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Question 4 
(15 points)

 

(a) Solid copper(II) sulfate pentahydrate is gently heated. 

     (i) Balanced equation: 

CuSO4•5H2O  →  CuSO4 + 5 H2O 

One point is earned for the reactant. 

Two points are earned for products. 

One point is earned for balancing the 
equation. 

 

 
 (ii) How many grams of water are present in 1.00 mol of copper(II) sulfate pentahydrate? 

2 2
4 2

4 2 2

5 mol H O 18.0 g H O 
1.00 mol CuSO 5H O

1.00 mol CuSO 5H O 1.00 mol H O
 

 
× ×  

=  90.0 g H2O 

One point is earned for the 
correct numerical answer. 

(b) Excess concentrated aqueous ammonia is added to a solution of nickel(II) nitrate, leading to the formation 
of a complex ion.

     (i) Balanced equation:
 

Ni2+  +  6 NH3  →  [ Ni(NH3)6]2+
 

Two points are earned for reactants. 

One point is earned for the product. 

One point is earned for balancing (mass and 
charge) the equation. 

 
(ii) Which of the reactants acts as a Lewis acid? 

Ni2+ One point is earned for correct identification of 
the Lewis acid. 

(c) Methylamine (CH3NH2 ) is added to a solution of hydrochloric acid.

     (i) Balanced equation:  
CH3NH2  +  H+  →  CH3NH3

+ 

OR 
CH3NH2  +  H3O+  →  CH3NH3

+ + H2O

Two points are earned for reactants. 

One point is earned for the product. 

One point is earned for balancing (mass and charge) 
the equation. 

 

 (ii) Methylamine dissolves in water to form a solution. Indicate whether this solution is acidic, basic, or 
neutral. 

The solution would be basic (because it would react with 
water to form CH3NH3

+ ions and OH− ions). 
 One point is earned for the correct choice. 
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Question 4 
 
Sample: 4A 
Score: 15 
 
This response all 15 points: 4 points  for part (a)(i), 1 point for part (a)(ii), 4 points for part (b)(i), 1 point for part 
(b)(ii), 4 points for part (c)(i), and 1 point for part (c)(ii). 
 
Sample: 4B 
Score: 12 
 
This response earned 12 of the possible 15 points. The response earned all the points possible in parts (a) and 
(b). In part (c)(i) 1 of the reactant points was earned for the methylamine; the product point and the balancing 
point were not earned. The point was earned in part (c)(ii). 
 
Sample: 4C 
Score: 7 
 
This response earned 7 of the possible 15 points. In part (a)(i) 1 point was earned for the reactants and 1 point 
for balancing atoms and charge, but only 1 of the two product points was earned because the copper(II) 
sulfate is shown as being dissociated. In part (a)(ii) the point was not earned because the student incorrectly 
determines the mass of water present. In part (b)(i) 1 of the 2 reactant points was earned for the ammonia, 
the product point was not earned because there is not an acceptable complex ion shown, and the balancing 
point was not earned. In part (b)(ii) the point was not earned because the student incorrectly identifies 
ammonia as the Lewis acid. In part (c)(i) 2 points were earned for the correct reactants, the product point was 
not earned, and 1 point was earned for balancing mass and charge in the given equation. In part (c)(ii) the 
point was not earned because the student incorrectly indicates that the solution is acidic. 


