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Question 4 (15 points) 
 
(a) A barium nitrate solution and a potassium fluoride solution are combined and a precipitate forms. 

(i) Balanced equation: 
 

Ba2+  +  2 F −  →  BaF2 
 

 
Two points are earned for the correct reactants  

(1 point each). 
 

One point is earned for the correct product. 
 

One point is earned for correctly balancing 
 the equation for atoms and charge. 

 
 

 (ii) If equimolar amounts of barium nitrate and potassium fluoride are combined, which reactant, if any, is 
the limiting reactant? Explain. 

 According to the balanced chemical equation, twice as 
much potassium fluoride is required to completely react 
with the barium nitrate. Because there are equimolar 
amounts of barium nitrate and potassium fluoride, there is 
not enough potassium fluoride to react with all of the 
barium nitrate, so potassium fluoride is the limiting 
reactant. 

One point is earned for a correct 
answer that is consistent with part (i). 

(b) A piece of cadmium metal is oxidized by adding it to a solution of copper(II) chloride. 

(i) Balanced equation: 
 

Cd + Cu2+  →  Cd2+ + Cu 
 

 
One point is earned for both correct reactants. 

 
One point is earned for both correct products. 

 
One point is earned for correctly balancing 

the equation for atoms and charge. 
 

 

 (ii) List two visible changes that would occur in the reaction container as the reaction is proceeding. 

 In the solution, the blue color of the copper(II) 
cation would decrease, and eventually the 
solution would become colorless. 

 Reddish-brown (or black) copper metal would 
plate out onto the piece of silvery cadmium 
metal. 

Two points are earned for correctly describing  
the changes (1 point each). 
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Question 4 (continued) 

(c) A hydrolysis reaction occurs when solid sodium sulfide is added to distilled water. 

(i) Balanced equation: 
 

Na2S  +  H2O  →  2 Na+  +  HS−  +  OH− 

OR 
Na2S  +  2 H2O  →  2 Na+  +  H2S  +  2 OH−

 

One point is earned for both correct reactants. 
 

One point is earned for any two correct products;  
2 points are earned for all three correct products. 

 
One point is earned for correctly balancing 

the equation for atoms and charge. 
 

 (ii) Indicate whether the pH of the resulting solution is less than 7, equal to 7, or greater than 7. Explain. 

 The pH of the resulting solution is greater than 7. 
The hydrolysis reaction of S2− produces the base 
OH−, thus raising the pH above 7.

 

 
One point is earned for a correct 

answer that is consistent with part (i). 
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Question 4 
 
Sample: 4A 
Score: 14 
 
This response earned 14 of the possible 15 points: 4 for part (a)(i), 3 for part (b)(i), 2 for part (b)(ii), 4 for  
part (c)(i), and 1 for part (c)(ii). In part (a)(ii) although the answer is correct, the required explanation is not given, 
and the point was not earned. 
 
Sample: 4B 
Score: 9 
 
This response earned 9 of the possible 15 points. In part (a)(i) both reactant points were earned for showing the 
correct reactants with correct charges. The product point was earned, but the balancing point was not earned. In 
part (a)(ii) the response incorrectly identifies the limiting reactant and so did not earn the point. In part (b)(i)  
1 point was earned for the correct reactants with proper charges; 1 point was earned for the correct products with 
proper charges; and 1 point was earned for balancing. In part (b)(ii) both points were earned—one for the fading 
of the blue color and one for stating that cadmium solid is “used up.” In part (c) the only point earned was for the 
correct reactants. 
 
Sample: 4C 
Score: 5 
 
This response earned 5 of the possible 15 points. In part (a)(i) neither reactant point was earned because both 
reactants are shown in molecular form, but 1 product point was earned because the products are consistent with 
the molecular reactants. The balancing point was not earned. In part (a)(ii) the response incorrectly identifies the 
limiting reactant and so did not earn the point. In part (b)(i) the reactant point was not earned because the 
reactants are shown in molecular form; 1 product point was earned because the products are consistent with the 
molecular reactants; and 1 point was earned for balancing. In part (b)(ii) neither point was earned because the 
color change is not specified and the term “heavier” is vague and incorrect. In part (c)(i) 1 point was earned for 
the correct reactants. Neither of the product points nor the balancing point was earned. In part (c)(ii) 1 point was 
earned for stating that the pH is less than 7, owing to the production of an acidic species, because this is consistent 
with the products given. 


