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AP® Chemistry 2024 Scoring Guidelines

Question 6: Short Answer 4 points
(a) For a correct explanation: 1 point
The plot of W versus time is the most linear, indicating that the reaction is second

order with respect to NO,.

(b) For the correct calculated value: 1 point

1 mol O,

_ & = =7
2 mol NO, 326 x107"M/s

6.52 x 107 M /s x

(c) (i) For the correct Lewis diagram: 1 point
 O0=N=0 [
LN ] [ X J

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

Accept one of the following:

o Agree. The angle of NO," is different from the angle in NO, because there

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

O atoms would spread farther apart, forming a linear structure with a 180°

bond angle.

e Agree. The hybridization of N in NO, is spz, which would result in a bond
angle of approximately 120°. The hybridization of N in NO," is sp, which
would result in a bond angle of 180°.

Total for part (c) 2 points

Total for question 6 4 points

© 2024 College Board



Sample 6A 1 of 2
Question 6 ®

Begin your response to QUESTION 6 on this page.

6. At elevated temperatures, NO, undergoes decomposition in the gas phase, forming NO and O, as represented by
the following equation.

ZNOz—} 2N0+02

A scientist measures the change in [NO,] over the first 100. s of the reaction at 546°C. The scientist uses the data
collected from the experiment to generate the following two graphs.
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Blndonﬂ:mmmclcimﬁnmammeclﬁmﬂmﬂnmhwfmmemcﬁmism:e-k[NO;]z.
(a) Explain how the graphs indicate that the reaction is second order with respect to NO,.

The graph thews & linear funchom v Yy, vs. Hime

which  Consisds with Second svder qrafh . Thes |

‘m&‘acm-u\ te veachon 1§ Second order.
(b)Ataminpoiminthemac&on.themeofdiapmofNO;hdemminedlobeﬁ,ﬁxlU'TMh.

Determine the rate of appearance, in M /s, of O, at this same point in the reaction.
As 2 mdes ok NO» disgppeer, 4 Mmees Bam of D2 appears.
Thas the vano oF disegperance of No, l-ula.“u.u:mu of
0r is 2 b 4.

3 e rate of apperance oF 02

-3 = |
6.C2 1My =‘3_9_c.1o"w\}s |
: ; |
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Question 6

Continue your response to QUESTION 6 on this page.

(c) NO, is a molecule that contains an odd number of electrons and can be oxidized to form the NO,* ion. In
NO,, the unpaired electron is presumed to be localized on the nitrogen atom, as shown in the Lewis diagram in
the box on the left.

O=—N—0: ['.t‘)z N:Q'_ ]+

(i) In the box on the right, complete the Lewis diagram for NO,*. Be sure to show all bonding and
nonbonding electrons.

(ii) A student makes the claim that the bond angles in NO, and NO," are different from each other. Do
you agree or disagree with the student's claim? Justify your answer.

T agree with the thudent't duirve ., The hond an‘\u
e W0aY Lud b 430° because ik i€ & Gunear
Shachore . While 1w No, | W& conkudnc €n wngharsed
pedhens | whidh werld puth fhe bemding gaires cleser
b 2adh sther exrcated o bont thate and @ lbend
C\,V\.E.l!-& tat 8 lecr Han 450" . T, Hae bond
anglrs in NOy and No, bt are diffirent trom
pach other,

Ummmwmﬁmmbw- Page 17 .GOONTQTHEN_EKTPAG!.
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Question 6 ®
Bﬁﬁm@ﬁmhﬂhﬁ&bﬂcmmﬁm. -

6. At elevated temperatures, NO, undergoes decomposition in the gas phase, forming NO and O, as represented by
the following equation.

2NO, - 2NO + 0,

-
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A scientist measures the change in' [NO,] over the first 100. s of the reaction at 546°C. The scientist uses the data
collected from the experiment to generate the following two graphs.
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58 25000
-9.01\ 20,000
O N ¥
In[NO,] -9.4 - 1/[NO,] 15,000 7
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-10.0 ¥. 5,000
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Based on these data, the scientist makes the claim that the rate law for the reaction is raze = k[NO,J”.

(a) Explain how the graphs indicate that the reaction is second order with respect to NO,.
The orapn WA nos 1 INOT ow e y-axi®
U Time on &2 yp-awi{ (S D\eeavr e |
veackhor % S:ECDV\A ov oY wﬁm—m?gd +°o (N0, . q

mm.mmmmmmmwmdﬂoziudmmodwu‘s.szx 100" M.
Determine the rate of appearance, in M /s, of O, at this same point in the reaction.

Vo of oppreavan(e = (.52 o m(s
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® Question 6

o

Continue your response to QUESTION 6 on this page.

S

(c) NO, is a molecule that contains an odd number of electrons and can be oxidized to form the NO,* ion. In
NO,, the unpaired electron is presumed to be localized on the nitrogen atom, as shown in the Lewis diagram in
the box on the left.

O=N—0: [0=N-0]

(i) In the box on the right, complete the Lewis diagram for NO,*. Be sure to show all bonding and
nonbonding electrons.

(ii) A student makes the claim that the bond angles in NO, and NO, " are different from each other. Do
you agree or disagree with the student’s claim? Justify your answer.

Yes T agree Hne bend Bngies ave clitfrenmt
Leowse twe wipnived ctletkon vwovid

exert Covle on rve ‘\ooyndS aw\a\\"\-ﬂ\ et
down  gugnii - frewever, we  NO3 "
SHueM e (g \Lneow withevt e uhpained

lrethvon:
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Question 6

Begin your response to QUESTION 6 on this page.

6. At elevated temperatures, NO, undergoes decomposition in the gas phase, forming NO and O, as represented by

d;ofonowh;oqusdon.
2NO; -» 2NO+0,

A scientist measures the change in [NO,] over the first 100. s of the reaction at 546°C. The scientist uses the data

collected from the experiment to generate the following two graphs.
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-8; : 25,000

-9.0 A\ 20,000

-9.2 \ ' //

In[NO,] 9.4 N 1/[NO,] 15,000 /,r

:g:; \\ 10,000

-10.0

~102 i s.(m(

-104 0+ —

0 20 40 60 80 100 0 20 40 60 80 100

Time (seconds) Time (seconds)

Based on these data, the scientist makes the claim that the rate law for the reaction is rate = k[NO,]>
(a) Explain how the graphs indicate that the reaction is second order with respect to NO,.

B {4 15 Jeeing oxtonealy in +he InINIS) iy measng

£ 9§ Semy orxe

' (! 2 Ty ¥ ok H 1 £ ||
(b)mloaﬁnpoiminﬂnremmmfdiwofNOQil&tetmimdtobeﬁ.szxlﬂ'Tjﬁs.

Determine the rate of appearance, in M /s, of O, at this same point in the reaction.
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Question 6 W

Continue your response to QUESTION 6 on this page.

A

(c) NO, is a molecule that contains an odd number of electrons and can be oxidized to form the NO, " ion. In
NO,, the unpaired electron is presumed to be localized on the nitrogen atom, as shown in the Lewis diagram in
the box on the left.

6 4+ s

(i) In the box on the right, complete the Lewis diagram for NO,*. Be sure to show all bonding and
nonbonding electrons.

(ii) A student makes the claim that the bond angles in NO, andNOf are different from each other. Do
you agree or disagree with the student’s claim? Justify your answer.

Iingiee, e bny AWl in NOy vohd 8idber b g
oMY 0r0 0F tny O atms Mang a Wwhlp 60y, while
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AP® Chemistry 2024 Scoring Commentary

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 O, product given the
relative rate of disappearance of the NO, 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." ion, given a Lewis diagram of the
NO_ molecule and information that the NO. can be oxidized to form NO,". 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 NO,
and NO_" 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/[NO;] 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 O.. In part (c)(i) the point was earned
for drawing the correct Lewis diagram of NO.". In part (c)(ii) the point was earned for agreeing with
the claim and providing a correct justification that NO," has a linear shape with a 180° bond angle,
while the presence of the odd electron on NO; 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/[NO;] 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 O; is the same as the rate of disappearance of
NO_, 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," 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.

© 2024 College Board.
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AP® Chemistry 2024 Scoring Commentary

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 In[NO;] graph rather than the linearity of the
1/[NO;] graph. In part (b) the point was not earned for an incorrect calculation of the rate of
appearance of O, with no supporting setup shown. In part (c)(i) the point was earned for drawing the
correct Lewis diagram of NO;". 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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