AP Chemistry






Free Response Practice Problems
Kinetics
Problem 1: (1972)

2 A + 2 B  C + D

The following data about the reaction above were obtained from three experiments:

	Experiment
	[A]
	[B]
	Initial Rate of Formation of C (mole.liter-1min-1)

	1
	0.60
	0.15
	6.310-3

	2
	0.20
	0.60
	2.810-3

	3
	0.20
	0.15
	7.010-4


(a)
What is the rate equation for the reaction? Rate = k [A]2[B]2
(b)
What is the numerical value of the rate constant k? What are its dimensions?0.78 L3/mol3 s-1
(c)
Propose a reaction mechanism for this reaction. OMIT
Problem 2: (1973 D)

Some alkyl halides, such as (CH3)3CCl, (CH3)3CBr, and (CH3)3CI, represented by RX are believed to react with water according to the following sequence of reactions to produce alcohols:


RX  R+ + X-
(slow reaction)


R+ + H2O  ROH + H+
(fast reaction)

(a)
For the hydrolysis of RX, write a rate expression consistent with the reaction sequence above. Rate = k [RX]
(b)
When the alkyl halides RCl, RBr, and RI are added to water under the same experimental conditions, the rates are in the order RI > RBr > RCl.


Construct properly labeled potential energy diagrams that are consistent with the information on the rates of hydrolysis of the three alkyl halides. Assume that the reactions are exothermic. The graph for RI should have the lowest activation energy.
Problem 3: (1990 D)
Consider the following general equation for a chemical reaction.

A(g) + B(g)  C(g) + D(g)       H reaction = -10 kJ

(a)
Describe the two factors that determine whether a collision between molecules of A and B results in a reaction. Energy and orientation
(b)
How would a decrease in temperature affect the rate of the reaction shown above? Explain your answer. A decrease in temperature would decrease the rate of the reaction-fewer particles would have necessary activation energy.
(c)
Write the rate law expression that would result if the reaction proceeded by the mechanism shown below.


A + B  [AB]
(fast)


[AB] + B  C + D
(slow)      rate = k [A][B]2
(d)
Explain why a catalyst increases the rate of a reaction but does not change the value of the equilibrium constant for that reaction. OMIT
Problem 4: (1981 B)
A(aq) + 2 B(aq)  3 C(aq) + D(aq)
For the reaction above, carried out in solution of 30C, the following kinetic data were obtained:

	Experiment
	Initial Conc. of Reactants

(mole.liter-1)
	Initial Rate of Reaction

(mole.liter-1.hr-1)

	
	Ao
	Bo
	

	1
	0.240
	0.480
	8.00

	2
	0.240
	0.120
	2.00

	3
	0.360
	0.240
	9.00

	4
	0.120
	0.120
	0.500

	5
	0.240
	0.0600
	1.00

	6
	0.0140
	1.35
	?


(a)
Write the rate-law expression for this reaction. Rate = k [A]2[B]
(b)
Calculate the value of the specific rate constant k at 30C and specify its units. 289 L2/mol2 hr-1
(c)
Calculate the value of the initial rate of this reaction at 30C for the initial concentrations shown in experiment 6. 0.0765 M hr--1
(d)
Assume that the reaction goes to completion. Under the conditions specified for experiment 2, what would be the final molar concentration of C? 0.18 M
Problem 5: (1991 B)
2 ClO2(g) + F2(g)  2 ClO2F(g)
The following results were obtained when the reaction represented above was studied at 25C.

	Experiment
	Initial [ClO2], (mol.L-1)
	Initial [F2], (mol.L-1)
	Initial Rate of Increase of [ClO2F],

(mol.L-1.sec-1)

	1
	0.010
	0.10
	2.410-3

	2
	0.010
	0.40
	9.610-3

	3
	0.020
	0.20
	9.610-3


(a)
Write the rate law expression for the reaction above. Rate = k [ClO2][F2]
(b)
Calculate the numerical value of the rate constant and specify the units. 2.4 L/mol sec-1
(c)
In experiment 2, what is the initial rate of decrease of [F2]? 4.8 x 10-3 M sec-1
(d)
Which of the following reaction mechanisms is consistent with the rate law developed in (a). Justify your choice.

I.
ClO2 + F2  ClO2F2

(fast)


ClO2F2  ClO2F + F

(slow)


ClO2 + F  ClO2F

(fast)

II.
F2  2 F
(slow)



2 (ClO2 + F  ClO2F)

(fast)

Mechanism I. The experimentally determined rate law matches the rate law of the slow step and the sum of the steps matches the overall balanced equation
Problem 6: (1994 B)
2 NO(g) +2 H2(g)  N2(g) + 2 H2O(g)
Experiments were conducted to study the rate of the reaction represented by the equation above. Initial concentrations and rates of reaction are given in the table below.

	
	Initial Concentration (mol/L)
	Initial Rate of Formation of N2

	Experiment
	[NO]
	[H2]
	(mol/L.min)

	1
	0.0060
	0.0010
	1.8 10-4

	2
	0.0060
	0.0020
	3.6 10-4

	3
	0.0010
	0.0060
	0.30 10-4

	4
	0.0020
	0.0060
	1.2 10-4


(a)
(i) Determine the order for each of the reactants, NO and H2, from the data given and show your reasoning. First order for H2  and 2nd order for NO

(ii) Write the overall rate law for the reaction. Rate = k [NO]2[H2]
(b)
Calculate the value of the rate constant, k, for the reaction. Include units. 5000 L2/mol2 min-1
(c)
For experiment 2, calculate the concentration of NO remaining when exactly one-half of the original amount of H2 had been consumed. 0.0050 M
(d)
The following sequence of elementary steps is a proposed mechanism for the reaction.


I.
NO + NO  N2O2

II.
N2O2 + H2  H2O + N2O


III.
N2O + H2  N2 + H2O


Based on the data presented, which of the above is the rate-determining step? Step II is the rate determining step.   Show that the mechanism is consistent with  
(i)
the observed rate law for the reaction, and

(ii)
the overall stoichiometry of the reaction.

Problem 7: (2002 D)
An environmental concern is the depletion of O3 in Earth's upper atmosphere, where O3 is normally in equilibrium with O2 and O. A proposed mecha​nism for the depletion of O3 in the upper atmo​sphere is shown below.

Step I
O3 + Cl  O2 + ClO

Step II
ClO + O  Cl + O2
(a) Write a balanced equation for the overall reaction represented by Step I and Step II above.

O3  + O  (  2O2
(b)
Clearly identify the catalyst in the mechanism above. Justify your answer. Cl – consumed and reproduced
(c)
Clearly identify the intermediate in the mechanism above. Justify your answer. ClO-produced and consumed
(d)
If the rate law for the overall reaction is found to be rate = k[O3] [Cl], determine the following.

(i)
The overall order of the reaction 2nd order
(ii)
Appropriate units for the rate constant, k        L/mol s-1
(iii) The rate-determining step of the reaction, along with justification for your answer Step I
Problem 8: (1997 B) We did this one in class
2 A + B  C + D

The following results were obtained when the reaction represented above was studied at 25C.

	Experiment
	Initial [A]
	Initial [B]
	Initial Rate of Formation of C (mol L-1 min-1)

	1
	0.25
	0.75
	4.310-4

	2
	0.75
	0.75
	1.310-3

	3
	1.50
	1.50
	5.310-3

	4
	1.75
	 ?
	8.010-3


(a)
Determine the order of the reaction with respect to A and to B. Justify your answer. 
(b)
Write the rate law for the reaction. Calculate the value of the rate constant, specifying units.

(c)
Determine the initial rate of change of [A] in Experiment 3.

(d)
Determine the initial value of [B] in Experiment 4.

(e)
Identify which of the reaction mechanisms represented below is consistent with the rate law developed in part (b). Justify your choice.

1.
A + B  C + M
Fast

M + A  D
Slow
2.
B  M
Fast equilibrium

M + A  C + X
Slow

A + X  D
Fast
3.
A + B  M
Fast equilibrium

M + A  C + X
Slow

X  D
Fast
Problem 9: (1992 D)  OMIT this question
H2(g) + I2(g)  2 HI(g)
For the exothermic reaction represented above, carried out at 298K, the rate law is as follows.

Rate = k[H2][I2]

Predict the effect of each of the following changes on the initial rate of the reaction and explain your prediction.

(a)
Addition of hydrogen gas at constant temperature and volume  
(b)
Increase in volume of the reaction vessel at constant temperature 
(c)
Addition of catalyst. In your explanation, include a diagram of potential energy versus reaction coordinate.

(d)
Increase in temperature. In your explanation, include a diagram showing the number of molecules as a function of energy.

Problem 10: (1975 B) OMIT
2 NO(g) + O2  2 NO2(g)
A rate expression for the reaction above is: 

-Δ[O2]/ Δ t = k[NO]2[O2]

(a)
For the reaction above, find the rate constant at 25C if the initial rate, as defined by the equation above, is 28 moles per liter-second when the concentration of nitric oxide is 0.20 mole per liter and the concentration of oxygen is 0.10 mole per liter.

