
SCH3U: Solutions and Solubility 

4.2:  Concentration 
 
Units of Concentration (v/v, w/v, w/w and ppm)
 
These units of concentration are most often seen and used with commercial 
products.  Except for 'ppm' they are not used often in the lab.  
  
Percent Concentration Volume/Volume (v/v):  used with 2 liquids. 
      % Concentration = Vsolute      X  100%  
                                       Vsolution  

    eg.   5 mL of vinegar are dissolved in 100 mL of vinegar solution.  What is its 
v/v concentration.  

        % concentration =    5 mL of vinegar    X 100%  = 5%  
                                        100 mL of solution 
  
Example #1   A photographic stop bath contains 140 mL of pure acetic acid in a 
500 mL bottle of solution.  What is the v/v concentration?  
  
        % concentration = 140 mL of vinegar  X 100% = 28%  
                                        500 mL of solution  
  
 
Percent Concentration Weight/Volume (w/v): used with one solid and one 
liquid 
This means there is a certain mass, in grams, in every 100 mL of solution.  
  
eg.   a 3% H2O2 topical antibiotic solution means that there is 3 grams of H2O2 in 
every 100 mL of solution.  
  
 
Percent Concentration Weight/Weight (w/w): used with two solids 
Useful when dealing with alloys of precious metals.  
  
eg.  A ring with a mass of 12.0 grams contains 11.1 grams of pure silver.  What is 
the w/w%?  

    % concentration =   11.1 grams of solute      X  100% = 92.5% w/w of silver  
                                    12.0  grams of solution 
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Parts per Million Concentration (ppm) 
Environmental solution are often very low in concentration.  We often use terms 
like:  
1 part per million (ppm): 1 part out of 1 X 106 parts  
1 part per billion (ppb): 1 part out of 1 X 109 parts  
1 part per trillion (ppt): 1 part out of 1 X 1012 parts  

1 ppm = 1 drop in a full bathtub  
1 ppb = 1 drop in a full swimming pool  
1 ppt = 1 drop in 1000 full swimming pools  
  
We express ppm concentration in a variety of units depending on what we need 
to use.  But they are all interrelated.  
  
ppm =   1 g        =       1 g      =        1 mg       =    1 mg     =   1 microgram  
            106 mL        1000 L             1 L               1 kg                    1 g  
  
Example: Dissolved O2 in water shows a concentration of 250 mL of water At 
SATP and 2.2 mg of O2.  What is the concentration in ppm? 
ppm concentration = 1 mg   =   2.2 mg   =  8.8 mg/L = 8.8 ppm  
                                   1 L          0.25 L 
 
Molar Concentration 
 
Molar Concentrations and Molarity   
Molarity is a way of specifying the amount of solute in one litre of solvent.   
Molarity is also known as the concentration of a solution.  The concentration of 
a solution is the ratio of solute to a given quantity of solvent. We can use 
whatever units we wish but the most commonly used units are moles of solute 
per litre of solution.  The special name for this ratio is the molar concentration 
or molarity which is abbreviated 'M'.  

       M =    mol solute    =        mol solute  
                     L soln             1000 mL soln  
  
Suppose we had a bottle with the label "0.5 M KBr".  This means that it contains 
a solution of potassium bromide with a concentration of 0.10 mol of potassium 
bromide per litre of solution (or per 1000 mL of solution).    It does not tell us the 
amount of solution in the bottle.  
  
Solutions are considered to be homogenous substances once the solute has 
completely dissolved.  
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Sample Problem 
A student requires 0.250 moles of NaCl for an experiment.  The only thing 
available to them is a bottle with a solution labeled "0.400 M NaCl."  What 
volume of the solution should be used?  Give the answer in millilitres.  
  
Solution: 
Use the information on the bottle.  There is 0.400 moles of solute per litre.  We 
need 0.250 moles.  

                0.400 moles = 0.400 moles = 0.250 moles  
                         1 L             1000 mL              x  

                   x = 625 mL.  Thus 625 mL of 0.400 M NaCl contains 0.250 mol of 
NaCl.  
  
 
 
 
 
 
 
 
 
Practice Problem: 
A glucose solution with a molar concentration of 0.200 M is available.  What 
volume of this solution must be measured to obtain 0.001 mol of glucose?  
   
   
   
   
   
    
Preparation of Solutions 
Another very common problem involving molar concentration is the calculation of 
the number of grams of solute needed to make a given volume of solution having 
a specific molarity.  The best way to see this is by example:  
  
Problem:  How can 500 mL of 0.150 M Na2CO3 solution be prepared?  
  
Solution: This is stated in a way that normally arises in the lab?  What we really 
want to know is how many grams of Na2CO3 that are going to be in 500 mL of 
0.150 M Na2CO3 solution.  
Although the label reads in M, the balance reads in grams.  Before we can 
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calculate the number of grams we need to know the number of moles.  

                   0.150 M  =  0.150 mol  = 0.150 mol  =         x  
                                              L            1000 mL        500 mL  

          x = 0.075 mol of solute.  Therefore we need to weigh out 0.075 mol of 
Na2CO3.  

 The number of grams of Na2CO3 are therefore:  

                                           g = n * mm  
                                              = 0.075 mol * 105.99 g/mol  
                                              =  7.95 grams  
  
To answer the question:   Weigh out 7.95 grams of sodium carbonate.  Add it to 
100 mL of water in a 500 mL volumetric flask.    Swirl to dissolve.  Top the flask 
up with 400 mL more water up to the 500 mL meniscus mark.  
  
Practice problem:  How can we prepare 250 mL of 0.200 M NaHCO3? 
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Worksheet 4.2: Concentration  
 
1.     Rubbing alcohol, C3H7OH(l) is sold as a 70.0% solution for external use 

only.  What volume of pure C3H7OH(l) is present in a 500 mL bottle? 

2.  Suppose your company makes hydrogen peroxide solution with a generic 
label for drugstores in your area.  What mass of pure hydrogen peroxide is 
needed to make 1000 bottles each containing 250 mL of 3.0% H2O2(aq) 

3.  The maximum acceptable concentration of fluoride ions in municipal water 
supplies is 1.5 ppm.  What is the maximum mass of fluoride ions you would 
get from a 0.250 L glass of water? 

4. What concentration ratio is often found on the labels of consumer 
products?  Why do you think this unit is used instead of moles per litre? 

5. The maximum concentration of salt in water at 0°C is 31.6 g/100 mL.  What 
mass of salt can be dissolved in 250 mL of solution? 
 

6. To prepare for an experiment using flame tests, a student requires 100 mL of 
0.10 mol/L solutions of each of the following substances.  Calculate the 
required mass of each solid. 

a) NaCl 
b) KCl 
c) CaCl2 

 
7. What volume of 0.055 mol/L glucose solution found in a plant contains 2.0 

grams of glucose,  C6H12O6(aq)? 
 

8. In a quantitative analysis for sulfate ions in a water treatment plant, a 
technician needs 100 mL of 0.125 mol/L barium nitrate solution.  What mass 
of pure barium nitrate is required? 
 

9. Calculate the molar concentration of the following: 
a) 0.35 mole of copper(II) nitrate is dissolved in water to make 50 mL of 

solution 
b) 10.0 grams of sodium hydroxide is dissolved in water to make 2.00 L 

of solution. 
c) A sample of tap water contains 16 ppm of magnesium ions. 

 
10. Calculate the number of grams of each solute that has to be taken to make 

each of the following solutions. 
a) 250 mL of 0.100 M NaCl 
b) 100 mL of 0.440 M C6H12O6 (glucose) 
c) 500 mL of 0.500 M H2O2 

 


