Volumetric Calculations

The amount of a substance (in moles) is calculated by one of the following relations:

Moles = mass (g) /molar mass (g/mol) 

(for solids)

Millimoles = mass (g) /millimolar mass (g/mmol) 

(for solids)

Moles = molarity (mol/L) X volume (L)

(for solutions)

Millimoles = molarity (mmol/mL) X volume (mL)
(for solutions)

Calculating the Molarity of Standard Solutions 
Example 1

Describe the preparation of 2.000 L of 0.0500 M AgNO3 (169.87 g/mol) from the primary-standard-grade solid.

Mol AgNO3 = M X V(L) = 0.0500 mol/L X 2.000 L = 0.1000 mol

Mass AgNO3 = mol AgNO3 X molar mass

          =  0.1000 mol X 169.87 g/mol

          = 16.98 g AgNO3
Dissolve 16.98 g of AgNO3 in water and dilute to exactly 2.000 L.

Example 2

A standard 0.0100 M solution of Na+ is required to calibrate a flame photometric method to determine the element. Describe how 500 mL of this solution can be prepared from primary standard Na2CO3 (105.99 g/mol).

Mol Na+ = M X V(L) = 0.0100 mol/L X 0.5 L = 5 X 10-3 mol

Mol Na2CO3 = mol Na+/ 2 = 5 X 10-3/ 2 = 2.5 x 10-3 mol

Mass Na2CO3 = mol Na2CO3 X Mm = 2.5 x 10-3 mol X 105.99 g/mol



= 0.265 g

Dissolve 0.265 g of Na2CO3 in water and dilute to 500 mL.

Example 3

How would you prepare 50.0 mL portions of standard solutions that are 0.00500 M, 0.00200 M, and 0.00100 M in Na+ from the solution in Example 2.

Here we need to make a dilution from the original solution (0.0100 M)

In dilution we use the formula:

Mconc X Vconc = Mdil X Vdil
For the 0.00500 M solution, this equation rearranges to

Vconc = Mdil X Vdil / Mconc
          = 0.00500 X 50.0 / 0.0100

          = 25.0 mL

Therefore, 25.0 mL of the concentrated solution should be diluted to exactly 50.0 mL.
For the other two molarities, 10.0 and 5.00 mL of the concentrated solution are diluted to 50.0 mL, by the same way.

Treating Titration Data 
Calculating Molarities from Standardization Data:

Example 4

A 50.00 mL portion of an HCI solution required 29.71 mL of 0.01963 M Ba(OH)2 to reach an end point with bromocresol green indicator. Calculate the molarity of the HCl.

Ba(OH)2 + 2HCl → BaCl2 + 2H2O

mmol Ba(OH)2  = M X V(L) = 0.01963 mmol/mL X 29.71 mL

        mmol HCl = mmol Ba(OH)2 X 2

molarity of HCl = mmol HCl/mL HCl = 0.01963 X 29.71 X 2 / 50.00mL



  = 0.02333 M

Example 5

Titration of 0.2121 g of pure Na2C2O4 (134.00 g/mol) required 43.31 mL of KMnO4. What is the molarity of the KMnO4 solution. The chemical reaction is: 
2MnO4-  + 5C2O42- + 16H+ → 2Mn3+ + 10CO2 + 8H2O
Mol Na2C2O4 = 0.2121g/ 134g/mol 

Mol KMnO4 = mol Na2C2O4 X 2/5

Molarity of KMnO4 = mol KMnO​4/ VL = 0.2121g/134g/mol X 2/5 /34.31X10-3L



         = 0.01462 M

Calculating the Quantity of Analyte from Titration Data:

Example 6

A 0.8040-g sample of an iron ore is dissolved in acid. The iron is then reduced to Fe2+ and titrated with 47.22 mL of 0.02242 M KMnO4 solution. Calculate the results of this analysis in terms of (a) % Fe (55.847 g/mol) and (b) % Fe3O4 (231.54 g/mol). The reaction is described by the equation:
MnO4-  + 5Fe2+ + 8H+ → Mn2+ + 5Fe3+ + 4H2O

(a)  mol KMnO4 = 0.02242 mol/L X 47.22X10-3L

           Mol Fe2+ =  mol KMnO4 X 5

      Mass Fe2+ = mol Fe2+ X Mm = 0.02242 mol/L X 47.22X10-3L X 5 X 55.847g/mol

      %Fe2+ = (0.02242 X 47.22X10-3 X 5 X 55.847)/0.8040 X100%


     = 36.77%

(b) The ratio between Fe2+ :  Fe3O4 is 3 : 1, therefore


Mol Fe3O4 = mol Fe2+ X 1/3


Mass Fe3O4 = mol Fe3O4 X Mm


% Fe3O4 = (0.02242 X 47.22X10-3 X 5/3 X 231.54)/0.8040 X 100%



   = 50.81%

