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Question 4 
 
(a) Aqueous sodium hydroxide is added to a saturated solution of aluminum hydroxide, forming a complex 
 ion.

 

(i) Balanced equation:
 

Al(OH)3 + OH−  →  [Al(OH)4] − 

Al(OH)3 + 3 OH−  →   [Al(OH)6] 3− 

Al3+ + 4 OH−  →  [Al(OH)4]− 

Al3+ + 6 OH−  →  [Al(OH)6]3− 

One point is earned for the correct reactants. 

Two points are earned for a correct product. 

One point is earned for balancing the equation. 

 

 

 (ii) If the resulting mixture is acidified, would the concentration of the complex ion increase, decrease, 
or remain the same? Explain. 

The [Al(OH)4]  −  will decrease because … 

(If equilibrium exists), the H+ added would react with the OH− 

in solution, reducing the [OH−] and shifting the equilibrium 

toward the reactants, thus reducing the concentration of the 
complex ion. 

OR 

(If the reaction has gone to completion), the H+ added would 
react with the [Al(OH)4]−, thus reducing the concentration. 

[Al(OH)4]− + H+  →  Al(OH)3 + H2O 

One point is earned for a correct 
answer with an explanation. 
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Question 4 (continued) 

(b) Hydrogen chloride gas is oxidized by oxygen gas. 

(i) Balanced equation 
 
  4 HCl  +  O2  →  2 H2O  +  2 Cl2 

Some other acceptable equations and products: 

 4 HCl + 3 O2  →  2 H2O + 4 ClO 

 4 HCl + 5 O2 →  2 H2O + 4 ClO2 

 4 HCl + 7 O2  →  2 H2O + 4 ClO3 
 2 HCl + O2  →  2 HClO 

 HCl + O2  →  HClO2 

 2 HCl + 3 O2  →  2 HClO3 

 HCl + 2 O2  →  HClO4 

 

One point is earned for the correct reactants. 

Two points are earned for the correct products. 

One point is earned for balancing the equation. 

 

 
 (ii) If three moles of hydrogen chloride gas and three moles of oxygen gas react as completely as 

possible, which reactant, if any, is present in excess? Justify your answer. 

 O2 would be in excess because of the stoichiometry of 

the reaction; 4 moles of HCl are consumed for 1 mole of

O2.  (It takes only 0.75 mole of O2 to react with 3 

moles of HCl, leaving an excess of 2.25 moles of O2.) 

 For other acceptable equations and products, the excess 

reactant must be based on the stoichiometry of the 

reaction given by the student. 

One point is earned for a correct 
answer that is based on the balanced 

chemical equation and that has an 
appropriate justification. 
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Question 4 (continued) 
 

(c) Solid potassium oxide is added to water. 

(i) Balanced equation:
 

K2O + H2O  →  2 K+ + 2 OH− 

One point is earned for the correct reactants. 

Two points are earned for the correct products. 

One point is earned for balancing the equation. 

  

(ii) If a few drops of phenolphthalein are added to the resulting solution, what would be observed? Explain. 

 The solution would turn pink because the production of 
OH− makes the solution basic. In basic solutions, 
phenolphthalein turns pink. 

One point is earned for the 
correct answer with an explanation. 
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Question 4 

 
Overview 
 
This question was intended to assess students’ ability to write both molecular and net-ionic equations and to 
recognize when each is appropriate. Various aspects of the question were intended to reinforce knowledge 
gleaned from the classroom and from experience in the laboratory. 
 
Sample: 4A 
Score: 15 
 
This response earned all 15 points: 4 for part (a)(i), 1 for part (a)(ii), 4 for part (b)(i), 1 for part (b)(ii), 4 for part 
(c)(i), and 1 for part (c)(ii).  
 
Sample: 4B 
Score: 9 
 
No points were earned in part (a)(i). Na+ should not be included as a reactant, and the aluminum ion has an 
incorrect charge. No complex ion is shown as a product, and the equation is mass balanced but not charge 
balanced. The point was earned in part (a)(ii); this response shows understanding of the effect of removing 
hydroxide ions and so earned credit. All points were earned in parts (b)(i) and (b)(ii). In part (c)(i) 1 point was 
earned for the reactants, but only 1 of the 2 product points was earned because of the lack of a charge on OH. The 
balancing point was not earned; the equation is not balanced for mass or charge. The point was earned in part 
(c)(ii).  
 
Sample: 4C 
Score: 7 
 
No points were earned in part (a)(i). The reactant point was not earned because OH− is not included. The product 
points were not earned because no acceptable complex ion is given. The equation is not balanced for charge, so 
the balancing point was not earned. The point was not earned in part (a)(ii). In part (b)(i) the reactant point was 
earned. Only 1 of the 2 product points was earned; HOH (H2O) is an acceptable product, but Cl− is not. The 
balancing point was not earned; neither mass nor charge is balanced. In part (b)(ii) the response is not consistent 
with the equation given in part (b)(i), so the point was not earned. All the points were earned in parts (c)(i) and 
(c)(ii). 
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