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Question 4 (15 points) 
 

(a) A sample of solid iron(III) oxide is reduced completely with solid carbon. 

(i) Balanced equation: 
 

2 Fe2O3  +  3 C   →   4 Fe  +  3 CO2 
OR 

Fe2O3  +  3 C   →   2 Fe  +  3 CO 
 

One point is earned for both correct reactants. 

Two points are earned for the correct products 
(1 point each). 

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

 

(ii) What is the oxidation number of carbon before the reaction, and what is the oxidation number of 
carbon after the reaction is complete?  

 The oxidation number of  C  before the reaction is 0, 
and the oxidation number of  C  after the reaction is +4.

 

One point is earned for both oxidation 
numbers consistent with part (i). 

 

(b) Equal volumes of equimolar solutions of ammonia and hydrochloric acid are combined. 

(i) Balanced equation: 
 

NH3  +  H+   →   NH4
+ 

OR 
NH3  +  H3O+   →   NH4

+  +  H2O 
 

Two points are earned for the correct reactants. 

One point is earned for the correct product(s). 

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

 

 
 (ii) Indicate whether the resulting solution is acidic, basic, or neutral. Explain. 

 The resulting solution is acidic because of the 
hydrolysis of the NH4

+ ion, which reacts with water 
to form NH3 and H+. 

 OR 

 The mixing of a strong acid and a weak base results 
in an acidic solution. 

One point is earned for a correct 
answer consistent with part (i). 
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Question 4 (continued) 
 

(c) Solid mercury(II) oxide decomposes as it is heated in an open test tube in a fume hood. 

(i) Balanced equation: 
 

 2 HgO   →   2 Hg  +  O2 
 

One point is earned for the correct reactant. 

Two points are earned for the correct products 
(1 point each). 

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

 
(ii) After the reaction is complete, is the mass of the material in the test tube greater than, less than, or 

equal to the mass of the original sample? Explain. 

 The mass of the contents of the test tube will decrease 
owing to the loss of O2 gas to the atmosphere. 

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

 



4A 
1 of 2 

© 2009 The College Board. All rights reserved. 
Visit the College Board on the Web: www.collegeboard.com. 

 



4A 
2 of 2 

© 2009 The College Board. All rights reserved. 
Visit the College Board on the Web: www.collegeboard.com. 

 



4B 
1 of 2 

© 2009 The College Board. All rights reserved. 
Visit the College Board on the Web: www.collegeboard.com. 

 



4B 
2 of 2 

© 2009 The College Board. All rights reserved. 
Visit the College Board on the Web: www.collegeboard.com. 

 



4C 
1 of 2 

© 2009 The College Board. All rights reserved. 
Visit the College Board on the Web: www.collegeboard.com. 

 
© 2009 The College Board. All rights reserved. 

Visit the College Board on the Web: www.collegeboard.com. 
 



4C 
2 of 2 

© 2009 The College Board. All rights reserved. 
Visit the College Board on the Web: www.collegeboard.com. 

 
© 2009 The College Board. All rights reserved. 

Visit the College Board on the Web: www.collegeboard.com. 
 



AP® CHEMISTRY 
2009 SCORING COMMENTARY 

 

© 2009 The College Board. All rights reserved. 
Visit the College Board on the Web: www.collegeboard.com. 

Question 4 
 
Overview 
 
This question assessed students’ ability to communicate their knowledge of chemical processes. Important skills 
tested included writing chemical formulas for substances and balancing equations. Additional aspects of the 
problem evaluated general understanding of chemical concepts presented to students in both the classroom and 
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: 10 
 
In part (a) the student earned 2 of the possible 5 points. The student did not earn the reactant point because the 
formulas for iron(III) oxide and carbon are incorrect. The student earned both product points for the correct 
product formulas. The balancing point was not earned because the charge is not balanced. In part (a)(ii) the point 
was not earned because the oxidation number given for carbon after the reaction is incorrect. In part (b) the 
student earned 3 of the possible 5 points. There are 2 reactant points and 1 product point available in part (b)(i). 
The formula for ammonia is correct, but hydrochloric acid is not shown as being extensively ionized, so only 1 of 
the 2 reactant points was earned. The product point was earned because “NH4

+” is correct and the inclusion of 
“Cl−” is consistent with the reactants given. Because the equation is both charge and mass balanced, the student 
earned the balancing point. In part (b)(ii) the point was not earned because there is no explanation for why the 
solution is acidic. The student earned all 5 points in part (c). The student earned the point in part (c)(ii) by 
indicating that there would be a loss of mass owing to the gas leaving the test tube. 
 
Sample: 4C 
Score: 5 
 
The student earned 3 of the possible 5 points in part (a). One of the 2 product points was not earned because 
“Fe+3” is not a correct product, and the balancing point was not earned because the charge is not balanced. In  
part (b) the student earned 1 of the 5 points. The formula for ammonia is correct, but the HCl is not shown as 
being extensively ionized, so only 1 of the 2 reactant points was earned. The product point was not earned 
because the ammonium ion is shown without a charge. The balancing point was not earned because the charges 
are not balanced. The point was not earned in part (b)(ii). In part (c) the student earned 1 of the 5 points. The 
reactant point was not earned because an extra reactant is included. Only 1 of the 2 product points was earned 
because mercury in the +2 state is incorrect. The balancing point was not earned because the equation is not mass 
or charge balanced. The point was not earned in part (c)(ii). 


