pick up water from the air and therefore can be weighed accurately.  A sample of such a solid acid can be titrated with a base solution to determine the concentration of the base.

Bases, in the form of a solid, pick up moisture from the air and therefore cannot be weighed accurately.  One must make a solution of the base and then determine its concentration using a primary standard.  One can then use this base solution as a secondary standard to determine the concentration of another acid solution.


Calculations, therefore, fall into two categories:  titration of a primary standard (a solid acid) to determine the concentration of a base solution; and a titration between an acid solution and a base solution.  Examples of each type of calculation follow.


Sample Problem 1 : What is the concentration of a KOH solution if 27.2 ml are needed to titrate 1.48 grams of oxalic acid, H2C2O4?

Solution : 

In a titration, the acid and the base must neutralize each other.  Therefore the number of hydrogen ions must equal the number of hydroxide ions.  
Step 1  Write the balanced equation. 




          H2C2O4 +  2 KOH              K2C2O4    +   2 H20


Before setting up the problem, convert mentally:  27.2 ml to .0272 liters.  Now you are ready to apply dimensional analysis to set up the problem.

Step 2   Since we are to find the concentration of the base, start with the mass of the acid.


             ________ x ________ x ________          = 

          



         
Step 3   Convert grams of acid to moles of acid using the molar mass from the table.



       
________ x  ________    x ________        = 

                    



         
        

Step 4    Use the mole ratio to convert from moles of acid to moles of base.


             
    _______ x ________   x      ________          =  0.023492 moles B 
                    



         
Step 5    Now take the number of moles of base and divide it by the volume of base to find the molarity.
    

   0.023492 moles B   

=    0.864 M  
 


Sample Problem 2 : 32.8 ml of a solution of H3PO4 are placed in a flask and titrated with 26.4 ml of 0.762 M KOH solution.  What is the concentration of the acid?

Solution  
Again in a titration, the acid and the base must neutralize each other.  Therefore the number of hydrogen ions must equal the number of hydroxide ions. 
Step 1  Write the balanced equation.





H3PO4   +  3 KOH               K3PO4   +  3 H2O

Before setting up the problem, convert mentally:  32.8 ml to 0.0328 liters and 26.4 ml to 0.0264 liters.  Now set up the problem as follows.

Step 2    To find the moles of acid, start with the volume of the base.

   

____________ x ____________  x    ____________       =        
  
Step 3    Use the molarity of the base to cancel the liters of base.



____________  x  ____________  x  
____________        =        
  

Step 4    Use the ratio, round from the formulas, to convert from moles of base to moles of acid.  




____________  x  ____________  x  
____________        =     0.0067056 moles A
                                    
Step 5    Now take your number of moles of acid and divide it by the volume of the acid to find the molarity.


    
  0.0067056 moles   =      0.204 M 
                 0.0328 L         
Problems
Find the molarity of a NaOH solution if 45.7 ml are needed to titrate 2.65 grams of H2C2O4.

What is the concentration of an Al(OH)3 solution if 33.7 ml are used to titrate 1.82 grams of HNO3?

1. 25.0 ml of a solution of HCl are placed in a flask and titrated with 15.9 ml of a 1.31 M Ca(OH)2 solution.  What is the concentration of the acid?

2. If 31.7 ml of 3.84 M KOH are needed to titrate 18.5 ml of a H3PO4 solution, what is the concentration of the acid?

3. 43.2 ml of a LiOH solution react with 1.6 grams of H3PO4 to give a neutral solution.  What is the concentration of the LiOH solution?
4. What is the concentration of a solution of NaOH, if it takes 16.2 ml of it to neutralize 35.0 ml of a 1.17 M HCl solution?

5. A neutral solution is produced by mixing 41.8 ml of .925 M Al(OH)3 with 33.4 ml of H2SO4.  What is the molarity of the acid?
6. If 3.61 grams of the primary acid, H2SO4 are placed in a flask; 28.0 ml of a KOH solution are needed to neutralize it.  What is the concentration of the KOH solution?
7. 30.8 ml of acetic acid, HC2H3O2 are measured into a flask and titrated using 22.7 ml of a 2.3 M solution of Mg(OH)2.  What is the concentration of the acetic acid solution?

19.4 ml of a Al(OH)3 solution react with 1.75 grams of H2C2O4 to give a neutral solution.  What is the concentration of the Al(OH)3 solution?
17.4 ml of a solution of Ca(OH)2 are placed in a flask and titrated with 22.9 ml of a 4.82 M HCl solution.  What is the concentration of the base?

A neutral solution is produced by mixing 25.0 ml of .925 M KOH with 38.7 ml of H2SO4.  What is the molarity of the acid?

10.0 ml of acetic acid, HC2H3O2 are measured into a flask and titrated using 16.8 ml of a .646 M solution of Al(OH)3.  What is the concentration of the acetic acid solution?
A titration is done by mixing 30.6 ml of .245 M H3PO4 with 29 ml of a Mg(OH)2 solution.  What is the molarity of the base?
48.2 ml of a KOH solution are used to neutralize 2.81 grams of H3PO4 .  What is the molarity of the KOH solution?

Mind Problems

For the remaining problems put away your pencil and paper.  The numbers are even and, if you understand the concept behind the problems, you should be able to do them in your head.

What is the molarity of an HCl solution if 25 ml neutralize 50 ml of a 3 M KOH solution?
20 ml of 1 M NaOH are needed to neutralize 40 ml of an H2SO4 solution.  What is the molarity of the acid?

35 ml of 6 M HCl can be titrated using 35 ml of Al(OH)3.  What is the concentration of the base?

What volume of 2 M KOH would be needed to neutralize 10 ml of 4 M H3PO4?

If 10 ml of 12 M HC2H3O2 neutralize 30 ml of an Mg(OH)2 solution, what is the molarity of the base?
Answers

  1.   1.29 M 

  2.   0.28 M 

  3.   1.67 M
  4.
2.19 M
  5.
1.13 M
  6. 
2.53 M
  7.
1.74 M
8.
2.63 M
9.
3.4 M
10.
0.67 M
11.
3.17 M
12.
0.29 M
13.
3.26 M
14.
0.38 M
15.
1.78 M
16.   6 M
17.
0.25 M
18.
2 M
19.
60 mL
20.
2 M
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