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 4.2  -  Precipitation Reactions 
 

Question 1 

Give the formulas to show the reactants and the products for each of the following chemical 
reactions. Each of the reactions occurs in aqueous solution unless otherwise indicated. 
Represent substances in solution as ions if the substance is extensively ionized. Omit formulas 
for any ions or molecules that are unchanged by the reaction. In all cases a reaction occurs. 
You need not balance.  

a) A solution of copper(II) sulfate is added to a solution of barium hydroxide.    [1991 
exam] 

 

b) Solutions of strontium nitrate and sodium sulphate are mixed. [2001 exam] 

 

c) A solution of copper(II) chloride is added to a solution of  sodium sulphide  [2000 exam] 

 

d) Solutions of sodium iodide and lead nitrate are mixed [1990 exam] 

 

e) Solutions of tri-potassium phosphate and zinc nitrate are mixed. [1993 exam] 

 

f) Solutions of silver nitrate and lithium bromide are mixed. [1989 exam] 
 
 

Answers to Question 1 
a)  Cu2+  +  OH-    Cu(OH)2 

b)  Sr2+  +  SO4
2-    SrSO4 

c)  Cu2+  +  S2-    CuS 
d)  Pb2+  + I-    PbI2 

e)  Zn2+  +  PO4
3-    Zn3(PO4)2 

f) Ag+  +  Br-   AgBr 
 
 

Question 2 [AP, 1984] 
 
The net ionic equation for the reaction between silver carbonate and hydrochloric acid is: 
  
(A) Ag2CO3(s) + 2 H+ + 2 Cl¯ ---> 2 AgCl(s) + H2O + CO(g)  
(B) 2 Ag+ + CO3

2¯ + 2 H+ + 2 Cl¯ ---> 2 AgCl(s) + H2O + CO2(g)  
(C) CO3

2¯ + 2 H+ ---> H2O + CO2(g)  
(D) Ag+ + Cl¯ ---> AgCl(s)  
(E) Ag2CO3(s) + 2 H+ ---> 2Ag+ + H2CO3 
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 16.2  -  Strong and Weak Acids and Bases 
 

 

Strong and Weak Acids 
 
A small percentage of all acids are considered to be strong acids, acids that are completely 
ionized in aqueous solution.  
 
All of the remaining common acids are weak acids, meaning that, when they are dissolved in 
water, only a small percentage of the molecules dissociate into ions. 
 
Strong acids are strong electrolytes; weak acids are weak electrolytes.  
 
 
LEARN the “Big Six” Strong Acids 
 

HClO4 (perchloric acid) 
HNO3 (nitric acid) 

HCl, HBr, HI  (hydrochloric, hydrobromic, and hydroiodic acids) 
H2SO4  (sulphuric acid) 

 
As far as the AP Chemistry course is concerned, these six are the only strong acids that you are 
required to know. Since they completely ionize, they should always be written in ionic form in 
an equation (either as reactants or as products). 
 
It is safe to assume that any other acid that you come across in this course will be a weak (or 
‘moderate’) acid and it should, therefore, be written in molecular, rather than ionic, form. Two 
common examples of moderate acids that you should know are: 

H3PO4 (phosphoric acid) 
(COOH)2  (oxalic acid) 
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By definition, the strong acids are 100% ionized in aqueous solution and should, therefore, 
always be written in ionic, rather than molecular, form. In other words, strong acids should be 
written as represented on the right hand side of the following equations: 
 
(perchloric acid) HClO4(aq)  +  H2O(l)  --->  H3O+(aq)  +  ClO4

-(aq) 
(nitric acid)  HNO3(aq)  +  H2O(l)  --->  H3O+(aq)  +  NO3

-(aq)  
(hydrochloric acid) HCl(aq)  +  H2O(l)  --->  H3O+(aq)  +  Cl-(aq) 
(hydrobromic acid) HBr(aq)  +  H2O(l)  --->  H3O+(aq)  +  Br-(aq) 
(hydroiodic acid) HI(aq)  +  H2O(l)  --->  H3O+(aq)  +  I-(aq) 
(sulphuric acid) H2SO4(aq)  +  2 H2O(l)  --->  2 H3O+(aq)  +  SO4

2-(aq) 
 
 
By definition, the weak acids are only slightly ionized in aqueous solution and should, therefore, 
always be written in molecular, rather than ionic, form. In other words, they should be written as 
represented on the left hand side of the following equations (note the double arrows!): 
 
(hydrofluoric acid) HF(aq)  +  H2O(l)  <-->  H3O+(aq)  +  F-(aq) 
(carbonic acid) H2CO3(aq)  +  2 H2O(l)  <-->  2 H3O+(aq)  +  CO3

2-(aq) 
(phosphoric acid) H3PO4(aq)  +  3 H2O(l)  <-->  3 H3O+(aq)  +  PO4

3-(aq)  
 
The majority of weak acids are organic (carboxylic) acids. 
 
YOU WILL LEARN A LOT MORE ABOUT WEAK ACIDS LATER IN THIS UNIT! 
 
It is worth remembering at this time that acidic solutions are also created by certain substances 
that react with water to form H+(aq)ions.  
You have already learned that non-metal oxides react with water to form acidic solutions. For 
example: 
                                SO2(g)   +   H2O(l)     SO3

2-(aq)   +   2H+(aq) 
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Strong and Weak Bases 
 
Strong bases are bases that produce a high concentration of OH-(aq) ions in aqueous solution. 
 
As with strong acids, there are also relatively few common strong bases. 
 
Soluble hydroxides and soluble carbonates will produce strong bases.  
 
Since most hydroxides have low solubilities, very few hydroxides form strong bases. The 
hydroxides of the Group IA Alkali Metals have high solubilities and, therefore, produce 
strong bases; Ba(OH)2 and Sr(OH)2 are moderately soluble hydroxides that produce 
moderately strong bases.  
 
Learn these five important Strong Bases: 
 
LiOH, NaOH, KOH, Ba(OH)2, Sr(OH)2 
 
 
Soluble carbonates (which, for all practical purposes, means the carbonates of the Group 
IA Alkali metals also produce moderately strong bases when dissolved in water since the 
carbonate ion reacts with water molecules according to the equation: 

 
CO3

2-
(aq)  +  H2O(l)  ---->  HCO3

-
(aq)  +  OH-

(aq) 

 
Strongly basic solutions are also created by certain substances that react with water to form OH–

(aq)ions. The most common of these contain the oxide ion. You have already learned that metal 
oxides react with water to form basic solutions. For example: 

K2O(s)   +   H2O(l)    2 K+(aq)   +   2 OH-(aq) 

Ionic hydrides also react with H2O to form OH–. For example: 

LiH + H2O ---> Li+ + OH- + H2 
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AP Question 
Give the formulas to show the reactants and the products for each of the following 
chemical reactions. Each of the reactions occurs in aqueous solution unless otherwise 
indicated. Represent substances in solution as ions if the substance is extensively ionized. 
Omit formulas for any ions or molecules that are unchanged by the reaction. In all cases a 
reaction occurs. You need not balance.  
 

1. Solid cesium oxide is added to water.   [2002, Form A] 
 

2. Sulphur dioxide gas is bubbled into a beaker of water. [2002, Form B] 
 

3. Solid calcium hydride is added to distilled water.  [1995] 
 

4. Phosphorous(V) oxide powder is sprinkled over distilled water. [1994] 
 

5. Sulfur trioxide gas is added to excess water.  [1988] 
 

6. Powdered strontium oxide is added to distilled water. [2000] 
 

7. Calcium oxide powder is added to distilled water.  [1999] 
 

8. Solid sodium oxide is added to distilled water.  [1998] 
 

9. Drops of liquid dinitrogen trioxide are added to distilled water. [1996] 
 

10. Solid lithium hydride is added to water.  [1992] 
 

11. Samples of boron trichloride gas and ammonia gas are mixed. [1989] 
 
Answers 

1. Cs2O   +   H2O    Cs+   +   OH-  (Note: Alkali metal hydroxides are soluble) 

2. SO2   +   H2O     H2SO3    (Note: H2SO3 is a weak acid and is written in molecular, not ionic, form) 

3. CaH2 + H2O --> Ca(OH)2 + H2   (Note: Ca(OH)2 is only slightly soluble!) 

4. P4O10  + H2O ---> H3PO4   (Note: H3PO4 is a moderateacid and is written in molecular, not ionic, form) 

5. SrO   +   H2O    Sr2+   +   OH-   (or Sr(OH)2 since it is not very soluble!) 

6. CaO   +   H2O    Ca(OH)2   (Note: Ca(OH)2 is only slightly soluble!) 

7. Na2O   +   H2O    Na+   +   OH-   (Note: Alkali metal hydroxides are soluble) 

8. N2O3 + H2O ---> HNO2   (Note: HNO2 is a weak acid and is written in molecular, not ionic, form) 

9. LiH + H2O ---> Li+ + OH- + H2 

10. BCl3 + NH3 ---> Cl3BNH3 

11. SO3   +   H2O     H+  +  SO4
2-    (Note: H2SO4 is a strong acid and is written in ionic, not molecular, form) 
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Equations for Reactions Involving Metals 
 

 
Reaction of Metals with Nonmetals 
 
Such reactions are examples of Combination Reactions. They are also Redox Reactions 
(later in the course!). 
 
For example:  
   Zn  +  I2      
 
Note: 
 
When reactions occur between metals such as Fe, Cu,  & Sn that can form multiple 
ions (Fe2+ & Fe3+; Cu+ & Cu2+; Sn2+ & Sn4+, etc.) and reactive nonmetals, such as O2, 
Cl2 & F2 , the metal will always be oxidised to the ion with the higher positive 
charge.  
 
For example: 

Fe + Cl2      
 
 
 
Reaction of Metals with Water (or Steam) 
 

• The metal atoms are oxidized to metal ions. 
• The water molecules are reduced (2H2O + 2e- ---> 2OH- + H2)  

 
For example....  
   Na  +  H2O  --->     +  OH-  +  H2    
   Ca  +  H2O  --->     +  OH-  +  H2 
 
 
 
Reaction of Metals with Dilute Acids  
 

• The metal atoms are oxidized to metal ions. 
• The hydrogen ions in the acid are reduced (2H+ + 2e- ---> H2) 
• The anions in the acid are spectator ions.  

 
For example....  
   Na  +   H+  --->  Na+  +  H2  
   Ca  +  H+ --->  Ca2+  +  H2 
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Reaction of Metals with Metal Salt Solutions (Single Displacement Reactions) 
 

• The metal atoms are oxidized to metal ions. 
• The metal ions are reduced to metal atoms. 
• The anions combined originally with the metallic cations are spectator ions.  

 
For example....  
   Cu  +  Ag+  --->  Cu2+  +  Ag     
   Al  +  Cu2+  --->  Al3+  +  Cu 
 
 
 
(Special) Reactions involving Fe2+ and Fe3+ ions 
 
 

Fe(s)   +   2 Fe3+(aq)   ---->   3 Fe2+(aq) 
 
Fe2+(aq)   +   Cl2(aq)   ---->   Fe3+(aq)   +   2 Cl-(aq) 
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Questions 
 
Give the formulas to show the reactants and the products for the following chemical 
equations. Each of the reactions occurs in aqueous solution unless otherwise indicated. 
Represent substances in solution as ions if the substance is extensively ionized. Omit 
formulas for any ions or molecules that are unchanged by the reaction. In all cases a 
reaction occurs. You need not balance. 
 
 

a) Pure solid phosphorus (white form) is burned in air. 
 
 

b) Calcium metal is strongly heated in nitrogen gas. 
 
 
 

c) A piece of aluminum metal is added to a solution of silver nitrate. 
 
 
 

d) A small piece of calcium metal is added to hot distilled water (2000). 
 
 
 

e) Zinc metal is added to a solution of copper(II) nitrate. 
 
 
 

f) A mixture of powdered iron (III) oxide and powdered aluminum is heated 
strongly (1999) 

 
 
  
ANSWERS   

a. P4  +  O2    P4O10 
b. Ca  +  N2  --->   Ca3N2   
c. Al   +   Ag+   ---->   Al3+   +   Ag 
d. Ca   +   H2O      Ca2+   +   H2   +   OH- 
e. Zn  +  Cu2+   Zn2+  +  Cu 
f. Fe2O3   +   Ao      Fe   +   Al2O3 
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