AP Chemistry Unit 7  Problem Sets
Zumdahl Ch. 12
[bookmark: gjdgxs]Problem Set 1 reaction rates
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	[bookmark: _30j0zll]Define reaction rate. Distinguish between the initial rate, average rate, and instantaneous rate of a chemical reaction. Which of these is usually the fastest?
	Explain how each of the following properties generally affects the rate of a chemical reaction based on Collision Theory:

(a) Concentration
(b) Temperature
(c) Particle size (solids)
(d) Catalysis
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Problem Set 2 Differential Rate Laws
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Problem Set 3 Integrated Rate Laws   
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Problem Set 4 Collision/Transition State Theory and Reaction Mechanisms
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14.17 The isomerization of methyl isonitrile (CH3NC) to ace-
tonitrile (CH;CN) was studied in the gas phase at
215°C, and the following data were obtained:

Time (5)

[CHZNC] (M)

0
2,000
5,000
8,000

12000

15,000

00165
00110

0.00591
0.00314
000137

0.00074

(@) Calculate the average rate of reaction, in M/, for the
time interval between each measurement. (b) Graph
[CH;NC] versus time, and determine the instantaneous

rates in Ms at

= 50005 and t = 8000's.
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25. At40°C, H,0,(ag) will decompose according to the following
reaction:
2H,0,(agq) — 2H,0()) + Os(g)

The following data were collected for the concentration of
H,0; at various times.

0

2.16 x 10*
432 x 104
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a. Calculate the average rate of decomposition of H;0,
between 0 and 2.16 X 10 s. Use this rate to calculate the
average rate of production of O,(g) over the same time
period.

b. What are these rates for the time period 2.16 X 10°s to
432 X 10*s?




image9.png
The decomposition of BrO; follows the following reaction:
BIOS g+ 5 By * 6 H" 1y = 3By # 3H,0,
a. Express the rate of reaction with respect to each of the reactants and products as a
function of time.

b. A concentration vs. time curve of the reaction was determined by a kinetics experiment:

[BrO;](M)
o o o o
[

°

0 400 800 1200 1600 2000 2400
time(s)

i. What is the average rate over the first 1200 seconds?

ii. Whatis the instantaneous rate at 800 seconds?
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13. For the reaction
0,(g) + 2NO(g) — 2NO,(g)
the observed rate law is
Rate = k[NO[0,]
Which of the changes listed below would affect the value of
the rate constant k?
a. increasing the partial pressure of oxygen gas
b. changing the temperature
«c. using an appropriate catalyst
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14.3 You perform a series of experiments for the reaction
A — B+ C and find that the rate law has the form
rate = k[AJ". Determine the value of x in each of the
following cases: (a) There is no rate change when [A] is
tripled. (b) The rate increases by a factor of 9 when [A]
s tripled. (c) When [A] is doubled, the rate increases by
a factor of 8. [Section 14.3]
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29. The reaction
2NO(g) + Cl(g) — 2NOCI(g)

was studied at —10°C. The following results were obtained
where

_ _Afen)
A

a. What is the rate law?
b. What is the value of the rate constant?
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30. The reaction

21" (ag) + 8,04 (ag) — L(ag) + 250, (aq)
was studied at 25°C. The following results were obtained where
_Als,0¢7]

Rate = At

12.5%10°°

6.25x10°¢
6.25x10°¢
5.00 X 107°
7.00 x 106

a. Determine the rate law.

b. Calculate a value for the rate constant for cach experiment
and an average value for the rate constant.
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14.23 Areaction A + B —> C obeys the following rate law:
Rate = K[BP. (a) If [A] is doubled, how will the rate
change? Will the rate constant change? Explain
(b) What are the reaction orders for A and B? What is the
overall reaction order? (¢) What are the units of the rate
constant?
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34. The reaction

2NO(g) + 0,(g) — 2NO,(g)
‘was studied, and the following data were obtained where

_Alo)]
Ar

Rate =

1.00 x 10% 2.00 x 10
1.00 x 10% 1.80 x 10
2.50 x 10% 313 x 10V

‘What would be the al rate for an experiment where
[NOJ, = 6.21 X 10'® molecules/cm’ and [O,], = 7.36 X 10'®
‘molecules/cm®?
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14.27 Consider the following reaction:
CH3Br(ag) + OH™(aq) — CH3OH(ag) + Br(aq)
The rate law for this reaction is first order in CHzBr and
first order in OH™. When [CH3Br] is 5.0 X 107 M and
[OHTis 0.050 M, the reaction rate at 298 K is 0.0432 M/
(2) What is the value of the rate constant? (b) What
are the units of the rate constant? (c) What would hap-
pen to the rate if the concentration of OH™ were tripled?
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33. The reaction

1"(ag) + OCI"(ag) —> 10" (ag) + CI"(aq)
was studied, and the following data were obtained:

7.91%x 1072

3.95x 102
9.88 X 102
7.91%x 1072

a. What is the rate law?
b. Calculate the value of the rate constant.

c. Calculate the initial rate for an experiment where both I~
and OCI- are initially present at 0.15 mol/L.
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1431 The following data were measured for the reaction
BE;(g) + NHj(g) — F;BNH;(g):

Initial Rate

Experiment  [BF;l (M)  [NH;l (M) (M/s)
1 0.250 0.250 0.2130
2 0.250 0.125 0.1065
3 0200 0.100 0.0682
4 0350 0.100 0.1193
5 0.175 0.100 0.0596

(a) What is the rate law for the reaction? (b) What is the
overall order of the reaction? (c) What is the value of the
rate constant for the reaction? (d) What is the rate when

[BE;] = 0.100 M and [NHs] =

.500 M?
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[14.34] Consider the reaction of peroxydisulfate ion (5,05>7)
with iodide ion (I in aqueous solution:

$,05%(ag) + 3T (ag) — 25042 (ag) + 13 (aq)
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At a particular temperature the rate of disappearance
of 8,047 varies with reactant concentrations in the
following manner:

Initial Rate
Experiment  [S,0471 (M) (17T (M) (M/s)

1 0.018 0036 26 %107
2 0027 0036 39 x 107
3 0.036 0054 78 %10
4 0.050 0072 14x 107

(a) Determine the rate law for the reaction. (b) What s the
average value of the rate constant for the disappearance
of 5,05™ based on the four sets of data? (c) How is the
rate of disappearance of 505> related to the rate of dis-
appearance of 1”7 (d) What is the rate of disappearance of
I~ when [$,0577 = 0.025 Mand [I7] = 0.050 M?
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37. The decomposition of hydrogen peroxide was studied, and the
following data were obtained at a particular temperature:

Assuming that

_AH0,]
Ar

Rate =

determine the rate law, the integrated rate law, and the value of
the rate constant. Calculate [H,05] at 4000. s after the start of
the reaction.
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14.42 From the following data for the first-order gas-phase
isomerization of CH3NC at 215 °C, calculate the first-
order rate constant and half-life for the reaction:

Time (s) Pressure CHyNC (torr)
0 502
2,000 335
5,000 180
8,000 955
12,000 47

15,000 224
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38. A certain reaction has the following general form:
aA —> bB

At a particular temperature and [A]y = 2.00 X 10-2 M, con-

centration versus time data were collected for this reaction,

and a plot of In[A] versus time resulted in a straight line with
aslope value of —2.97 X 102 min .

a. Determine the rate law, the integrated rate law, and the
value of the rate constant for this reaction.

b. Calculate the half-life for this reaction.

. How much time is required for the concentration of A to
decrease to 2.50 X 107> M?
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1440 The first-order rate constant for the decomposition
of N2Os, 2 N;05(2) — 4 NOx(g) + Os(g), at 70°C is
6.82 % 1075 Suppose we start with 0.0250 mol of
N;05(g) in a volume of 2.0 L. (a) How many moles
of N;Os will remain after 5.0 min? (b) How many min-
utes will it take for the quantity of N;Os to drop to
0.010 mol? (¢) What is the half-life of N;O at 70 °C?
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39. The rate of the reaction

NO,(g) + CO(g) — NO(g) + CO,(g)

depends only on the concentration of nitrogen dioxide below
225°C. At a temperature below 225°C, the following data were
collected:

0
1.20 x 10*

3.00 x 10*
450 x 10*
9.00 x 10*
1.80 x 104

Determine the rate law, the integrated rate law, and the value
of the rate constant. Calculate [NO,] at 2.70 X 10¢ s after the
start of the reaction.
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1437 (a) The gas-phase decomposition of S0,Cl, SO;Cly(g)
— 50,(g) + Cly(g), is first order in SO,Cl,. At 600 K
the half-life for this process is 2.3 X 10°s. What is the
Tate constant at this temperature? (b) At 320 °C_ the rate
constant is 2.2 X 107s™!. What is the half-life at this
temperature?
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45. Experimental data for the reaction
A—sB+C
have been plotted in the following three different ways (with
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46. Consider the data plotted in Exercise 45 when answering the
following questions.
a. Whatis the concentration of A after 9 s?
b. What are the first three half-lives for this experiment?
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44. The rate of the reaction
Ofg) + NO,(g) —> NO(e) + Oy(e)
‘was studied at a certain temperature.
4. In one experiment, NO, was in large excess, at a concen-

tration of 1.0 10 molecules/cm” with the following
data collected:

‘What s the order of the reaction with respect to oxygen
atoms?
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b. The reaction is known to be first order with respect to NO.
‘Determine the overallrate law and the value of the rate.
constant.
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49. A certain first-order reaction is 45.0% complete in 65 s. What
are the values of the rate constant and the half-life for this

process?
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14.38 Molecular iodine, I(g), dissociates into iodine atoms at
625 K with a first-order rate constant of 0271s™
(2) What is the half-life for this reaction? (b) If you start
with 0.050 M I at this temperature, how much will re-
‘main after 5.12 s assuming that the iodine atoms do not
recombine to form I,?
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54. The rate law for the reaction
2NOBr(g) — 2NO(g) + Bry(e)
atsome temperature is

A[NOBr]
Ar

a. 1 the half-life for this reaction is 2.00 s when [NOBl,
0.900 M, calculate the value of k for this reaction.

b. How much time is required for the concentration of NOBr
1o decrease to 0.100 M?

Rate

= KNOBrF
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In a second experiment, which is performed at a much higher temperature, a sample of ethanol gas and a copper
catalyst are placed in a rigid, empty 1.0 L flask. The temperature of the flask is held constant, and the initial
concentration of the ethanol gas is 0.0100 M. The ethanol begins to decompose according to the chemical
reaction represented below.

CH,CH,0H(g) —5 CH;CHO(g) + Hy(g)

‘The concentration of ethanol gas over time is used to create the three graphs below.

0.0100 500 f 450§

0.0080 400 Y \

0.0060- 300

0.0040 200 A
100 T

0.0020

1[Ethanol]

o - 0 6.50,
0500 1000 1500 2000 0500 1000 1500 2000 0500 1000 1500 2000
ime (s) “Time (s) Time (s)
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Given that the reaction order is zero, one, or two, use the information in the graphs to respond to the
following.

(i) Determine the order of the reaction with respect to ethanol. Justify your answer.
(i) Write the rate law for the reaction.

(i) Determine the rate constant for the reaction, including units.
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59. Write the rate laws for the following elementary reactions.
a. CHNC(9)  CHCNG)
b 0,(¢) + NO(9) —0,(g) + NOL(e)
c 0,0)>0,9) + 0(e)
d. 04(g) + O(g) —20,(g)
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61. A proposed mechanism for a reaction is.
CHBr — CH, + Br- Stow

CHs' + H:0 —> CH,OH, " Fast

CHOH;* + H:0 —> CHOH + HO®  Fast

Write the rate law expected for this mechanism. What s the
overall balanced equation for the reaction? What are the inter-
‘mediates in the proposed mechanism?
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14.65 (a) Based on the following reaction profile, how many
intermediates are formed in the reaction A —> D?
(b) How many transition states are there? (¢) Which step
is the fastest? (d) Is the reaction A —> D exothermic or

endothermic?

D

Potential energy

Reaction pathway
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106. Most reactions occur by a series of steps. The energy profile for
a centain reaction that proceeds by a two-step mechanism is

A\

——— Reaction coordinate ——=

On the energy profile, indicate

a. the positions of reactants and products.

b the activation energy for the overall reaction.

AE for the reaction.

d. Which point on the plot represents the energy of the inter-
mediate in the two-step reaction?

. Which step in the mechanism for this reaction is rate
determining, the first or the second step? Explain.
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62. The mechanism for the gas-phase reaction of nitrogen diox-
ide with carbon monoxide to form nitric oxide and carbon
dioxide s thought to be

NO, + NO, —> NO, + NO  Slow

NO, + CO —> NO, + €O, Fast
‘Write the rate law expected for this mechanism. What s the
overall balanced equation for the reaction?
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14.64 What is the molecularity of each of the following ele-
mentary reactions? Write the rate law for each
(@ 2NO(g) — N;Oa(8)

CH,

AN
(b) HoC'— CHyfg) —> CHy—CH—CH(g)
(©) SOs(3) — SO,(g) + O(g)
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64. Draw a rough sketch of the energy profile for cach of the fol-
lowing cases:
a. AE = +10 kl/mol, E,
b. AE = —10 kl/mol, E,
. AE= =50 kl/mol, E,
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14.68 The decomposition of hydrogen peroxide is catalyzed
by iodide ion. The catalyzed reaction is thought to pro-
ceed by a two-step mechanism:

H,05(ag) + I(ag) — H,0() + 107(ag) (slow)
107(ag) + H305(aq) — HO(l) + Oa(g) + I(aq) ~(fast)

(@) Write the rate law for each of the elementary reac-
tions of the mechanism. (b) Write the chemical equation
for the overall process. (¢) Identify the intermediate, if
any, in the mechanism. (d) Assuming that the first step
of the mechanism is rate determining, predict the rate
law for the overall process.
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66. The activation energy for some reaction
Xa(g) + Yale) —> 2XY(g)

is 167 klfmol, and AE for the reaction is +28 KJ/mol. What is
the activation enerzy for the decomposition of XY?
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14.1 Consider the following graph of the concentration of a
substance over time. (@) s X a reactant or product of the
reaction? (b) Why is the average rate of the reaction
greater between points 1 and 2 than between points 2
and 37 [Section 14.2]

X

Time
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14.70 You have studied the gas-phase oxidation of HBr by Oy

4HBr(g) + O(g) —> 2H0(8) + 2 Brafg)

You find the reaction to be first order with respect to
HBr and first order with respect to Os. You propose the
following mechanism:

HBr(g) + 05(g) —> HOOBr(g)
HOOBr(3) + HBr(g) —> 2 HOBr(g)
HOBr(g) + HBr(g) — H0(g) + Bry(g)

(@) Indicate how the elementary reactions add to give
the overall reaction. (Hint: You will need to multiply the
coefficients of one of the equations by 2.) (b) Based on
the rate law, which step is rate determining? (¢) What
are the intermediates in this mechanism? (d) If you are
unable to detect HOBr or HOOBr among the products,
does this disprove your mechanism?
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75. One mechanism for the destruction of ozone in the upper atmo-
sphere is
04(g) + NO(g) —> NO,(g) + 0y(g)  Slow
NOJ(g) + 0(g) — NO(g) + Oulg) _ Fust
Overall reaction  O,(g) + O(2) — 20,(2)
. Which species is a catalyst?
. Which species is an intermediate?
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11499] The following mechanism has been proposed for the
gas-phase reaction of chloroform (CHCly) and chlorine:

Step 1: Cly(g) % 2CI(g) (fast)
Step2: Cl(g) + CHCly(g) — HCI(g) + CCly(g) (slow)
Step3: Cl(g) + CCly(g) == CCly (fast)

(a) What is the overall reaction? (b) What are the inter-
mediates in the mechanism? (c) What is the moleculari-
ty of each of the elementary reactions? (d) What is the
rate-determining step? (¢) What is the rate law predict-
ed by this mechanism? (Hint: The overall reaction order
is not an integer.)
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14.9 Consider the diagram below, which represents two
steps in an overall reaction. The red spheres are oxygen,
the blue ones nitrogen, and the green ones fluorine
(a) Write the chemical equation for each step in the reac-
tion. (b) Write the equation for the overall reaction.
(¢) Identify the intermediate in the mechanism. (d) Write
the rate law for the overall reaction if the first step is the
slow, rate-determining step. [Section 14.6]

] o
»+ -9 — O\DO<°

Q
29 — 29
o

<
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147 The following diagram shows the reaction profile of a
reaction. Label the components indicated by the boxes
[Section 14.5]

Potential energy

Reaction pathway
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12. The plot below shows the number of collisions with a particu-
ar energy for two different temperatures.

o

—Number of collsions =
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a. Which is greater, T; or 7,2 How can you tell?
. What does this plot tell us about the temperature of the
rate of a chemical reaction? Explain your answer.




image53.png
20. Consider the following energy plots for a chemical reaction
‘when answering the questions below.

Reactants

§
————— Reaction progress——
a. Which plot (purple or blue) is the catalyzed pathway?
How do you know?
b. What does AF, represent?

‘What does AE; represent?
d. Is the reaction endothermic or exothermic?
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4. One mechanism for the destruction of ozone in the upper atmosphere is:
0,,+NO ,—NO, , +0,,  Slow
NO, +0  —NO_+0,,  Fast
Overall reaction: 0,,+0,520,,

2. Which species s a catalyst?
b, Which species is an intermediate?
. Explain how the catalyst acts to influence the overall rate of reaction.
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6. Thereaction 2NO +Cl,, — 2NOCl, was performed and the following data was obtained:

Is the following mechanism consistent with the data? Explain fully.
NO +Cl, , <=>NOdl, , (fast,eq)
NOCl, , +NO, —2NOCl
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14.2 You study the rate of a reaction, measuring both the con-
centration of the reactant and the concentration of the
product as a function of time, and obtain the following
resuls;

Concentration

Time

What chemical equation is consistent with this data:
@A — B, BB — A @A —> 2B,
(d)B —> 2 A. Explain your choice. [Section 14.2]
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24. In the Haber process for the production of ammonia,
Na(g) + 3Ha(g) — 2NH(g)

what is the relationship between the rate of production of
ammonia and the rate of consumption of hydrogen?
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23. Consider the reaction
4PH,(g) — Py(g) + 6Ha(g)

I, in a certain experiment, over a specific time period, 0.0048
‘mole of PH; is consumed in a 2.0-L container each second of
reaction, what are the rates of production of Py and H, in this
experiment?
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14.20 For each of the following gas-phase reactions, write the
rate expression in terms of the appearance of each prod-
uct or disappearance of each reactant:

(@) 2H,0(g) — 2 Hy(g) + O(3)
(b) 250,(g) + Osfg) — 2505(2)
(©) 2NO(g) + 2 Hlg) — Nafg) + 2 Hy0(g)





