Chem 1B

Chapter 12 Exercises


Exercises #1:

1.
The following data show the concentration of N2O5 as a function of time in the following reaction:





2 N2O5(g)  (  4 NO2(g)  +  O2(g)
	Time (s)
	      0
	       50
	    100
	    200
	    300
	    400

	[N2O5] (mol/L)
	  0.1000
	  0.0707
	  0.0500
	  0.0250
	  0.0125
	  0.00625



(a) Calculate the average rates of the disappearance of N2O5 during: (i) the first 200 seconds;  (ii) the first 300 seconds;  (iii) the interval between 100 and 300 seconds. 


(Answer: rate of disappearance of N2O5 (mol/(L.s): (i) 3.75 x 10–4 ;  (ii) 2.92 x 10–4;  (iii) 1.88 x 10–4 )

(b) Calculate the average rates for the formation of NO2 and O2, respectively, during: (i) the first 200 seconds;  (ii) the first 300 seconds;  (iii) the interval between 100 and 300 seconds.


(Answer: rate of formation of NO2 (mol/(L.s): (i) 7.50 x 10–4;  (ii) 5.83 x 10–4;  (iii) 3.75 x 10–4 )



Rate of formation of O2 (mol/(L.s): (i) 1.88 x 10–4 ;  (ii) 1.46 x 10–4 ;  (iii) 9.38 x 10–5 )

(c) How long does it take: (i) for the first half of the concentration of N2O5 to decompose; (ii) for the second half (from 0.0500 to 0.0250 mol/L) of N2O5 to decompose, and (iii) for the third half (from 0.0250 to 0.0125 mol/L) of N2O5 to decompose?  (Answer: (i) 100 s;  (ii) 100 s;  (iii) 100 s)
(d) The time or period taken for one-half of the initial amount of reactant to be reacted is called what?


(Answer: half-life)
2.
The following data are obtained for the decomposition of nitrosyl bromide:





2 NOBr(g)  (  2 NO(g)  +  Br2(g)
	Time (s)
	     0.00
	   2.00
	   4.00
	   6.00
	   8.00
	   10.00

	[NOBr] (mol/L)
	  0.0100
	  0.0071
	  0.0055
	  0.0045
	  0.0038
	  0.0033



(a) Calculate the average rates for the disappearance of NOBr during the first 2.00 seconds, 4.00 seconds, and 8.00 seconds, respectively.  

(Answer: 1.45 x 10–3;  1.13 x 10–3, and 7.75 x 10–4 mol/(L.s), respectively)

(b) What can you conclude regarding the average rates for a reaction in relation to the length of time the reaction has progressed? Provide an explanation why the average rates are different for different time intervals. 

3.
Consider the following reaction:



2 KMnO4(aq)  +  16 HCl(aq)  (  2 MnCl2(aq)  +  2 KCl(aq)  +  5 Cl2(g)   +  8 H2O(l) 


(a) If the rate for the disappearance of KMnO4 over a given reaction interval is R mol/(L.s), what is the rate for formation of Cl2 (in term of R) over the same period? (b) What is the rate of the disappearance of HCl (in term of R) over the same period? (Answer: (a) 2.5 R;  (b) 8 R mol/(L.s)
Exercise #2:
Rate   Laws
1.
The following data were obtained for the initial rate of disppearance of nitrogen monoxide, NO, at different concentrations of reactants.



2NO(g)  +  H2(g)  (  N2(g)  +  2H2O(g) 


—————————————————————————— 


Expt.#
   [NO]
(M)
[H2] (M)
Initial Rate (mol/L.s)

——————————————————————————


1
   0.10

0.10

 1.23 x 10-3 



2
   0.10

0.20

 2.46 x 10-3 



3
   0.20

0.10

 4.92 x 10-3 


——————————————————————————

(a) Determine the rate order with respect to [NO] and [H2], respectively. 

(b) What is the rate law for this reaction?  (c) Calculate the rate constant for the reaction. 

(d) Calculate the initial rate when [NO] = 0.30 M and [H2] = 0.15 M.


(Answer: (a) 2nd order w.r.t. [NO] and 1st order w.r.t. [H2];  (b) Rate = k[NO]2[H2];



(c) k = 1.23 L2/(mol2.s);  (d) rate = 1.66 x 10–2 mol/(L.s)
2.
The kinetic study for the reaction:  2ClO2(aq)  +  2OH-(aq)  (  ClO3-(aq)  +  ClO2-(aq)  as carried out at a certain temperature with the following results:


——————————————————————————


Expt.#
[ClO2] (M)
[OH-] (M)
Initial Rate (M/s)


——————————————————————————


  1
 0.020

 0.030

 0.00276


  2
 0.060

 0.030

 0.0248


  3
 0.020

 0.090

 0.00828


——————————————————————————


(a) Determine the rate law for the reaction.  (b) Calculate the rate constant.  (c) Calculate the initial rate when [ClO2] = 0.010 M and [OH-] = 0.015 M.

 
(Answer: (a) Rate = k[ClO2]2[OH–];  (b) k = 230 L2 ·mol–2 ·s–1;  (c) ratei = 3.45 x 10–4 mol/(L.s)
3.
Consider the reaction of peroxydisulfate ion (S2O82-) ith iodide (I-) in aqueous solution:



S2O82-(aq)  +  3I-(aq)  (  2SO42-(aq)  +  I3-(aq) 

At a particular temperature the rate of disappearance of S2O82- varies with reactant concentrations in the following manner:


——————————————————————————


Expt.#
[S2O82-] (M)
[I-] (M)

Initial Rate (M/s)


——————————————————————————


  1
 0.018

0.036

2.6 x 10-6 


  2
 0.027

0.036

3.9 x 10-6 


  3
 0.036

0.054

7.8 x 10-6 


  4
 0.050

0.072

1.4 x 10-5 


——————————————————————————


(a) Determine the rate law for the reaction. (b) What is the average value of rate constant for the disappearance of S2O82- based on the four sets of data?  (c) How is the rate of disappearance of S2O82- related to the rate of disappearance of I-? (d) What is the rate of disappearance of I- when [S2O82-] = 0.015 M and [I-] = 0.040 M?

(Answer: (a) Rate = k[S2O82–][I–];  (b) k = 3.98 x 10–3 L/mol.s;  




(c) [I–] decreases 2 times as fast as [S2O82–];  (d) 4.78 x 10–6 mol/(L.s)
4.
The reaction of water with CH3Cl in acetone as solvent is represented by the following equation:




CH3Cl  +  H2O  (  CH3OH  +  HCl


The rate of the reaction doubles when the concentration of CH3Cl is doubled and it quadruples when the concentration of H2O is doubled.


(a) What is the rate law for this reaction?  (b) What is the unit for its rate constant k ?

(c) Calculate k if CH3OH is formed at a rate of 1.50 mol/L·s when [CH3Cl] = [H2O] = 0.20 M.


(Answer: (a) Rate = k[CH3Cl][H2O]2;  (b) Unit for k = L· mol-1 · s-1;
  (c) k = 190 L· mol-1 · s-1)
5.
A study of the oxidation of nitrogen monoxide at 25oC yields the following results:




2NO(g)  +  O2(g)  (  2NO2(g) 


—————————————————————————

Expt.#
[NO], (M)
[O2], (M)
Initial Rate, (M/s) 

—————————————————————————


  1
4.5 x 10-2 
2.2 x 10-2 
8.0 x 10-3 


  2
4.5 x 10-2 
4.5 x 10-2 
1.60 x 10-2 


  3
9.0 x 10-2 
9.0 x 10-2 
1.28 x 10-1 


  4
2.5 x 10-1 
3.5 x 10-1 
   ?


——————————————————————————


(a) What is the experimental rate law for the reaction above?


(b) What is the initial rate of the reaction in Experiment 4?


(Answer: (a) Reaction is second order w.r.t. NO and first order w.r.t. O2 and rate law is 




Rate = k[NO]2[O2];  k = 180 L· mol-1 · s-1;  (b) Initial rate = 3.9 mol/(L.s)
6.
The following data show the concentration of N2O5 as a function of time during its decomposition according to the following reaction:





2 N2O5(g)  (  4 NO2(g)  +  O2(g)
	Time (s)
	      0
	       50
	    100
	    200
	    300
	    400

	[N2O5] (mol/L)
	  0.1000
	  0.0707
	  0.0500
	  0.0250
	  0.0125
	  0.00625



(a) What is the half-life for this reaction?  (b) What percentage of the original N2O5 still remains after four half-life period?  (c) Is the decomposition of N2O5 a first order or second order reaction? Explain your reasoning.  (d) How long does it take for 90.0% of N2O5 to decompose under the same temperature?

7.
At a certain moment in the reaction: 2N2O5 ( 4NO2 + O2, N2O5 is decomposing at a rate of 2.5 x 10-6 mol(L-1(s-1. What are the rate of formation of NO2 and O2?
Exercise #3
1.
The reaction of thioacetamide with water occurs as follows:




CH3CSNH2(aq)  +  H2O  (  H2S(g)  +  CH3CONH2(aq)

The rate law for this reaction is given as  Rate = k[H3O+][CH3CSNH2]


Consider one liter of solution that is 0.20 M in CH3CSNH2 and 0.15 M in HCl at 25oC.

(a)
For each of the changes listed below, state whether the rate of reaction increases, decreases, or remains the same. Explain your reasoning.


(i) A 4-g sample of NaOH is added to the solution


(ii) 500 mL of water is added to the solution.


(iii) The 0.15-M HCl is replaced by 0.15-M acetic acid solution.

(b) 
For each of the following changes listed below, state whether the value of k will increase, decrease, or remain the same. Explain your reasoning.


(i)  A catalyst is added to the solution.


(ii) The reaction is carried out at 15oC instead of 25oC.


(iii) The concentration of CH3CSNH2 is doubled.

2.
The decomposition of formic acid at 550oC follows first-order kinetics:




HCOOH(g)   (  CO2(g)  +  H2(g)

At 560oC the rate constant, k = 1.06 x 10-3 s-1. What is the half-life for this reaction? How long does it take for 90.0% of  the original amount of formic acid to decompose?

Rate Constants and Activation Energy

3.
The decomposition of N2O5 has an activation of 103 kJ/mol and a frequency factor of 4.3 x 1013 s-1. What is the rate constant for this decomposition at (a) 20oC and (b) 100oC?
4.
The rate constant of a certain reaction is 4.5 x 10-3 s-1 at 25oC and 1.8 x 10-2 s-1 at 50oC. (a) Calculate the activation energy for this reaction. Calculate the rate constant k at 75oC, assuming that activation energy remains constant. (R = 8.314 J/mol.K)

5.
At 35oC, the rate constant for the reaction:  C12H22O11  +  H2O  (  C6H12O6  +  C6H12O6 

is k = 6.2 x 10-5 s-1. The activation energy for this reaction is 108 kJ/mol. What is the rate constant for the reaction at 45oC?
6.
The reaction: CO(aq) + H2O (  H2CO3(aq)  has k = 3.75 x 10-2 s-1 at 25oC and k = 2.1 x 10-3 s-1 at 0oC. What is the activation energy for this reaction in kJ/mol?

7.
The decomposition of NOCl,  2NOCl  (  2NO  +  Cl2, has k = 9.3 x 10-5 L.mol-1.s-1 at 100oC and k = 1.0 x 10-3 L.mol-1.s-1 at 130oC. What is the activation energy Ea for this reaction in kJ/mol. Use the data at 100oC to calculate the frequency factor.
8.
Archaeologists can determine the age of artifacts made from wood or bone by measuring the amount of radioactive isotope 14C present in the object. The rate of radioactive decay follows a first-order kinetic. Suppose that an ancient utensil was found to show 40.0% of the original 14C activity at the time it was discovered. Determine the age of the tool at the time it was discovered. (14C has a half-life of 5730 years)

9.
The decomposition of SO2Cl2, SO2Cl2 (  SO2  +  Cl2, has a first-order rate constant k = 2.2 x 10-5 s-1 at 320oC. If the initial SO2Cl2 concentration in a container is 0.0050 M, what will its concentration be (a) after 1.00 hr, (b) after 1.00 day (24 hours)?

10.
The age of wine can be determined by measuring the trace amount of radioactive tritium, 3H, present in a sample. Tritium is formed from hydrogen in water vapor in the upper atmosphere by cosmic bombardment, so all naturally occurring water contains a small amount of this isotope. Once the water is in a bottle of wine, however, the formation of additional tritium from the water is negligible, so the tritium initially present gradually diminishes by a first-order radioactive decay with a half-life of 12.5 years. If a bottle of wine is found to have a tritium concentration that is 0.100 that of freshly bottled wine (i.e. [3Ht] = 0.100[3H]0), what is the age of the wine?
Exercise #4:
Reaction Mechanism
1.
A reaction has the following mechanism:


Step-1:
2NO  ⇄  N2O2


(fast, equilibrium)



Step-2:
N2O2 +  H2  (  N2O  +  H2O;
(slow)



Step-3:
N2O  +  H2  (  N2  +  H2O;
(fast)


(a) Write the overall equation.


(b) Identify all reaction intermediates.


(c) What is the molecularity of each step? 

(d) Derive the rate law for the overall reaction
2.
For the reaction:  NO2(g)  +  CO(g)  (  NO(g)  +  CO2(g),  the rate law is  Rate = k[NO2]2.  Which of the following proposed mechanisms is consistent with the experimental rate law? Explain.


One-step mechanism:  NO2  +  CO  (  NO  +  CO2;


Two-step mechanism #1:  Step-1:
NO2  +  NO2  (  NO3  +  NO;
(slow)





             Step-2:
NO3  +  CO  (  NO2  +  CO2;
(fast)


Two-step mechanism #2:  Step-1:
NO2  +  NO2  ⇄  NO3 +  NO;
  (fast, equilibrium)





             Step-2:
NO3  +  CO  (  NO2  +  CO2;
(slow)

3.
The following mechanism has been proposed for the reaction between NO and Br2:


Step-1:
  NO  +  NO  ⇄  N2O2

(fast, equilibrium)



Step-2:
  N2O2 +  Br2  (  2NOBr;
(slow)

(a) Write the overall equation

(b) Derive the rate law for this reaction.

4.
Consider the following mechanism:



Step-1:
 (CH3)3C-Br   
(  (CH3)3C+  +  Br-;

(slow)



Step-2:
 (CH3)3C+ +  OH-  (  (CH3)3C-OH;

(fast)


(a) What is the molecularity of the rate-determining step?

(b) Write the overall equation?


(c) Identify the reaction intermediate.


(d) Write the rate law for the overall reaction.

5.
Consider the following proposed mechanism:



Step-1:
  2NO  (  N2O2 



Step-2:
 N2O2 +  O2  (  2NO2 



Step-3:  2[NO2 + SO2 (  NO +  SO3]


(a) Write the overall equation.


(b) Identify the reaction intermediates.


(c) Identify the catalyst in this reaction.

6.
Urea, (NH2)2CO, can be prepared by heating ammonium cyanate, NH4OCN.




NH4OCN  (  (NH2)2CO


This reaction may occur by the following mechanism:


Step-1:
       NH4OCN  ⇄  NH3 +  HOCN
(fast, equilibrium)


Step-2:
NH3  +  HOCN  (  (NH2)2CO

(slow)


Derive a rate law for the above reaction.
7.
If the reaction NO2  +  CO  (  NO  +  CO2 occurs by a one-step collisional process, what would be the expected rate law for the reaction? The actual rate law is Rate = k[NO2]2. Could the reaction actually occur by a one-step collision between NO2 and CO? Explain. Propose a possible mechanism that would be agreeable with the rate law.
Marathon Problem:
8.
Formic acid decomposes in the gas phase at elevated temperature as follows:



HCOOH(g)  (  CO2(g)  +  H2(g) 


The decomposition reaction was determined to be first order with a half-life of 650 s at 838 K. However, when the reaction is carried out in the presence of a small amount of solid ZnO, the half-life was 94 s at the same temperature.

(a) Calculate the rate constant, k, for the decomposition of formic acid at 838 K in the absence and presence of solid ZnO. What is the role of solid ZnO in the decomposition of formic acid vapor?


(b) The progress of the reaction as followed by measuring the partial pressure of formic acid vapor as a function of time. Suppose that, instead, we plotted the concentration of formic acid in units of mol/L against time. What effect would this have had on the calculated value of k?


(c) If the initial pressure of formic acid were 3.00 x 102 torr, what is the pressure in the system at the end of the reaction? (Assume constant temperature and ideal gas behavior.)  If the volume of the reaction chamber is 436 cm3, how many moles of gas occupy the reaction chamber at the end of the reaction?  


(d) The standard enthalpy of formation of formic acid vapor is Hof = -378.6 kJ/mol. Calculate Ho for the overall reaction. Assuming that the activation energy (Ea) for the reaction is 184 kJ/mol, sketch an approximate energy profile for the reaction, and label Ea, Ho, and the transition state. 


3

