STOICHIOMETRY OF AQUEOUS SOLUTIONS

(VOLUMETRY)

Stoichiometry:

- is the calculation of the quantities of reactants and

 
  products involved in a chemical reaction.

- is based on the MOLE RATIO between amount of

  substance given and amount of substance calculated.



- the MOLE RATIO is available from the

 
  balanced chemical equation 
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In reactions in aqueous solutions the amounts of reactants and products

are commonly given in mL of aqueous solution (volume) of known molarity.

Result:
Mass measurements may be replaced by volume measurements.

Volume          moles            MOLE                    L


 Volume 

 given
          L

    RATIO
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Sample Problem

Consider the reaction of sulfuric acid with an aqueous solution of NaOH:

Unbalanced:                                                     1+   2-
H2SO4(aq)
+
 NaOH(aq)


Na2SO4(aq)
+
H2O(l)

Balanced:

1H2SO4(aq)
+
2 NaOH(aq)


Na2SO4(aq)
+    2 H2O(l)

Suppose a beaker contains 35.0 mL of 0.175 M H2SO4. How many milliliters of 0.250 M NaOH must be added to completely neutralize the sulfuric acid ?

1 H2SO4(aq)
+
2 NaOH(aq)


Na2SO4(aq)
+    2 H2O(l)

0.175 M


  0.250 M
35.0 mL                     ? mL
0.0350 L

                                                    0.175 moles H2SO4     2 moles NaOH         1 L NaOH  

? L NaOH= 0.0350 L H2SO4 x ((((((( x (((((((( x (((((((( 

                                                        1 L  H2SO4              1 mole H2SO4        0.250 moles NaOH

                                 1,000 mL NaOH

= 0.0490 L NaOH x ((((((( = 49.0 mL NaOH
 





     1 L NaOH

TITRATION

- a laboratory procedure that uses the reaction between two substances to determine

  the concentration of one substance.

- is based on the balanced chemical equation that represents the reaction.




aA


+

bB



VA (known volume)

VB (known volume)


MA (known molarity)

MB (unknown molarity)

                                          a

The MOLE RATIO: 
 (
must be known

                                          b

ACID – BASE TITRATION

Uses the neutralization reaction between an acid and a base to determine the concentration of the acid or the base in a solution.

Example:

Find the concentration of an aqueous solution of HC2H3O2(aq), acetic acid.




Available: 

- An aqueous solution of NaOH(aq) of known molarity (0.07776 M)

  (this solution is referred to as the TITRANT)

Procedure:
1. An exact volume of acetic acid, HC2H3O2(aq) (for example 20.00 mL) is




    measured into an Erlenmeyer flask. 




2. Phenolphtalein (indicator) is added.There is no color change (colorless)




3. NaOH(aq) is added drop-wise from a buret until the solution in the



            Erlenmeyer flask just turns faint pink (experimental end point).    

 


   The volume of the NaOH needed to reach the end point is accurately recorded.

                      buret reading                                                        

                       28.35 mL

     
                                                                         

                               buret reading                  

  NaOH(aq) 
      46.44 mL
          46.50 mL
                  0.07776 M










                                        












  

20.00 mL HC2H3O2(aq)

NaOH was added to the solution
Common error:

                 +



in the flask until a faint pink

The addition of several drops 

2-3 drops phenolphtalein

color was reached, marking the
of NaOH solution beyond the








experimental end point of the

end point gives a deep pink 







titration.





color







(NaOH is in very slight excess)
(NaOH is in great excess)

           

Volume of NaOH added = 46.44 mL – 28.35 ml = 18.09 mL (Buret is read in reverse)

Calculations:   

1 HC2H3O2(aq)

        +
1 NaOH(aq)     

NaC2H3O2(aq)

+
H2O(l)

   20.00 mL



           18.09 mL
  ??????   M



   
  0.07776 M
                     

  




              0.07776 moles

          0.01809 L x ((((((
                           




             1 L


1.407 x 10(3 moles NaOH 

1.555 x 10(3 moles NaOH  reacts exactly with 1.555 x 10(3 moles HC2H3O2 (1:1 Mole Ratio) 







moles of HC2H3O2          1.407 x 10(3 moles

Molarity of HC2H3O2 =  (((((((( = (((((((( = 0.07035 M



                                  L of HC2H3O2                 0.02000 L
1
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