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CONVERSION OF CONCENTRATION UNITS

Sample Problems

1.
Molarity               % by mass

The molarity of a particular brand of  vinegar (solution of acetic acid, HC2H3O2,  in water) is 0.8527 M. The density of vinegar is 1.0052 g/mL.

Calculate the mass percent of  HC2H3O2 in vinegar.

    g HC2H3O2                 0.8527 moles HC2H3O2    60.06 g HC2H3O2       1 L vinegar        1 mL vinegar

?  (((( x 100 = (((((((((  x  ((((((( x (((((   x  (((((( 

             g vinegar                      1 L vinegar               1 mole HC2H3O2    1000 mL vinegar  1.0052g vinegar

   = 5.9749 %

2.
% by mass                Molarity 


A sugar syrup solution contains 15.0 % sugar, C12H22O11 , by mass and has a density


of 1.06 g/mL.


What is the molarity of this solution ?

           moles C12H22O11             15.0 g C12H22O11        1 mole C12H22O11       1.06 g syrup      1000 mL syrup


?  (((((( =     ((((((( x  (((((((  x ((((((  x  (((((
                L syrup                    100. g syrup          342.3 g C12H22O11       1 mL syrup           1 L syrup





  =   0.465 M

3.
Molality problem


What is the molality of a solution containing 5.67 g of glucose (C6H12O6) dissolved


in 25.2 g of water ?

                                            moles solute       moles C6H12O6 


Recall:
Molality = (((((( =  ((((((
                                            kg solvent              kg water          

                                                               1 mole C6H12O6 

? moles C6H12O6  = 5.67 g C6H12O6  x  (((((((  = 0.0315 mol C6H12O6
                                                                180.2 g C6H12O6 

                                      1 kg

? kg water = 25.2 g x ((( =  0.0252 kg water       

                                      1000 g

                   0.0315 mol C6H12O6
Molality = (((((((((  = 1.25 molal = 1.25 m

                       0.0252 kg water

4.
Molality                   Molarity


An aqueous solution of oxalic acid is 0.585 molal H2C2O4. The density of the solution


is 1.022 g/mL. What is the molarity of the solution ?


NOTE:
There are 0.585 moles of H2C2O4  for every 1.00 kg of water.




For Molarity, we need to know the mass of SOLUTION




Mass of Solution = Mass of water + Mass of H2C2O4

                                     ?                          1.000 kg             ? kg (0.585 moles)

                                                         90.04 g H2C2O4    1 kg H2C2O4

? kg H2C2O4  = 0.585 moles x ((((((x (((((( = 0.05267 kg H2C2O4
                                                         1 mole H2C2O4    1000 g H2C2O4


Mass of Solution = 1.0000 kg of water + 0.05267 kg of H2C2O4  = 1.05267 kg solution

 moles H2C2O4      0.585 moles H2C2O4     1 kg solution  1.022 g solution    1000 mL solution

? (((((  =  ((((((((  x  (((((x ((((((   x (((((((
     L solution        1.05267 kg solution    1000 g solution    1 mL solution            1 L solution







= 
0.568 M

5.
Molarity                 Molality


A particular brand of vinegar is 0.763 M acetic acid (HC2H3O2). The density of this


vinegar is 1.004 g/mL. What is the molality of this solution of acetic acid ?

 
     moles HC2H3O2 

?   ((((((   =

        kg water

NOTE:
Need to find the mass of water in 1 L of solution.

1 L solution
                            1.004 kg solution

Mass of water = Mass of solution – Mass of HC2H3O2
  ? kg
       =    1.004 kg            (   ? kg HC2H3O2 (0.763 moles)

                                            60.05 g      1 kg

? kg HC2H3O2 = 0.763 moles  x ((( x (((   =   0.04582 kg HC2H3O2 

                                           1 mole       1000 g

? kg water = 1.004 kg solution ( 0.04582 kg HC2H3O2  = 0.9582 kg water 


     moles HC2H3O2    0.763 moles HC2H3O2
?   ((((((   = ((((((((( = 0.796 m (molal)

        kg water              0.9582 kg water 

6.
Mole Fraction problem


An automobile antifreeze solution contains 2.25 kg of ethylene glycol


(CH2OH( CH2OH) and 2.00 kg of water.


A)
Find the mole fraction of ethylene glycol in this solution.

                                                                        1 mole ethylene glycol



? moles ethylene glycol = 2250 g x ((((((((( = 36.25 moles 

                                                                         62.07 g ethylene glycol



                                          1 mol water

? moles water = 2,000 g x ((((( = 110.98 moles 

                                                             18.02 g

Total no. of moles in solution = 36.25 moles + 110.98 moles = 147.2 moles solution

                                                         36.25 moles ethylene glycol

Mole Fraction of ethylene glycol = ((((((((((( = 0.246   

                                                         147.2 moles solution

B)
Find the Mole Fraction of water in this solution.


                                    

  110.98 moles water

Mole Fraction of water = (((((((((  =  0.754   

                                          

  147.2 moles solution

NOTE: Mole Fraction of ethylene glycol + Mole Fraction of Water = 1.000



            0.246                             +              0.754                 = 1.000

GENERAL:

In a solution containing several components :

Mole Fraction



Mole Fraction


 Mole Fraction


of


+


of


+
         of


+
….
= 1

Component 1



Component 2


Component 3








OR


SUM OF ALL MOLE FRACTIONS OF ALL COMPONENTS = 1


7.
Mole Fraction                   Molality


Concentrated hydrochloric acid has a mole fraction of 0.232 HCl dissolved


in water.


What is the molal concentration (molality) of HCl ?


Mole Fraction of Water = 1.000 – 0.232 = 0.768


                                                         18.02 g              1 kg 

? kg water = 0.768 moles water x ((((( x   ((( = 1.384 x 10(2 kg

                                                               1 mole water      1000 g

             0.232 moles HCl


? ((((((((   =  16.7 m (molal)

           1.384 x 10(2 kg water

8.
Molality               Mole Fraction


A bleaching solution contains sodium hypochlorite (NaClO) dissolved in


in water. The solution is 0.650 m (molal) NaClO.


What is the Mole Fraction of NaClO ?


For every 0.650 moles of NaClO, there is 1.000 kg of water.

                                                                  1 mol


? moles of water = 1.000 x 103 g x ((( = 55.49 moles water 

                                                                 18.02 g


Total Nr. of moles of solution = 0.650 moles NaClO + 55.49 moles H2O = 56.14 moles 


                                              0.650 moles NaClO

Mole Fraction of NaClO = (((((((((  = 0.0116 m (molal)


                                     56.14 moles solution  
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