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Essay Questions
1983
a) three points
Plot ln k or log k vs 1/T
Eact = - R (slope) or - 2,303 R (slope)
For partial credit, if the 2-point equation is given for the activation evergy, the student may receive a
point. A student may also receive a point if it is stated that k is plotted vs 1/T or if ln K or log k is
plotted vs T.
b) five points
Plot ln PA or log PA vs time.
Plot 1/PA vs time.
If ln PA vs time is linear, the reaction is first order. If 1/PA vs time is linear, the reaction is second
order.
If first order, slope = - k1 or - k1 / 2.303.
If second order, slope = k2.

1985
Average score = 3.52
a) three points
Points on ordinate take into account the initial amounts of the three substances, and PCl5 line rises while
others fall.
Lines curved at start and flat after equilibrium.
Concentration changes should be consistant with the fact that all coefficients in the equation are unity.

b) two points - First order in both reactants, Inclusion of constant
Rate = k [PCl3] [Cl2]
c) one point
Reaction requires effective collisions between molecules of PCl3 and Cl2 As concentrations of these
molecules increase, the number of effective collisions must increase and the rate of action increases.
d) two points
The fraction of colliding molecules with the required activation evergy increases as the temperature
rises.

(1) AP® is a registered trademark of the College Board. The College Board was not involved in the production of and does not endorse this product. (2) Test
Questions are Copyright © 1984-2008 by College Entrance Examination Board, Princeton, NJ. All rights reserved. For face-to-face teaching purposes, classroom
teachers are permitted to reproduce the questions. Web or Mass distribution prohibited.
Page 1

1990

Page 2

1992

Page 3

1995

Page 4

1996

Page 5

AP® CHEMISTRY
2003 SCORING GUIDELINES (Form B)
Question 8

Total Score 8 points
8. The decay of the radioisotope I-131 was studied in a laboratory. I-131 is known to decay by
beta ( −01 e ) emission.
(a) Write a balanced nuclear equation for the decay of I-131.
131
53 I

Note: “β” for

0
−1 e

→

131
54 Xe

+

0
−1 e

1 point for correct equation

is acceptable

(b) What is the source of the beta particle emitted from the nucleus?
A neutron spontaneously decays to an electron and
a proton.

1 point for identifying a neutron as the
source of the beta emission

The radioactivity of a sample of I-131 was measured. The data collected are plotted on the graph below.

(c) Determine the half-life, t1/2 , of I-131 using the graph above.
The half-life is 8 days. That is the time required for the
disintegration rate to fall from 16,000 to one-half its initial
value, 8,000.

1 point for half-life
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AP® CHEMISTRY
2003 SCORING GUIDELINES (Form B)
Question 8 (cont’d.)
(d) The data can be used to show that the decay of I-131 is a first-order reaction, as indicated on the
graph below.

(i) Label the vertical axis of the graph above.
The label on the y-axis should be ln or log one of the
following: disintegrations or moles or atoms or [I-131] or
disintegration rate.

1 point for correct label on
y-axis

(ii) What are the units of the rate constant, k , for the decay reaction?
From the graph, the units on the rate constant are days−1
(Units of time−1 is acceptable)

1 point for correct units

(iii) Explain how the half-life of I-131 can be calculated using the slope of the line plotted
on the graph.
The slope of the line is −k. The slope is negative, so k is a
positive number. The half-life can then be calculated using the
0.693
relationship t1/2 = k .

1 point for indicating slope is k
1 point for half-life equation

(d) Compare the value of the half-life of I-131 at 25°C to its value at 50°C.
The half-life will be the same at the different temperatures. The half-life
of a nuclear decay process is independent of temperature.
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AP* Kinetics Free Response Questions KEY

page 1

Problems
1981
a) 6 points
rate = k [A]m [B]n
m=2
n=1
b) 3 points
Substitution of any one set of data from experiments 1-5 into the rate equation.
For example, experiment #1:
8.00 mol L¯1 hr¯1 = k [0.240 mol / L]2 [0.480 mol / L]
k = 289 L2 mol¯2 hr¯1
c) 2 points
rate = 289 L2 mol¯2 hr¯1 (0.0140 mol / L)2 (1.35 mol / L)
rate = 0.0766 mol L¯1 hr¯1
d) 4 points
acknowledgement of a limiting reagent
identification of B as the limiting reagent
correct mole ratio
[C] = (3C / 2B) x 0.120 mol / L of B

1984
Average score 4.81
a) three points; one point for correct form of law and two points for correct methodology without an
error; one point for correct methodology with an error
Rate = k[Y]
b) two points
7.0 x 10¯4 mole / L sec = k (0.10 mole / L)
k = 7.0 x 10¯3 sec¯1
c) two points
2.3 log co / c = k t
2.3 log 0.60 / 0.40 = (7.0 x 10¯3) (t)
t = 58 s
d) two point
(1) AP® is a registered trademark of the College Board. The College Board was not involved in the production of and does not endorse this product. (2) Test
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AP* Kinetics Free Response Questions
Mechanism 3 is correct.
The rate law shows that the slow reaction must involve one Y, consistent with mechanism 3.
Mechanisms 1 and 2 would involve both [X] and [Y] in the rate law, not consistent with the rate law.
1987
a) three points; one each for form of rate law, HgCl2 exponent, C2O42¯ exponent
Rate = k [HgCl2][C2O42¯]2
b) three points; two for correct substitution and arithmetic, one for units
0.52 x 10¯4 M/min = k [0.0836][0.202]2
k = 1.52 x 10¯2 M¯2 min¯1
(note: sometimes this unit is written as L2 mol¯2 min¯1)
c) one point
+ d[Cl¯] / dt = 0.52 x 10¯4 x (1 C2O42¯ / 2 Cl¯) =2.6 x 10¯5 M/min
no credit for inverting ratio
d) two points
1.27 x 10¯4 M/min = (1.52 x 10¯2 M¯2 min¯1) (0.0316)[C2O42¯]2
[C2O42¯]2 = 0.264 M2
[C2O42¯] = 0.514 M
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AP® CHEMISTRY
2003 SCORING GUIDELINES
Question 3
5 Br−(aq) + BrO3−(aq) + 6 H+(aq) → 3 Br2(l) + 3 H2O(l)
3. In a study of the kinetics of the reaction represented above, the following data were obtained at 298 K.

Experiment

Initial [Br−]
(mol L−1)

Initial [BrO3−]
(mol L−1)

Initial [H+]
(mol L−1)

0.00100
0.00200
0.00100
0.00100

0.00500
0.00500
0.00750
0.01500

0.100
0.100
0.100
0.200

1
2
3
4

Rate of
Disappearance of BrO3−
(mol L−1 s−1)
2.50 × 10−4
5.00 × 10−4
3.75 × 10−4
3.00 × 10−3

(a) From the data given above, determine the order of the reaction for each reactant listed below. Show
your reasoning.
(i) Br−
Experiments 1 and 2:
rate2
k2[Br−]2x[BrO3−]2y[H+]2z
=
rate1
k1[Br−]1x[BrO3−]1y[H+]1z

1 point for correct order of the
reaction with respect to Br−

k2(0.00200)x(0.00500)y(0.100)z
5.00 × 10−4
=
k1(0.00100)x(0.00500)y(0.100)z
2.50 × 10−4
(0.00200)x
= 2x
(0.00100)x
x = 1 Þ first order

2 =

(ii) BrO3−
Experiments 1 and 3:
rate3
k3[Br−]31[BrO3−]3y[H+]3z
=
rate1
k1[Br−]11[BrO3−]1y[H+]1z

1 point for correct order of the
reaction with respect to BrO3−

k3(0.00100)1(0.00750)y(0.100)z
3.75 × 10−4
=
k1(0.00100)1(0.00500)y(0.100)z
2.50 × 10−4
(0.00750)y
= 1.5
(0.00500)y
y = 1 Þ first order

1.5 =

y

Copyright © 2003 by College Entrance Examination Board. All rights reserved.
Available at apcentral.collegeboard.com.

8
Page 11

AP® CHEMISTRY
2003 SCORING GUIDELINES
Question 3 (cont’d.)
(iii)

H+

Experiments 3 and 4:
rate4
k4[Br−]41[BrO3−]41[H+]4z
=
rate3
k3[Br−]31[BrO3−]31[H+]3z
k4(0.00100)1(0.01500)1(0.200)z
3.00 × 10−3
=
k3(0.00100)1(0.00750)1(0.100)z
3.75 × 10−4

1 point for correct order of the
reaction with respect to H+

(0.01500)1(0.200)z
(0.00750)1(0.100)z
(0.200)z
8 = 2
(0.100)z
(0.200)z
4 =
= 2z
(0.100)z
z = 2 Þ second order

8 =

Note: Word explanations can also be used for part (a). The rate order can also be calculated from
Experiment 4 and Experiment 1 or 2 or 3 after the orders of [Br−] and [BrO3−] are determined.
(b) Write the rate law for the overall reaction.
1 point for correct rate law based on
exponents determined in part (a)

rate = k[Br−]1 [BrO3−]1 [H+]2

(c) Determine the value of the specific rate constant for the reaction at 298 K. Include the correct units.
rate = k[Br−]1 [BrO3−]1 [H+]2
k =

rate
[Br ] [BrO3−]1[H+]2

1 point for value of rate
constant

− 1

Use data from any Experiment – using Experiment #1:
k =

2.50 × 10−4 mol L−1 s−1
(0.00100 mol L ) (0.00500 mol L−1)1(0.100 mol L−1)2
−1 1

k = 5.00 × 103 L3 mol−3 s−1 (units M −3 s−1 also
acceptable)

1 point for correct units
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AP® CHEMISTRY
2003 SCORING GUIDELINES
Question 3 (cont’d.)
(d) Calculate the value of the standard cell potential, E°, for the reaction using the information in the table
below.
Half-reaction

E° (V)

Br2(l) + 2 e− → 2 Br−(aq)

+1.065

BrO3−(aq) + 6 H+(aq) → Br2(l) + 3 H2O(l)

+1.52

E° = +1.52 V − 1.065 V = +0.46 V

1 point for correct standard cell potential

(e) Determine the total number of electrons transferred in the overall reaction.
5 × (2 Br−(aq) → Br2(l) + 2 e− )
2 × (BrO3−(aq) + 6 H+(aq) + 5 e− →

1
Br (l) + 3 H2O(l))
2 2

10 Br−(aq) + 2 BrO3−(aq) + 12 H+(aq) + 10 e− → 6 Br2(l) + 6 H2O(l) + 10 e−
Divide by 2 to get the equation at the beginning of the problem:
5 Br−(aq) + BrO3−(aq) + 6 H+(aq) → 3 Br2(l) + 3 H2O(l)
Total number of electrons transferred is 5 e−
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1 point for
correct
number of
electrons
transferred

AP® CHEMISTRY
2004 SCORING GUIDELINES
Question 3
The first-order decomposition of a colored chemical species, X, into colorless products is monitored with a
spectrophotometer by measuring changes in absorbance over time. Species X has a molar absorptivity
constant of 5.00 × 103 cm–1 M –1 and the path length of the cuvette containing the reaction mixture is 1.00 cm.
The data from the experiment are given in the table below.
[X]
(M)
?
4.00 × 10 – 5
3.00 × 10 – 5
1.50 × 10 – 5

Absorbance
0.600
0.200
0.150
0.075

Time
(min)
0.0
35.0
44.2
?

(a) Calculate the initial concentration of the colored species.
A = abc
c =

A
=
ab

0.600
( 5.00 ×10 cm−1 M −1 ) (1.00 cm )
3

= 1.20 × 10− 4 M
A0 = abc0
A 0 A1
=
c0
c1

OR

1 point for concentration of X

A1 = abc1
0.600
0.200
=
c0
4.00 × 10−5

c0 = 1.20 × 10− 4 M
(b) Calculate the rate constant for the first-order reaction using the values given for concentration and time.
Include units with your answer.
Using the first two readings,
ln[X]t – ln[X]0 = −kt
ln

4.00 × 10−5
1.20 × 10−4

OR

ln

[X]t
= −kt
[X]0

= −k (35.0 min)

1 point for magnitude and correct sign of rate constant

ln (0.333) = −k (35.0 min)

1 point for correct units

–1.10 = −k (35.0 min)
k = 3.14 × 10−2 min−1
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AP® CHEMISTRY
2004 SCORING GUIDELINES

Question 3 (cont’d.)

(c) Calculate the number of minutes it takes for the absorbance to drop from 0.600 to 0.075.
ln
ln

[X]t
= −k t
[X]0
1.50 × 10

−5

1.20 × 10−4

1 point for correct substitution
= (−3.14 × 10−2 min−1) t

1 point for correct answer

ln (0.125) = (−3.14 × 10−2 min−1) t
–2.08 = (−3.14 × 10−2 min−1) t
t = 66.2 min

Note: students may use half-lives to answer this question.

(d) Calculate the half-life of the reaction. Include units with your answer.
ln

[X]t
= −kt
[X]0

ln

0.5 [X]0
= (−3.14 × 10−2 min−1) t1/2
[X]0

1 point for correct magnitude

ln (0.5) = (−3.14 × 10−2 min−1) t1/2
1 point for the correct units

−0.693 = (−3.14 × 10−2 min−1) t1/2
22.1 min = t1/2
OR
t1/2

0.693
=
k

t1/2 =

(1 point for the half-life equation if no k is given)

0.693
= 22.1 min
3.14 × 10−2 min −1

(e) Experiments were performed to determine the value of the rate constant for this reaction at various
temperatures. Data from these experiments were used to produce the graph below, where T is
temperature. This graph can be used to determine the activation energy, Ea , of the reaction.
(i) Label the vertical axis of the graph.
The vertical axis should be labeled ln k.

1 point

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
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AP® CHEMISTRY
2004 SCORING GUIDELINES
Question 3 (cont’d.)

(ii) Explain how to calculate the activation energy from this graph.
The slope of the line is related to the activation energy:
1 point for recognizing that the slope must be
measured

E
slope = – a
R

1 point for the correct explanation of how to obtain
the activation energy

To determine the activation energy for the reaction,
multiply the slope by – 8.314 J mol−1 K−1.
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AP® CHEMISTRY
2004 SCORING GUIDELINES (Form B)
Question 3
2 H2O2(aq) → 2 H2O(l) + O2(g)
3. Hydrogen peroxide decomposes according to the equation above.
(a) An aqueous solution of H2O2 that is 6.00 percent H2O2 by mass has a density of 1.03 g mL–1. Calculate
each of the following.
(i) The original number of moles of H2O2 in a 125 mL sample of the 6.00 percent H2O2 solution

1.03 g H 2 O 2 (aq)
×
1.00 mL H 2 O 2 ( aq )
6.00 g H 2 O 2
1 mol H 2 O 2
= 0.227 mol H2O2
×
100 g H 2 O 2 (aq)
34.0 g H 2 O 2

n H 2O2 = 125 mL H2O2(aq) ×

1 point for determining mass of H2O2(aq)
1 point for mass of H2O2
1 point for moles of H2O2

(ii) The number of moles of O2(g) that are produced when all of the H2O2 in the 125 mL sample
decomposes
n O2 = 0.227 mol H2O2 ×

1 mol O 2 ( g )
= 0.114 mol O2(g)
2 mol H 2 O 2 (aq)

1 point for moles of O2(g)

(b) The graphs below show results from a study of the decomposition of H2O2 .
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AP® CHEMISTRY
2004 SCORING GUIDELINES (Form B)
Question 3 (cont’d.)

(i) Write the rate law for the reaction. Justify your answer.
rate = k[H2O2]1

1 point for correct rate law

A plot of ln[H2O2] versus time is a straight line, so the reaction
follows simple first-order kinetics.

1 point for explanation

(ii) Determine the half-life of the reaction.
Using the graph showing [H2O2] versus time, the halflife is about 650 minutes.
OR
0.693
after determining k
Calculate from t1 2 =
k
from the slope in part (b)(iii)

1 point for a half-life between 600 and 700 minutes

(iii) Calculate the value of the rate constant, k . Include appropriate units in your answer.
0.693
k
0.693
0.693
k =
=
= 1.1 × 10−3 min−1
650 min
t1 2
t1

2

=

1 point for the magnitude of the rate constant
1 point for the units

OR
k can be obtained from the determination of the slope of
the line in the ln k versus time plot

(iv) Determine [H2O2] after 2,000 minutes elapse from the time the reaction began.
From the graph of [H2O2] versus time, [H2O2] is
approximately 0.12 M.
1 point for 0.09 < [H2O2] < 0.13 M

OR

From the graph of ln[H2O2] versus time, ln[H2O2] is
approximately –2.2, so [H2O2] = e− 2.2 = 0.11 M

Copyright © 2004 by College Entrance Examination Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents).

7
Page 18

AP® CHEMISTRY
2005 SCORING GUIDELINES (Form B)
Question 3

X → 2Y+Z
The decomposition of gas X to produce gases Y and Z is represented by the equation above. In a certain
experiment, the reaction took place in a 5.00 L flask at 428 K. Data from this experiment were used to produce the
information in the table below, which is plotted in the graphs that follow.
Time
(minutes)
0
10.
20.
30.
50.
70.
100.

[X]
(mol L− 1)
0.00633
0.00520
0.00427
0.00349
0.00236
0.00160
0.000900

ln [X]
−5.062
−5.259
−5.456
−5.658
−6.049
−6.438
−7.013

[X] − 1
(L mol −1 )
158
192
234
287
424
625
1,110

(a) How many moles of X were initially in the flask?
[X] at 0 minutes = 0.00633, so
mol X
= 3.17 × 10−2 mol X
5.00 L × 0.00633
L

One point is earned for correct number of moles
of X.
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AP® CHEMISTRY
2005 SCORING GUIDELINES (Form B)
Question 3 (continued)

(b) How many molecules of Y were produced in the first 20. minutes of the reaction?
After 20. minutes of reaction, the number of moles of X remaining
mol X
in the flask is (5.00 L) × (0.00427
) = 2.14 × 10−2 mol X .
L
Then the number of moles of X that reacted in the first 20 minutes

One point is earned for the
number of moles of X that
react or for the correct
stoichiometry between X
and Y.

is (3.17 × 10−2 mol X ) – (2.14 × 10−2 mol X) = 1.03 × 10−2 mol X.
Thus the number of molecules of Y produced in the first 20. minutes is

⎛ 2 mol Y produced ⎞ ⎛ 6.02 × 1023 molecules Y ⎞
×
(1.03 × 10−2 mol X) × ⎜
⎟
1 mol Y
⎝ 1 mol X reacted ⎟⎠ ⎜⎝
⎠
= 1.24 × 1022 molecules Y produced

One point is earned for the
number of molecules of Y
produced.

(c) What is the order of this reaction with respect to X ? Justify your answer.
The reaction is first order with respect to X because a plot of
ln [X] versus time produces a straight line with a negative slope.

One point is earned for the
correct order and an explanation.

(d) Write the rate law for this reaction.
rate = k[X]1

One point is earned for the rate law consistent with part (c).

(e) Calculate the specific rate constant for this reaction. Specify units.

ln

[X]t
= −kt
[X]0

⎛ 0.00520 ⎞
From the first two data points, ln ⎜
= −k (10 min)
⎝ 0.00633 ⎟⎠
⎛ ln 0.821⎞
k = −⎜
= 0.0197 min−1
⎝ 10 min ⎟⎠

One point is earned for the
magnitude of the rate constant.
One point is earned for the units.
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AP® CHEMISTRY
2005 SCORING GUIDELINES (Form B)
Question 3 (continued

(f) Calculate the concentration of X in the flask after a total of 150. minutes of reaction.

ln

[X]t
= −kt means the same thing as ln [X]t − ln[X]0 = −kt
[X]0

ln [X]150 − ln (0.00633) = −(0.0197 min−1)(150 minutes)

One point is earned for substituting
into the integrated rate law.

ln [X]150 = −(0.0197 min−1 )(150 minutes) + ln (0.00633)
ln [X]150 = −(0.0197 min−1 )(150 minutes) + (−5.062)
ln [X]150 = −2.955 + (−5.062) = −8.017
One point is earned for the correct
concentration of X.

eln[X]150 = e−8.017 = 3.30 × 10− 4

[X] at 150. minutes = 3.30 × 10−4 M

Copyright © 2005 by College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents).
Page 21

