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ChemActivity 32 

Molarity 
(How Concentrated Is It?) 

Water is the most common solvent, and we will focus on aqueous solutions. 
However, the terms applied herein also apply when other solvents are used. 

Solutes are categorized according to their ability to affect the electrical conductivity 
of the solution upon dissolution of the solute in water. 

•	 An aqueous solution of a strong electrolyte conducts electricity well. 

•	 An aqueous solution of a nonelectrolyte does not conduct electricity. 

•	 An aqueous solution of a weak electrolyte conducts electricity poorly. 

•	 Water from most common sources (tap water, rain water, water in lakes and 
rivers, etc.) always contains strong electrolytes and conducts electricity well. 

Model 1: Strong Electrolytes. 

Many ionic compounds are strong electrolytes. When an ionic compound dissolves 
in water the cations and anions are separated. In the solution, the cations and anions are 
surrounded by water molecules. Sodium sulfate and sodium chloride are both strong 
electrolytes. 

H20	 2 
Na2S04(S) ----.. 2 Na+(aq) + S04"(aq) 

H20
NaCl(s) ----.. Na+(aq) + Cl-(aq) 

The "(aq)" after the ion indicates that each ion of that type is surrounded by several water 
molecules. It has been discovered that it is the mobile, charged particles in the solution 
that carry the electric current. 
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Figure 1: Cations and anions in a solid crystal and in water. 

ions in a crystal 

ions in aqueous solution 

Critical Thinking Questions 

1.	 Which ionic compound, NaCI or Na2S04, does Figure 1 represent? Explain your 
reasoning clearly. 

2.	 a) What is the identity of the cation in Figure I?
 

b) What is the identity of the anion in Figure I?
 

3.	 Which atom(s) of the water molecule is closest to the cations in solution? Why? 

4.	 Which atom(s) ofthe water molecule is closest to the anions in solution? Why? 
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Information 

The concentration of a solute in an aqueo us solution can be expressed in marry 
ways-grams of solute per liter of solution; grams of solute per 1000 grams of water; 
moles of solute per 1000 grams of water; and so on. One of the most frequently used 
concentration units is molarity. 

moles of i
Molarity of solute i = M, volume of solution in Liters 

Model 2: The Molarity of an Electrolyte Dissolved in Water. 

250.0 mL mark 

/	 10.0 g Na
2
S04 

or 
water 

~ 7.04 x 10- 2moles Na S042

or 

14.1 x 10-2 moles Na+ 

and 
10.0 g Na2Sq 

7.04 x 10-2 moles SO;2 

Critical Thinking Questions 

5. When one mole ofNa2S04 is dissolved in water: 

a) how many moles of sodium ions are found in the solution? 

b) how many moles of sulfate ions are found in the solution? 

6.	 Verify that when 10.0 g of sodium sulfate dissolves in water:
 

a) there are 7.04 x 10-2 moles of sodium sulfate in the water.
 

b) there are 7.04 x 10-2 moles of sulfate in the water. 
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c) there are 14.1 x 10-2 moles of sodium in the water. 

7.	 a) What is the molarity of the sodium sulfate solution in Model2? 

b) What is the molarity of the sulfate ions in the solution in Model 2? 

c) What is the molarity of the sodium ions in the solution in Model2? 

8.	 Which is more concentrated with respect to sodium ions, 50.0 g of NaCl in 500.0 
mL of solution or 59.0 g of Na2S04 in 500.0 mL of solution? 

9.	 Which is more concentrated with respect to sodium ions, 0.50 M NaCl or 0.30 M 
Na2S04? 

10. Which CTQ was easier to answer, 8 or 9? Why? 
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Information 

Some molecules do not dissociate into ions when dissolved in water. Sugars 
(glucose, sucrose, dextrose , etc.) and alcohols are examples. These compounds do not 
dissociate into ions upon dissolution and they do not increase the conductivity of water. 
When glucose, C6H1206, dissolves in water, each glucose molecule is surrounded by 
water . 

H20
C6H1206(S) --.... C6H120 6(aq) 

Model 3: A Nonelectrolyte Dissolved in Water. 

500.0 mL mark 

5.26 g glucose 

water .. or 

2.92 x 10-2 mole glucose 

or 

1.76 x 1022 glucose molecules 
5.26 g glucose 

Critical Thinking Questions 

11. Verify that when 5.26 g of glucose, C6H1206, dissolves in water: 

a) there are 2.92 x 10-2 moles of glucose in the water. 

b) there are 1.76 x 1022 molecules of glucose in the water. 

12. What is the glucose molarity of the solution in Model 3? 
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Exercises 

1.	 Determine the aluminum ion concentration and the chloride ion concentration in 
0.125 M AICI3. 

2.	 Determine the chromium ion concentration and the sulfate ion concentration in a 
300 mL solution that contains 5.00 g of chromium(III) sulfate. 

3.	 Determine the mass of metal ions in each of the following: 500 mL of 0.752 M 
NaCI; 750 mL of 2.54 x 10- 5 M Pb(N03h; 10.5 L of 0.209 M Na3P04 . 

4.	 Indicate whether the following statement is true or false, and explain your 
reasoning: 

The number of solute particles present in 1.0 L of 0.50 M Na2S04 is the same as the 
number of solute particles present in 1.0 L of 0.50 M sucrose. 

5.	 A solution is prepared by dissolving 0.5482 grams of iron(III) nitrate in enough 
water to make 100.0 mL of solution. A 10.00-mL aliquot (portion) of this solution 
is then diluted to a final volume of 250.0 mL. What is the concentration of Fe3+ 
ions in the final solution? 

6.	 AgCI is essentially insoluble in water. If a solution containing Ag+ ions is mixed 

with a solution containing Cl- ions, the following reaction occurs: 

Ag+(aq) + CI-(aq) -- AgCI(s) 

producing a solid precipitate of AgCl. 

How many moles of solid AgCI can be produced when 25.0 mL of a 0.125 molar 
NaCl solution is mixed with 35.0 mL of a 0.100 molar AgN03 solution? 

7.	 J. N. Spencer, G. M. Bodner, and L. H. Rickard, Chemistry: Structure & Dynamics, 
Fourth Edition, John Wiley & Sons, 2009. Chapter 2: Problems: 49, 50, 53, 55, 56, 
77,83. 

Problems 

1.	 A large amount of an unknown metal, M, reacts with 4.60 grams of Ch to produce 
6.84 grams of a pure metal chloride. When the metal chloride is dissolved in a 
lOO .O-mL volumetric flask which is then filled up to the mark , the concentration of 
metal ions is found to be 0.43 moles/liter. What is the unknown metal, M? Explain 
your reasoning carefully. 

ChrisG
Cross-Out
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2.	 Which of the following solutions has the highest concentration of chloride ions?
 
a) 10.0 g ofNaCl dissolved in 50.0 mL of solution .
 
b) 15.0 g ofCaCh dissolved in 100.0 mL of solution.
 
c)	 20.0 g ofCrCl3 dissolved in 125.0 mL of solution. 

3.	 Carefully describe how you would make 500 mL of 0.150 M NazS04 given 1 kg of 
NaZS04, a distilled water supply, a balance, and a 500-mL volumetric flask. 

4.	 Suppose that 400 mL of 0.0700 M BaCtz is added to 800 mL of 0.0300 M BaCtz. 
Assume that the volumes are additive and calculate the chloride ion concentration 
in the final solution. 


