Name  ___________________________

AP Chemistry Unit 4 Test Review
Directions: Each of the questions or incomplete state​ments below is followed by five suggested answers or completions.  Select the one that is best in each case and then blacken the corresponding space on the answer sheet.  

Questions 1-2 
H3AsO4 + 3 I– + 2 H3O+ [image: image1.wmf] H3AsO3 + I3– + H2O

The oxidation of iodide ions by arsenic acid in acidic aque​ous solution occurs according to the stoichiometry shown above. The experimental rate law of the reaction is:

Rate = k[H3AsO4] [I–] [H3O+]

1*.
What is the order of the reaction with respect to I–?

(A) 1
(C) 3
(E) 6

(B) 2
(D) 5

2*.
According to the rate law for the reaction, an in​crease in the concentration of hydronium ion, H3O+, has what ef​fect on this reaction?

(A)
The rate of reaction increases.

(B)
The rate of reaction decreases.

(C)
The value of the equilibrium constant in​creases.

(D)
The value of the equilibrium constant de​creases.

(E)
Neither the rate nor the value of the equilib​rium constant is changed.

3*.
2 A(g) + B(g)  ---> 2 C(g)

When the concentration of substance B in the reac​tion above is doubled, all other factors being held constant, it is found that the rate of the reac​tion re​mains un​changed. The most probable explanation for this ob​servation is that 

(A)
the order of the reaction with respect to sub​stance B is 1

(B)
substance B is not involved in any of the steps in the mechanism of the reaction

(C)
substance B is not involved in the rate–deter​mined step of the mechanism, but is involved in subsequent steps

(D)
substance B is probably a catalyst, and as such, its effect on the rate of the reaction does not de​pend on its concentration

(E)
the reactant with the smallest coefficient in the balanced equation generally has little or no ef​fect on the rate of the reaction

Questions 4-5 refer to the following:  The Raschig reaction produces the industrially important reducing agent hydrazine, N2H4, from NH3 and OCl- in basic, aqueous solution.  A proposed mechanism is:


Step 1:
NH3 + OCl- ( NH2Cl + OH-

(fast)


Step 2:
NH2Cl + NH3 ( N2H5+ + Cl-

(slow)


Step 3:
N2H5+ + OH- ( N2H4 + H2O

(fast)

4.  Which of the following represents the rate law expression for the Raschig reaction?


(A)  Rate = k[NH3]2

(B)  Rate = k
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(C)  Rate = k[NH2Cl]2[NH3]
(D)  Rate = k[NH3]2[OCl-]

(E) Rate = k[NH3][OCl-]

5.  Which of the following is an intermediate in the Raschig reaction?


(A) NH3

(C) OCl-

(E) N2H4

(B) N2H5+ 

(D) H2O 

6*.
Which of the following is a graph that describes the pathway of reaction that is endothermic and has high acti​vation energy?

a.
b.

[image: image3.wmf]Reaction Coordinate 

[image: image4.wmf]Reaction Coordinate 


c.
d.

[image: image5.wmf]Reaction Coordinate 

[image: image6.wmf]Reaction Coordinate 


e.

[image: image7.wmf]Reaction Coordinate 


7*.
rate = k[X]


For the reaction whose rate law is given above, a plot of which of the following is a straight line?

a. [X] versus time
d. [X] versus 1/time
b. log [X] versus time
e. log [X] versus 1/time
       c. 1/[X] versus time

8.  The balanced equation for the reaction of bromate ion with bromide in acidic solution is given by:



BrO3- + 5 Br- + 6 H+ ( 3 Br2 + 3 H2O

At a particular instant in time, the value of -([Br-]/(t is 2.0 x 10-3 mol/L s.  What is the value of ( [Br2]/ (t in the same units?


(A)  1.2 x 10-3

(C)  3.3 x 10-3

(E)  2.0 x 10-3

(B)  6.0 x 10-3

(D)  3.3 x 10-5
9.  The following data were obtained for the reaction of NO with O2.  Concentrations are in molecules/cm3 s.




[NO]0


[O2]0


Initial Rate



1 x 1018

1 x 1018

2.0 x 1016



2 x 1018

1 x 1018

8.0 x 1016



3 x 1018

1 x 1018

18.0 x 1016



1 x 1018

2 x 1018

4.0 x 1016



1 x 1018

3 x 1018

6.0 x 1016
Which of the following is the correct rate law?


(A)  Rate = k[NO][O2]

(C)  Rate = k[NO]2[O2]       (E)  Rate = k[NO]2[O2]2

(B)  Rate = k[NO][O2]2
(D)  Rate = k[NO]2
10.  The mechanism for the following reaction has 3 steps:



C4H9Br + 2 H2O ---> C4H9OH + Br- + H3O+
Mechanism:



1.  C4H9Br ---> C4H9+ + Br-



(slow)



2.  C4H9+ + H2O ---> C4H9OH2​+


(fast)



3.  C4H9OH2​+ + H2O ---> C4H9OH + H3O+

(fast)

The rate law predicted for this mechanism is


(A)  Rate = k[C4H9Br]


(D)  Rate = k[C4H9Br][C4H9+]


(B)  Rate = k[C4H9Br][H2O]2

(E)  Rate = k[C4H9OH2+][H2O]


(C)  Rate = k[C4H9+][Br-]

Questions 11-12

Step 1: Ce4+ + Mn2+ ( Ce3+ + Mn3+
Step 2: Ce4+ + Mn3+ ( Ce3+ + Mn4+
Step 3: Mn4+ + Tl+ ( Tl3+ + Mn2+
11*.
The proposed steps above are for a catalyzed reaction. The products of the overall catalyzed reaction are

(A)
Ce4+ and Tl+
(D)
Ce3+ and Tl3+
(B)
Ce3+ and Mn3+
(E)
Ce3+ and Mn4+
(C)   Tl3+ and Mn2+

12. What is the catalyst in the reaction?

(A) Ce4+
(B) Mn2+
(C) Mn4+
(D) Tl3+
(E) Ce3+ 

[image: image8.wmf]*.


13.  The energy diagram for the reaction X + Y ( Z is shown above. The addition of a catalyst to this re​action would cause a change in which of the indi​cated energy differences?

(A)
I only
(B)
II only

(C)
III only
(D)
I and II only

(E)
I, II, and III

14*.
The isomerization of cyclopropane to propylene is a first–order process with a half–life of 19 minutes at 500(C. The time it takes for the partial pressure of cyclopropane to decrease from 1.0 atmosphere to 0.125 atmosphere at 500(C is closest to

(A)
38 minutes
(B)
57 minutes

(C)
76 minutes
(D)
152 minutes

(E)
190 minutes

15©.  The rate-determining step of a reaction is the 


(A)  fastest step in the reaction.


(B)  first step in the reaction.


(C)  final step in the reaction.


(D)  step with the highest activation energy.

16©.

F2 (g) + 2ClO2 (g)  (  2 FClO2 (g)

The following data were obtained for the reaction above.  Use these data to determine the orders for the reactants F2 and ClO2.


[F2 (g)]/mol dm-3

[ClO2 (g)/mol dm-3
Rate/mol dm-3 s-1


0.1



0.01



1.2 x 10-3


0.1



0.04



4.8 x 10-3


0.2



0.01



2.4 x 10-3
Order of reaction



F2
ClO2

(A)
 1
 1


(B)
 1
 2


(C)
 2
 1


(D)  
 2
 4

Problems.  Solve the following in the space provided.

17.  1980 D

The decomposition of compound X is an elementary pro​cess that proceeds as follows:

X (g) 
[image: image9.wmf]¾
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 A (g) + B (g)
(H( = 15 kcal

The forward reaction is slow at room temperature but be​comes rapid when a catalyst is added.

(a)
Draw a diagram of potential energy vs reaction co​or​dinate for the uncatalyzed reaction. On this dia​gram label:

(1)
the axes

(2)
the energies of the reactants and the products

(3)
the energy of the activated complex

(4)
all significant energy differences

(b) On the same diagram indicate the change or changes that result from the addition of the catalyst. Explain the role of the catalyst in changing the rate of the reac​tion.

18.  1990 D

Consider the following general equation for a chemical re​action.

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

(a)
Describe the two factors that determine whether a col​lision between molecules of A and B results in a reac​tion.

(b)
How would a decrease in temperature affect the rate of the reaction shown above? Explain your an​swer.

(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)

(d)
Explain why a catalyst increases the rate of a reac​tion but does not change the value of the enthalpy change for that reaction.

19.  1998 B

Answer the following questions regarding the kinetics of chemical reactions.

(a) The diagram below shows the energy pathway for the reaction  O3 + NO ---> NO2 + O2.


Clearly label the following directly on the diagram.



(i)  The activation energy (Ea) for the forward reaction.



(ii) The enthalpy change (_H) for the reaction.



[image: image10.wmf]
(b)
The reaction 2 N2O5 ---> 4 NO2 + O2 is first order with respect to N2O5.



(i)  Using the axes below, complete the graph that represents the change in [N2O5] over time as the reaction proceeds.


[image: image11.wmf]


(ii)  Describe how the graph in (i) could be used to find the reaction rate at a given time, t.



(iii)  Considering the rate law and the graph in (i), describe how the value of the rate constant, k, could be determined.



(iv)  If more N2O5 were added to the reaction mixture at constant temperature, what would be the effect on the rate constant, k?  Explain.

(c) 
Data for the chemical reaction 2A ---> B + C were collected by measuring the concentration of A at 10 minute intervals for 80 minutes.  The following graphs were generated from analysis of the data.

[image: image12.wmf]

Use the information in the graphs above to answer the following.



(i)  Write the rate-law expression for the reaction.  Justify your answer.



(ii)  Describe how to determine the value of the rate constant for the reaction.

20.  Initial rate data have been determined at a certain temperature for the gaseous raction  2NO  +  2H2  --->  N2  +  2H2O.


[NO]0


[H2]0


Initial Rate  (M/s)


0.10


0.20



0.0150


0.10


0.30



0.0225


0.20


0.20



0.0600

a) Determine the form of the rate law.

b) Calculate the value of the rate constant, including units.

c) By what factor would each of the following change the rate of this reacion?

i) tripling the concentration of NO.

ii) halving (dividing in half) the concentration of H2.

iii) Doubling the concentrations of both NO and H2.

21.  The reaction  2NOBr  --->  2NO  +  Br2  exhibits the rate law



  Rate = 
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where k = 1.0 X 10-5 M-1 s-1 at 25°C.  

a. Write the integrated rate law for this reaction.

b. This reaction is run where the initial concentration of NOBr is 1.00 X 10-1 M.  How many seconds constitute one half-life for this experiment?
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