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Question 6: Short Answer 4 points 
 

(a) For a correct explanation:  1 point 

The plot of 1
[NO2 ]  versus time is the most linear, indicating that the reaction is second 

order with respect to NO2 . 

(b) For the correct calculated value:  1 point 

6.52 7 1 mol O
× ×10− M M/s 2 = 3.26 ×10−7 /s  

2 mol NO2

(c) (i) For the correct Lewis diagram:  1 point 

    

 

(ii) For the correct answer and a valid justification, consistent with part (c)(i):  1 point 

Accept one of the following: 

• Agree. The angle of NO +
2  is different from the angle in NO2  because there 

would no longer be a nonbonding electron on the central atom in NO2 , and the 

O  atoms would spread farther apart, forming a linear structure with a 180  
bond angle. 

• Agree. The hybridization of N  in NO2  is sp2 , which would result in a bond 

angle of approximately 120 . The hybridization of N  in NO +
2  is sp , which 

would result in a bond angle of 180 . 

 Total for part (c) 2 points 

 Total for question 6 4 points 
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Question 6 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 
 
Question 6 presented students with a variety of chemical situations involving nitrogen dioxide.  
 
Part (a) requires students to explain how one of the two provided graphical representations of kinetic 
data indicates that the reaction is a second-order process. The intent of the question was for students 
to identify the rate law expression by interpretating graphical information showing how the 
concentration of a reaction species changes over time (Learning Objective TRA-3.C/5.3.A, Skill 5.D 
from the AP Chemistry Course and Exam Description). 
 
Part (b) requires students to calculate the relative rate of appearance of the O2 product given the 
relative rate of disappearance of the NO2 reactant. The question’s intent was for students to use the 
experimental data and balanced chemical reaction equation to calculate a product’s rate of 
appearance (TRA-3.B/5.2.A, 5.F). 
 
Part (c)(i) requires students to draw the Lewis diagram for the NO +

2  ion, given a Lewis diagram of the 
NO2 molecule and information that the NO2 can be oxidized to form NO +

2 . The intent of the question 
was for students to demonstrate an understanding of ion formation and rules for drawing Lewis 
diagrams (SAP-4.A/2.5.A, 3.B). 
 
Part (c)(ii) requires students to agree or disagree with a student claim that the bond angles of NO2 
and NO +

2  would be different. The question’s intent was for students to support a scientific argument 
by comparing the two Lewis diagrams (SAP-4.C/2.7.A, 6.C). 
 
Sample: 6A 
Score: 4 
 
This response earned 4 points. In part (a) the point was earned for correctly indicating that the 
1/[NO2] graph is linear, which corresponds to a second order reaction. In part (b) the point was 
earned for the correct calculation of the rate of appearance of O2. In part (c)(i) the point was earned 
for drawing the correct Lewis diagram of NO +

2 . In part (c)(ii) the point was earned for agreeing with 
the claim and providing a correct justification that NO +

2  has a linear shape with a 180° bond angle, 
while the presence of the odd electron on NO2 creates a smaller than 180° bond angle. 
 
Sample: 6B 
Score: 2 
 
The response earned 2 points. In part (a) the point was earned for correctly indicating that the 
1/[NO2] graph is linear, which corresponds to a second order reaction. In part (b) the point was not 
earned for the statement that the rate of appearance of O2 is the same as the rate of disappearance of 
NO2, which does not take into account the stoichiometry of the reaction. In part (c)(i) the point was 
not earned for drawing an incorrect Lewis diagram of NO +

2  where N does not have a complete octet. 
In part (c)(ii) the point was earned for agreeing with the claim and providing a correct justification. 
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Question 6 (continued) 
 
Sample: 6C 
Score: 1 
 
This response earned 1 point. In part (a) the point was not earned because the explanation is 
incorrectly based on the exponential decrease in the ln[NO2] graph rather than the linearity of the 
1/[NO2] graph. In part (b) the point was not earned for an incorrect calculation of the rate of 
appearance of O2 with no supporting setup shown. In part (c)(i) the point was earned for drawing the 
correct Lewis diagram of NO +

2 . In part (c)(ii) the point was not earned for an incorrect justification 
that the difference in bond angle is due to the difference in bonding rather than the presence of the 
lone nonbonding electron on N. 
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