Examlette 2 - ANSWERS
MULTIPLE CHOICE QUESTIONS: only one choice is correct
1.  In the mechanism for the reaction  H2  +  I2 ( 2 HI , the rate determining step is I2 ( 2 I .
    Which of the following statements is true?

a) This elementary step is unimolecular.

b) This elementary step is bimolecular.

c) The rate law = k[I2]2
d) The rate law cannot be known without further data.

2. The reaction rate is constant for which of the following reactions?

a) a zeroth order reaction

b) a first order reaction

c) a second order reaction

d) no reaction rate is ever constant

3. The significance of the rate law for a reaction is that it

a) shows the stoichiometry of the reaction 

b) shows the molecularity of the rate determining step in the reaction mechanism

c) predicts if the reaction is spontaneous

d) all of the above

4. Enzymes are catalysts for biochemical reactions, such as the conversion reaction of sucrose to glucose and fructose.  This means that enzymes:

a) have no effect on the reaction mechanism.

b) decrease Ea for the reaction.

c) are consumed after each reaction.

d) can do none of the above. 

5.  For the reaction:  2 NO2 + O3 (  N2O5 + O2
      which of the following statements are true?



a) The rate law is:  rate= k[NO2]2[O3]



b) The reaction is third order.



c) The instantaneous reaction rate =  - d[NO2]/dt



d) none of the above

6. The mechanism for the reaction   2A  +  B  (  C

occurs in three steps with the indicated rate constants for individual steps:




i.    A (   D

k1 = 3 x 10 5 sec-1



ii.   D + B ( E
k2 = 1 x 10 -5 M-1sec-1



iii.  A + E (  C
k3 = 3 x 10 2 M-1sec-1
(a) Explain why the rate constants have different units.

Rate is ALWAYS expressed as change in concentration per change in time, DM/Dt. Therefore the units for the rate constant much change as the order of the rate law changes so that units cancel to give M-1sec-1 for the rate.

(b)  Draw a reaction coordinate for this reaction, labeling clearly all features of the plot.

7. Explain the difference between the rate of a reaction and the rate constant of a reaction.
The rate of a reaction give the change in concentration per time of one component, either a reactant or a product.

The rate constant is a useful way to compare rates among related reactions and is a proportionality constant between the reaction rate and the concentrations of species in the rate law.

8. What do the two plots shown below indicate about the rate law for the reaction A + B( C? 
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The left plot is linear when Ln [A] is plotted so the reaction is first order in A.

The right plot is linear when 1/[B] is plotted so the reaction is second order in B.

So the rate law is:  

Rate = k[A][B]2
9. Ammonia gas decomposes accordingt to the reaction 2 NH3 3 H2 + N2
This decomposition was studied in three experiments where either the metal tungsten was added (Exp#1), or the metal osmium was added (Exp#2) and compared to the reaction when no metal was present (Exp#3). The activation energy was obtained for the three experiments as listed in the Table below.

TABLE
Exp. #
             metal


Ea, kJ/mol




1

tungsten

163



2

osmium

197



3

no metal used

335 

a)  Describe the kind of kinetic experiments one performs to obtain activation energies from reaction rates.  

Activation energies can be obtained from kinetic experiments when the rates are measured as a function of changing initial concentrations at different temperatures.  

b) The activation energies for this decomposition reaction were compared with and without the metal surfaces. Under which reaction conditions will the decomposition rate be fastest and why?

The smallest Ea has the lowest activation energy barrier and consequently the fastest reaction so the decomposition is fastest on tungsten metal.
PROBLEMS

10. If the rate of a reaction increases by a factor of 2.5 for a temperature rise from 20o C to 30o C what is the activation energy in kJ/mol? 

Use:  
[image: image1.wmf]
ln 2.5 = -Ea/8.3145 x 10-3 kJ/mol K (1/303 -1/293) 
0.9163 x  (8.3145 x 10-3 kJ/mol K ) / 0.00011264 K =  Ea 

67.6 kJ/mol =  Ea

11.  The table below shows the change in initial rates of reaction as the initial concentrations of the reactants were varied.  

reaction:    BrO3- + 5Br- +6H+  3 Br2 + 3 H2O


[BrO3-]o 
[Br-]o  

[H+]o      
rateo [mol L-1sec-1]


________
______
____

_____


0.10

0.10

0.10

8.0 x 10-4


0.20

0.10

0.10

1.6 x 10-3

0.20

0.20

0.10

3.2 x 10-3

0.10

0.10

0.20

3.2 x 10-3

a) What is the rate law for the reaction?


rate = k[BrO3-][Br-][ H+]2

For the first row of data: 8.0 x 10-4 = k(0.10)( 0.10)( 0.10)2

And k = 8 M-3sec-1

b) What will the rate be if the initial concentrations are:



[BrO3-]o = 0.40 M,  [Br-]o = 0.20 M,  [H+]o  = 0.05 M?



Rate = 8 M-3sec-1(0.40)( 0.20)( 0.05)2
= 0.0016 M sec-1
12. The purple cobalt compound [Co(NH3)5Br]2+ reacts with water to form the red compound [Co(NH3)5(H2O)]3+ in a reaction that is first order in [Co(NH3)5Br]2+. 

reaction:   [Co(NH3)5Br]2+  +   H2O     [Co(NH3)5(H2O)]3+   +    Br-
(a) What is the rate law for this reaction?



Rate = k[Co(NH3)5Br2+]
(b) Define the rate of reaction for this reaction.



Rate = -d[Co(NH3)5Br2+] /dt
(c) If the initial concentration of [Co(NH3)5Br]2+  is 0.5 M and after 15 min the concentration of [Co(NH3)5Br]2+ is 0.25 M what is the rate constant for this reaction?

The time to have 50% left of the reactants is t1/2.

Since this is a first order reaction, can use half-life relationship:

 

ln [ (0.50M)/(0.25M)] = ln2 = 0.693 = k t1/2 
So:


0.693 = k (15 min) = 0.0462 min-1.

(d) How long will it take for the concentration of [Co(NH3)5Br]2+  to fall to 0.005 M?



ln [ (0.50M)/(0.005M)] = ln100 = 4.6 = k t = 0.0462 min-1 x t








t = 100 min
13. The table below presents experimental data for the reaction of A and B to form D.  The concentrations of four species in the reaction, A,B,C and D, were measured at the beginning of the reaction, t = 0 sec, and after one minute of reaction, at t = 60 sec.

Experiment 
time(sec)

[A], M

[B], M

[C], M

[D], M

#1

initial
0

5.00

2.00

1.00

0.00



after
60 sec

4.80

1.90

1.00

0.10

#2

initial
0

10.0

2.00

1.00

0.00



after
60 sec

9.60

1.90

1.00

0.20

#3

initial
0

5.00

4.00

1.00

0.00



after
60 sec

4.80

3.90

1.00

0.10
#4

initial
0

5.00

2.00

2.00

0.00



after
60 sec

4.80

1.90

2.00

0.20

a) Write a balanced equation for the reaction.


2A + B( D
b) What is the reaction order with respect to A, B, and C, and what is the overall reaction order?

First order in A, zero order in B, first order in C

c) Write the rate law.

Rate = k [A] [C] 

d) Is a catalyst involved in this reaction? Briefly justify your answer.

Yes: C is a catalyst (“C” for catalyst, tee hee!!) because its concentration affects rate but it is not consumed.

e) Calculate the rate constant for the formation of D.

D[D]/Dt = k [A] [C] 

0.10/60 = k (5.0M)(1.0M)

k = 3.33 x10-4 M-2 sec-1
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