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WORKSHEET: KINETICS PROBLEMS SORTED BY TYPES OF PROBLEMS

RATES OF REACTION

1. Give the relative rates of disappearance of reactants and formation of products for each of the following reactions.

a. 2 O3 (g) ( 3 O2 (g)
b. 2 HOF (g) ( 2HF (g) + O2 (g)
2. Experimental data are listed here for the reaction A( 2 B.

	Time (s)
	[B] (mol/L)

	0.00
	0.000

	10.0
	0.326

	20.0
	0.572

	30.0
	0.750

	40.0
	0.890


a. Prepare a graph from these data, connect the points with a smooth line, and calculate the rate of change of [B] for each 10 second interval from 0.0 to 40.0 s. Does the rate of change decrease from one time interval to the next? Suggest a reason for this result.
b. How is the rate of change of [A] related to the rate of change [B] in each time interval? Calculate the rate of change of [A] for the time interval from 10.0 to 20.0s.

c. What is the instantaneous rate when [B] = 0.750 mol/L?

3. For the reaction C(g) ( D(g), [C] vs. time is plotted:
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How do you determine each of the following?

a. The average rate over the entire experiment

b. The reaction rate at time x

c. The initial reaction rate

d. Would the values in parts a, b, and c be different if you plotted [D] vs. time? Explain.

4.  The Compound AX2 decomposes according to the equation 2AX2(g) ( 2AX(g) + X2(g). In one experiment, [AX2] was measured at various times and these data were obtained:

	Time (s)
	[AX2] (mol/L)

	0
	0.0500

	2.0
	0.0448

	6.0
	0.0300

	8.0
	0.0249

	10.0
	0.0209

	20.0
	0.0088


a. Find the average rate over the entire experiment.

b. Is the initial rate higher or lower than the rate in part a? Use graphical methods to estimate the initial rate.

5. Just as the depletion of stratospheric ozone today threatens life on Earth, its accumulation was one of the crucial processes that allowed life to develop in prehistoric times: 

3O2 (g) ( 2O3 (g)
a. Express the reaction rate in terms of [O2] and [O3].

b. At a given instant, the reaction rate in terms of [O2] is 2.17 x 10-5 mol/(L*s). What is it in terms of [O3]?
6. A reaction has the following experimental rate equation: Rate = k[A]2[B]. If the concentration of A is doubled and the concentration of B is halved, what happens to the reaction rate?

INITIAL RATES METHOD PROBLEMS
1. The reaction between ozone and nitrogen dioxide at 231 K is first order in both [NO2] and [O3]:
2NO2 (g) + O3 (g) ( N2O5 (s) + O2 (g)
a. Write the rate equation for the reaction.

b. If the concentration of NO2 is tripled, what is the change in the reaction rate?

c. What is the effect on reaction rate if the concentration of O3 is halved?

2. The data in the table are for the reaction of NO and O2 at 660 K.

2 NO (g) + O2 (g) ( 2 NO2 (g)
	[NO] (mol/L)
	[O2] (mol/L)
	Rate of Appearance of NO (mol/L * s)

	0.010
	0.010
	2.5 x 10^-5

	0.020
	0.010
	1.0 x 10^-4

	0.010
	0.020
	5.0 x 10^-5


a. Determine the order of the reaction for each reactant.

b. Write the rate equation for the reaction.

c. Calculate the rate constant.

d. Calculate the rate (in mol/L * s) at the instant when [NO] = 0.015 mol/L and [O2] = 0.0050 mol/L.

e. At the instant when NO is reacting at the rate 1.0 x 10^-4 mol/L * s, what is the rate at which O2 is reacting and NO2 is forming?

3. Data for the reaction 2 NO (g) + O2 (g) ( 2NO2 (g) are given in the table.

	Experiment
	[NO] (mol/L)
	[O2] (mol/L)
	Initial Rate (mol/L*h)

	1
	3.6 x 10^–4
	5.2 x 10^-3
	3.4 x 10^-8

	2
	3.6 x 10^-4
	1.04 x 10^-2
	6.8 x 10^-8

	3
	1.8 x 10^-4
	1.04 x 10^-2
	1.7 x 10^-8

	4
	1.8 x 10^-4
	5.2 x 10^-3
	?


a. What is the rate law for this reaction? 

b. What is the rate constant for the reaction?

c. What is the initial rate of the reaction in experiment 4?

4. For the reaction:

4A(g) + 3B(g) ( 2C(g)
The following data were obtained at constant temperature:

	Experiment
	Initial [A] (mol/L)
	Initial [B] (mol/L)
	Initial Rate (mol/(L*min)

	1
	0.100
	0.100
	5.00

	2
	0.300
	0.100
	45.0

	3
	0.100
	0.200
	10.0

	4
	0.300
	0.200
	90.0


a. What is the order with respect to each reactant?

b. Write the rate law. 

c. Calculate k (using, for example, the data from experiment 1).

5. The decomposition of ammonia is first order with respect to NH3.

2NH3 (g) ( N2 (g) + 3H2 (g)
a. What is the rate equation for this reaction?
b. Calculate the rate constant, k, given the following data:

	[NH3] (mol/L)
	Time

	0.67
	0

	0.26
	19


c. Determine the half-life of NH3.

PROBLEMS BASED ON INTEGRATION (using the Integrated Rate Laws Formula)

1. Ammonium cyanate, NH4NCO, rearranges in water to give urea, (NH2) 2CO:

NH4NCO (aq) ( (NH2)2CO (aq)
The rate equation for this process is Rate = k[NH4NCO]2, where k = 0.0113 L / mol * min. If the original concentration of NH4NCO in solution is 0.229 mol/L, how long will it take for the concentration to decrease to 0.180 mol/L?

2. The rate equation for the decomposition of N2O5 (giving NO2 and O2) is -([N2O5] / (t = k [N2O5]. The value of k is 5.0 x 10-4 s-1 for the reaction at a particular temperature.

a. Calculate the half-life of N2O5.

b. How long does it take for N2O5 concentration to drop to one tenth of its original value?

3. For the simple decomposition reaction AB(g) ( A(g) + B(g), rate = k[AB]2 and k = 0.2 L/(mol*s) How long will it take for [AB] to reach one-third of its initial concentration of 1.50 M?
PROBLEMS BASED ON INTEGRATION (using Graphical Methods)

1. Common sugar, sucrose, breaks down in dilute acid solution to form glucose and fructose, as shown below. Both products have the same formula, C6H12O6.

C12H22O11 (aq) + H2O (l) ( 2 C6H12O6 (aq)

The rate of this reaction has been studied in acid solution, and the data in the table were obtained.

	Time (min)
	[C12H22O11] (mol/L)

	0
	0.316

	39
	0.274

	80
	0.238

	140
	0.190

	210
	0.146


a. Graph In [sucrose] versus time and 1/[sucrose] versus time. What is the order of the reaction?

b. Write the rate equation for the reaction, and calculate the rate constant, k.

c. Estimate the concentration of sucrose after 175 min.

2. Gaseous [NO2] decomposes at 573 K according to the following reaction:
2 NO2 (g) ( 2 NO (g) + O2 (g)
The concentration of NO2 was measured as a function of time. A graph of 1/[NO2] versus time gives a straight line with a slope of 1.1 L/mol * s. What is the rate law for this reaction? What is the rate constant?

3. When heated, tetraflouroethylene dimerizes to form octaflourocyclobutane:
2 C2F4 (g) ( C4F8 (g)
To determine the rate of this reaction at 488 K, the data in the table were collected. Analysis was done graphically, as shown below:
	[C2F4] (M)
	Time (s)

	0.100
	0

	0.080
	56

	0.060
	150

	0.040
	335

	0.030
	520


Using the data in the table:

a. Decide whether the reaction is first order or second order.
b. Calculate k for this reaction.

PROBLEMS ON ACTIVATION ENERGY

1. When heated to a high temperature, cyclobutane, C4H8 decomposes to ethylene:

C4H8 (g) ( 2C2H4 (g)

The activation energy, Ea, for this reaction is 360 kJ/mol. At 800 K, the rate constant k=0.0315 s-1. Determine the value of k at 950 K.

2. The rate constant of a reaction is 4.50 x 10-5 L/(mol*s) at 195oC and 3.20 x 10-3 L/(mol*s) at 258oC. What is the activation energy of the reaction?
PROBLEMS ON REACTION MECHANISMS

1. A proposed mechanism for the reaction of NO2 and CO is

Step 1 (Slow, endothermic)

2NO2 (g) ( NO (g) + NO3 (g)
Step 2 (Fast, exothermic)

NO3 (g) + CO (g) ( NO (g) + CO2 (g)
Overall Reaction (Exothermic)

NO2 (g) + CO (g) ( NO (g) + CO2 (g)
a. Identify each of the following as a reactant, product, or intermediate: NO2 (g), CO (g), NO3 (g), CO2 (g), NO(g).

b. Draw a reaction coordinate diagram for this reaction. Indicate on this drawing the activation energy for each step and the overall reaction enthalpy.

2. Three mechanisms are proposed for the gas-phase reaction of NO with Br2 to give BrNO:

Mechanism 1


NO (g) + NO (g) + Br2 (g) ( 2BrNO (g)
Mechanism 2

Step 1 (Slow)
NO (g) + Br2 (g) (Br2NO (g)
Step 2 (Fast)
Br2NO (g) + NO (g) ( 2BrNO (g)
Mechanism 3

Step 1 (Slow)
NO (g) + NO (g) ( N2O2 (g)
Step 2 (Fast)
N2O2 (g) + Br2 (g) ( 2BrNO (g)
a. Write the balanced equation for the net reaction.

b. What is the molecularity for each step in each mechanism?

c. What are the intermediates formed in mechanisms 2 and 3?

d. Compare the rate laws that are derived from these three mechanisms. How could you differentiate them experimentally?

Answers:
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2.
a. The graph of [B] (product concentration) versus time shows [B] increasing from zero. The line is curved, indicating the rate changes with time; thus that the rate depends on concentration. Rates for the four 10-s intervals are as follows: from 0-10s, 0.032 mol/L*s; from 10-20s, 0.0246 mol/L*s; from 20-30s, 0.0178 mol/L*s; from 30-40s, 0.0140 mol/L*s
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 throughout the reaction. 
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c. Instantaneous rate when [B] = 0.750 mol/L
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3.
a. Calculate the slope of the line connecting (0, [C]o) and (tf, [C]f)- the negative of this slope is the average rate.


b. Calculate the negative of the slope of the tangent line at t = x


c. Calculate the negative of the slope of the tangent line at t = 0


d. If you plotted [D] vs. time, you would not need to take the negative of the slopes in a. – c.
4. 
a. 1.0 [image: image15.png]
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b. The initial rate is determined by the slope of the tangent to the curve at the point t = 0.

The initial rate is higher than the rate in part a. Initial rate = 4 [image: image19.png]
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b. 1.45 [image: image25.png]
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6.
The reaction rate doubles.
Initial Rates Method

1. 
a. Rate = k[NO2]​[O2]

b. If [NO2] is tripled, the rate triples.


c. If [O3] is halved, the rate is halved.

2. 
a. The reaction is second order in [NO] and first order in [O2]


b. [image: image29.png]_ ANO]
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 = k[NO]2[O2]

c. 25.0 M-2s-1
d. 2.81 X 10-5 M/s
e. When [image: image31.png]_ ANO]
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3. 
a. Rate = k[NO]2[O2]

b. k = 50. L2 / mol2 [image: image49.png]
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c. Initial rate = 8.42 [image: image51.png]
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4.
a. First order in [A], second order in [B].

b. Rate = k[A]2[B]


c. k = 5.00 [image: image55.png]
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5.
a. Rate = k[NH3]

b. k = 0.050 s-1

c. Half-life = 13.8 s
Integration
1. 105.2 min

2. a. 1386.3 s

b. 4605 s

       3. 6.67 s
Integration (Graph-based Problems)
1.
a. A graph of 1/[sucrose] versus time produces a straight line, indication that the reaction is    second order for [sucrose].


b. k = 0.0175 min-1

c. At 175 min, [sucrose] = 0.161M
2.
The graph of 1/[NO2] versus time gives a straight line, indicating the reaction is second order with respect to [NO2]. The slope of the line is k, so k = 1.1 [image: image59.png]mols




3.
a. A plot of 1/[conc] versus time is linear, so the reaction is second order.

b. Slope = k = 0.0446 [image: image61.png]mol-min




Activation Energy

1. 
k = 162 s-1
2.
Ea= 140. kJ/mol
Reaction Mechanisms

1.
a. NO2 (g) reactant, CO (g) reactant, NO3 (g) intermediate, CO2 (g) product, NO (g) intermediate


b. (draw the diagram)

2.
a. 2NO(g) + Br2 (g) ( 2 BrNO(g)

b. Mechanism 1 is termolecular, Mechanism 2 and 3 each have two bimolecular steps.


c. Br2NO is the intermediate in mechanism 2 and N​2O2 is the intermediate in mechanism 3.


d. Assuming step 1 in each mechanism is the slow step, the rate equations will all differ.


Mechanism 1 would be second order in NO and first order in Br2. Mechanism 2 would be first 


order in both NO and Br2. Mechanism 3 would be second order in NO and zero order in Br2. 


To find the right one, you could time the reaction at various reactant concentrations.

