
 Physical Science 
Grade 10 

 
www.learnxtra.co.za 
 

Brought to you by  Page 1  
 

SESSION 11: CHEMISTRY IN SOLUTIONS 
 

KEY CONCEPTS: 
 

 ions in aqueous solutions 

 electrical conductivity 

 chemical reactions in aqueous solutions 
 
TERMINOLOGY 
 
Dissolution the process in which a solid dissolves in a liquid to form a solution (dissolving) 

Hydration the process when water molecules surround ions or molecules in solution 

Solute the substance, usually a solid, that dissolves to form a solution 

Solvent the substance, usually a liquid, that dissolves the solute to form a solution  

Solution the result when a solute is dissolved in a solvent 

Waters of crystallisation are water molecules trapped in between the ions of a salt crystal. 

Soluble a substance that dissolves when added to a solvent  

Insoluble a substance that does not dissolve when added to a solvent 

Solubility a measure of easily a substance dissolves in a solvent 

Concentration a measure of the amount of solute dissolved in a solution 

Cation a positively charge ion, formed when metal atoms lose electrons 

Anion a negatively charged ion, formed when non-metal atoms gain electrons 

Dissociation the process in which ions present in an ionic solid move apart in a solvent 

Ionisation the process in which molecules form ions in solution 

Electrolyte a substance that contains free ions and behaves as an electrically conductive 
medium. 

Precipitate the solid that forms in a solution during a chemical reaction. 

Conductivity a measure of a solution’s ability to conduct an electric current. 
Electrolyte a substance that contains free ions and is therefore able to conduct 
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X-PLANATION 
Most solutions that we study are formed when a solid dissolves in water. These solutions are 
called aqueous solutions. They form because of the structure of the water molecule.Water is 
a polar molecule. It has polar bonds between the hydrogen and oxygen and the molecule is 
asymmetrical. The one end is slightly negative (O – end), the other is slightly positive. Water 
molecules attract each other with strong hydrogen bonds. 
 
Water is a very good solvent and dissolves other polar substances and ionic substances. 
Ionic substances are polar as they are made up of oppositely charged ions. The ions are 
attracted by strong electrostatic forces in the crystal lattice. These forces hold the ions 
together in the crystal. When an ionic substance is placed in water and the intermolecular 
forces are similar, the ions dissociate in the water – they move away from each other. This 
solution contains the ions surrounded by water molecules. We say the ions are hydrated. 
Since the solution contains ions the solution can conduct and is called an electrolyte.  
 
The two equations below are examples of dissociation reactions: 

)(SO  (aq) Cu    (s) CuSO

)(Cl   (aq) Na   (s) NaCl
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aq

aq









 

When covalently bonded molecules dissolve in water, they may form ions. This process is 
called ionisation. These solutions are also electrolytes. Gases can dissolve to form solutions 
too.  Acid rain is an example of a solution formed when gases dissolve in water.  
 
The chemical equations below represent ionisation reactions: 
 
HCl (g)  +   H2O (l)    H3O

+ (aq)   +  Cl-(aq) 
H2SO4(l)  + 2H2O (l)    2H3O

+ (aq)   +  SO4 
2-(aq) 

 
However, not all solutions formed from covalent molecules are conductors of electricity. For 
example when sugar dissolves in water it does not conduct electricity. The molecules do not 
ionise. 
  

PHASE SYMBOLS 

Chemical equations are more meaningful if symbols are included that indicates the phase of 
each of the substances. 

State symbols: 

SYBOL MEANING 

ℓ Liquid 

G Gas 

Aq Aqueous solution (dissolved in water / in solution) 

S Solid  
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SOLUBILITY RULES 
Not all solutes dissolve to form solutions. Based on experimental observations chemists have 
drawn up a list of solubility rules for common salts when dissolved in water 
 

1. All nitrates (NO3
-) and acetates are soluble. 

2. All salts of the alkali metals and ammonia are soluble. 
3. All chloride (Cl-), bromide (Br-) and iodide (I-) salts are soluble, except those of 

silver (Ag), lead (Pb) and mercury (I) (Hg): 
AgCl white   PbCl2  white 

AgBr cream   PbBr2  light yellow 

AgI           light yellow  PbI2  yellow 

4. All sulphates are soluble, except those of barium (Ba), calcium (Ca), lead (Pb), and 
silver (Ag). 
BaSO4 white 

CaSO4 white 

5. Most carbonates are almost insoluble, except those of the alkali metals (group 1 
elements) and ammonia (NH3). 

6. Most hydroxides are insoluble, except those of the alkali metals (group 1 elements), 
ammonia (NH3) and barium (Ba). 

 

CHEMICAL REACTIONS IN AQUEOUS SOLUTIONS 
 

1. Precipitation reactions 
2. Gas evolving reactions 
3. Redox reactions 

 
1. PRECIPITATION REACTION 

 

Soluble and insoluble salts consist of ions. A precipitate sometimes forms when a salt is 
dissolved in water. The precipitate is the solid that accumulates at the bottom of the container. 
A precipitate forms when a combination of ions forms an insoluble salt. 

We use the solubility rules to test for the presence of specific ions in a solution. 

TEST FOR HALIDES 

A halide is a salt of a metal and a halogen (group 7 element). 

When we mix solutions of sodium chloride and silver nitrate, a white precipitate forms. 

    33 NaNO   AgCl  AgNO    NaCl   

Ionic equation: 

    -

3

--

3

- NO   Na    Cl    Ag    NO    Ag    Cl    Na    

NaNO3 are soluble in water and the Na+ and the NO3
- are spectator ions. 

We can use (s) or   to indicate that a solid is formed. 

Silver carbonate and silver chloride is a white precipitate. To 



 Physical Science 
Grade 10 

 
www.learnxtra.co.za 
 

Brought to you by  Page 4  
 

distinguish between the two precipitates, a small amount of concentrated nitric acid is added. 
The carbonate disappears because it reacts with the acid. Silver chloride does not react. 

When silver nitrate is added to a bromide solution a cream precipitate forms. 

     33 NaNO  AgBr   AgNO  NaBr    

When silver nitrate is added to an iodide solution a yellow precipitate forms. 

     33 NaNO   AgI  AgNO    NaI   

TEST FOR SULPHATES 
Barium chloride is used to test for the presence of sulphates (SO4

-). Barium sulphate is a 
white precipitate. 

     2442 CuCl    BaSO    CuSO    BaCl   

The ionic equation: 

  )(
-

)(
2

(s)4)(

-2

4)(
2

)(
-2

)( Cl 2   Cu    BaSO    SO    Cu    Cl 2   Ba aqaqaqaqaqaq    

TEST FOR CARBONATES 
Add barium nitrate or barium chloride to solution. If a white precipitate forms it could be 
barium sulphate or barium carbonate. To distinguish between the two precipitates, a small 
amount of concentrated hydrochloric acid is added. The carbonate reacts with the acid and 
produces bubbles of gas. The precipitate disappears. Barium sulphate does not react. 
      
 

 

2. Gas evolving reactions 
When a solute is added to an acidic solution, bubbles of gas may form. If the solute is a 
metal, the gas released is hydrogen. If the solute is a salt of a carbonate or bicarbonate, the 
gas released is carbon dioxide. If a solution containing carbonate ions and an acid are mixed 
you will also see bubbles of carbon dioxide released. We call the release of gas bubbles in a 
solution, effervescence. 
 
TEST FOR CARBON DIOXIDE 
The gas produced when adding an acid to a carbonate is carbon dioxide. To confirm this, the 
gas is bubbled through clear limewater (Ca(OH)2), a milky suspension of the insoluble 
calcium carbonate (CaCO3) forms. 

     OH    CaCO    Ca(OH)    CO 2322   

Ionic equation: 

     (l)2(s) 3

-

(aq)

2

)((g) 2 OH   CaCO    2OH    Ca    Na  

aq  

TEST FOR HYDROGEN
 

When the gas is ignited with a burning splint you hear a popping sound.  
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3. Redox reactions 
When a reactive metal is added to a solution of a less reactive metal, there is an exchange of 
electrons. The reactive metal atoms lose electrons to form ions and the less reactive metal 
ions in the solution gain electrons to form metal atoms. When there is an exchange of 
electrons we call this a redox reaction.  
 
There are some examples when gases are bubbled through solutions or when two solutions 
are mixed in which redox reactions occur.   

 
 
 
 
X-AMPLE QUESTIONS: 
 
Question 1: 
 
For each of the following, give a balanced chemical equation for the process when they are 
dissolved in water. 
a. sodium chloride  
b. carbon dioxide 
c. ethanol (C2H6O) 
d. lead (II) carbonate 
 
Question 2 
Hydrogen chloride gas dissolves in water.  
a. Name the process            
b. Write an ionic equation of the reaction, show all states      
c.  Why can we say that dissociation did not take place?      

 
Question 3 
During an investigation distilled water is used as a solvent for a number of solutes to 
determine the relationship between the conductivity and nature of the dissolved substance. A 
learner dissolved the same mass of sugar, table salt, hydrochloric acid and alcohol using 
water as the solvent to make up 100 mℓ solutions.  A circuit was set up as shown below to 
determine the conductivity of each solution.  
 
 
 
 
 
 
 
 
 
 
a. Give three constant variables in the investigation, state 
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how each of these can affect the investigation.      
                  

b. What is the independent variable?        
c. What is the dependant variable?         
d Write an investigative question for the investigation      
e. Explain why it is important to use distilled water in the investigation 
f. Which solution does not conduct electricity? 
g. Predict in which solution the light bulb will shine brightest 
h. When a container of distilled water is opened and left for a while, it cannot be used as 

distilled water any more. Explain.        
 
 
 
 
 
Question 4: 
 

The following salt solutions are mixed together. Give the formula for the ions present in each 
solution before they are mixed and then write the ionic equation for each when mixed. Clearly 
indicate the precipitate if formed. 
 
a. NaI and AgNO3            
b. MgSO4 and BaCℓ2            
c. Na2CO3 and BaCℓ2  
d. Pb(NO3)2 and K2SO4          
   
 
Question 5:  
 

Peter suspects that a sample of water may contain either chloride ions or sulphate ions.   
 

a. List the chemicals and equipment that would be needed to test for the presence of 
 chloride ions               

b. List the chemicals and equipment that would be needed to test for the presence of 
 chloride ions     

c. Write the method that Peter should follow to test for the presence of sulphate ions. 
Include possible equations  

d.  Write the method that Peter should follow to test for the presence of sulphate ions. 
Include possible equations   
      

Peter observes that no precipitate forms when he adds silver nitrate to the solution. However, 
a white precipitate forms when he adds barium nitrate.     
         
e. What can you deduce from these observations? 
 
Candice suggests that the precipitate may be barium carbonate. 
 
f. What can you do to show her that this is not true? 
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Question 6 
 
Three test tubes (X, Y and Z) each contain a solution of  unknown potassium 
salts. The following observations were made during a practical investigation 
to identify the solutions in the test tubes: 
 
1:  A white precipitate formed when silver nitrate (AgNO3) was added to 

test tube Z. 
 

2:  A white precipitate formed in test tubes X and Y when barium chloride 
(BaCl2) was added. 
 

3:  The precipitate in test tube X dissolved in hydrochloric acid (HCl) and a 
gas was released. 
 

4:  The precipitate in test tube Y was insoluble in hydrochloric acid. 
 
Use the above information to identify the solutions in each of the test tubes X, Y and 
Z. 
 
X-ercise 
 
Complete the following table 

SUBSTANCE FORMULA 
PARTICLES 
FORMED IN 
SOLUTION 

VERY 
SOLUBLE, 
SLIGHTLY 

SOLUBLE OR 
INSOLUBLE 

GOOD 
CONDUCTOR, 

POOR 
CONDUCTOR, 

NON 
CONDUCTING 

Sodium 
hydroxide 

    

sodium 
carbonate 

    

silver chloride     

calcium nitrate     

barium sulphate     

glucose     

copper(ii) 
sulphate 

    

ethanol     

carbonic acid     

acetic acid     

hydrochloric 
acid 
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Which of the following salts are soluble in water? If soluble, show the ions formed. 
2.1 Lead chloride 
2.2 Lead nitrate 
2.3 Silver iodide 
2.4 Barium carbonate 
2.5 Barium chloride 
2.6 Calcium hydroxide 
2.7 Sodium carbonate 
2.8 Calcium sulphate 
2.9 Zinc nitrate 
2.10 Barium hydroxide 
2.11 Aluminium hydroxide 
2.12 Ammonium hydroxide 
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Solution 
 

SUBSTANCE FORMULA 
PARTICLES 
FORMED IN 
SOLUTION 

VERY 
SOLUBLE, 
SLIGHTLY 

SOLUBLE OR 
INSOLUBLE 

GOOD 
CONDUCTOR, 

POOR 
CONDUCTOR, 

NON 
CONDUCTING 

     

Sodium 
hydroxide 

NaOH Ions Very soluble Good conductor 

sodium 
carbonate 

Na2CO3 Ions Very soluble Good conductor 

silver chloride AgCℓ Ions Insoluble Non conducting 

calcium nitrate Ca(NO3)2 Ions Very soluble Good conductor 

barium sulphate BaSO4 Ions Insoluble Non conducting 

glucose C6H12O6 Molecules Very soluble Non conducting 

copper(ii) 
sulphate 

CuSO4 Ions Very soluble Good conductor 

ethanol CH3CH2OH Molecules Very soluble Non conducting 

carbonic acid H2CO3 Molecules Slightly soluble 
(weak) 

Poor conductor 

acetic acid CH3COOH Molecules Slightly soluble 
(weak) 

Poor conductor 

hydrochloric 
acid 

HCℓ Molecules Very soluble Good conductor 

 
 
Question 2:   
 
2.1 Insoluble 

2.2 Pb2+ + NO3
-  

2.3 Insoluble  

2.4 Insoluble  

2.5 Ba2+  + Cℓ-  

2.6 Insoluble  

2.7 Na+  + CO3
2-  

2.8 Insoluble  

2.9 Zn2+  +  NO3
-  

2.10 Ba2+  +  OH-  

2.11 Insoluble  

2.12 NH4
+ +  OH-    


