GENERAL CHEMISTRY II

CHEM 1312
Some Kinetic Practice Problems

1.
Hydrogen peroxide, H2O2, decomposes rapidly in the presence of iodide ions.  The balanced chemical equation for the reaction is








I- 





H2O2(aq)   ---------->   H2O(l)   +   ½O2(g)



In a study of this reaction, the following data was obtained:




Time (seconds)



[H2O2]  (mol L-1)






0

0.882





180

0.458





360

0.236





540

0.120



What is the average rate of reaction over the time interval 0 seconds to 180 seconds?





a) 1.23 x 10-4 mol L-1 s-1

b) 4.08 x 10-4 mol L-1 s-1




c) 6.44 x 10-4 mol L-1 s-1

d) 8.91 x 10-4 mol L-1 s-1




e) 2.36 x 10-3 mol L-1 s-1

2.
For the reaction in problem 1, what is the average rate of reaction over the time interval 360 seconds to 540 seconds?





a) 1.23 x 10-4 mol L-1 s-1

b) 4.08 x 10-4 mol L-1 s-1




c) 6.44 x 10-4 mol L-1 s-1

d) 8.91 x 10-4 mol L-1 s-1




e) 2.36 x 10-3 mol L-1 s-1

3.
The data collected for the H2O2 reaction (see table in problem 1) indicate that





a) H2O2 decomposes at a faster rate when the concentration is higher





b) H2O2 decomposes at a faster rate when the concentration is lower





c) H2O2 decomposes at a constant rate, regardless of the concentration


4.
Consider the hypothetical reaction




A(g)   +   B(g)   ---------->  C(g)



for which the following initial rate data has been obtained:



Expt. #
                  [A]initial  
        [B]initial

Initial Rate




1

0.00116 mol L-1
0.00223 mol L-1
2.06 x 10-6 mol L-1 s-1



2

0.00348 mol L-1
0.00223 mol L-1
6.18 x 10-6 mol L-1 s-1



3

0.00116 mol L-1
0.00446 mol L-1
4.12 x 10-6 mol L-1 s-1


Based on the above data, what is the order of the reaction with respect to substance A?





a) 0

b) 1
c) 2
d) 3
e) 4


5.
Referring back to the reaction and initial rate data in problem 4, what is the order of the reaction with respect to substance B?





a) 0

b) 1
c) 2
d) 3
e) 4


6.
What is the overall order of the reaction in problem 4?





a) 0

b) 1
c) 2
d) 3
e) 4


7.
Referring back to the reaction and initial rate data in problem 4, what is the numerical value of the rate constant?





a) 0.253
b) 0.388
c) 0.541
d) 0.796
e) 0.998


8.
What are the units of the rate constant for the reaction in problem 4?





a) mol L-1 s-1

b) mol-1 L s-1

c) mol2 L-2 s-1




d) mol-2 L2 s-1

e) mol3 L-3 s-1

9.
Is the reaction in problem 4 an elementary reaction?





a) definitely yes
b) definitely no





c) it can not be determined from the information available on this exam


10.
For the reaction in problem 4, what would the rate of reaction be if the concentration of substance A was 0.00559 mol L-1 and the concentration of substance B was 



0.00793 mol L-1?





a) 2.81 x 10-6 mol L-1 s-1
b) 5.22 x 10-6 mol L-1 s-1
c) 8.23 x 10-6 mol L-1 s-1 





d) 3.53 x 10-5 mol L-1 s-1
e) 6.75 x 10-5 mol L-1 s-1

11.
Consider the hypothetical reaction




D(g)   +   3E(g)   ---------->  2F(g)



for which the following initial rate data has been obtained:



Expt. #
                  [D]initial  
        [E]initial

Initial Rate




1

0.00157 mol L-1
0.00403 mol L-1
1.21 x 10-6 mol L-1 s-1



2

0.00314 mol L-1
0.00403 mol L-1
4.84 x 10-6 mol L-1 s-1



3

0.00157 mol L-1
0.00806 mol L-1
2.42 x 10-6 mol L-1 s-1


Based on the above data, what is the order of the reaction with respect to substance D?





a) 0

b) 1
c) 2
d) 3
e) 4


12.
Referring back to the reaction and initial rate data in problem 11, what is the order of the reaction with respect to substance E?





a) 0

b) 1
c) 2
d) 3
e) 4


13.
What is the overall order of the reaction in problem 11?





a) 0

b) 1
c) 2
d) 3
e) 4


14.
Referring back to the reaction and initial rate data in problem 11, what is the numerical value of the rate constant?





a) 122

b) 383
c) 582
d) 745
e) 912


15.
What are the units of the rate constant for the reaction in problem 11?





a) mol L-1 s-1

b) mol-1 L s-1

c) mol2 L-2 s-1




d) mol-2 L2 s-1

e) mol3 L-3 s-1

16.
Is the reaction in problem 11 an elementary reaction?





a) definitely yes
b) definitely no





c) it can not be determined from the information available on this exam


17.
For the reaction in problem 11, what would the rate of reaction be if the concentration of substance D was 0.00100 mol L-1 and the concentration of substance E was 



0.00208 mol L-1?





a) 1.41 x 10-7 mol L-1 s-1
b) 2.53 x 10-7 mol L-1 s-1
c) 4.23 x 10-6 mol L-1 s-1




d) 6.32 x 10-6 mol L-1 s-1
e) 3.17 x 10-5 mol L-1 s-1

18.
If a reaction of the form





aA(g)   ---------->   products



is zero order, which of the following is true?





a)
The half life is independent of the initial concentration of substance A





b)
A plot of [A]t on the Y-axis against t on the X-axis gives a straight line with a






positive slope





c)
The rate of reaction is constant – it does not vary with the concentration of 






substance A





d)
 The larger the initial concentration of substance A, the shorter the half life





e)
A plot of ln [A]t on the Y-axis against t on the X-axis gives a straight line with a






negative slope


19.
If a reaction of the form





aA(g)   ---------->   products



is first order, which of the following is true?





a)
A plot of [A]t​ on the Y-axis against t on the X-axis gives a straight line with a






positive slope





b)
A plot of [A]t on the Y-axis against t on the X-axis gives a straight line with a






negative slope





c)
A plot of ln [A]t on the Y-axis against t on the X-axis gives a straight line with a






positive slope





d)
A plot of ln [A]​t on the Y-axis against t on the X-axis gives a straight line with a






negative slope





e)
A plot of 1/[A]t on the Y-axis against t on the X-axis gives a straight line with a






positive slope


20.
If a reaction of the form





aA(g)   ---------->   products



is second order, which of the following is true?





a)
A plot of [A]t​ on the Y-axis against t on the X-axis gives a straight line with a






positive slope





b)
A plot of [A]t on the Y-axis against t on the X-axis gives a straight line with a






negative slope





c)
A plot of ln [A]t on the Y-axis against t on the X-axis gives a straight line with a






positive slope





d)
A plot of ln [A]​t on the Y-axis against t on the X-axis gives a straight line with a






negative slope





e)
A plot of 1/[A]t on the Y-axis against t on the X-axis gives a straight line with a






positive slope


21.
If a reaction of the form





aA(g)  ---------->   products



is first order, which of the following is true?





a)
The rate of reaction is constant – it does not vary with the concentration of






substance A





b)
The half life is independent of the initial concentration of substance A





c)
Both of the above statements are true for first order reactions





d)
None of the above is true for first order reactions


22.
For a reaction of the form





aA(g)   ---------->   products



how is the half life related to the initial concentration of substance A?





a)
In all cases, the larger the initial concentration of substance A, 






the longer the half life will be.  This is true for all reaction orders.





b)
In all cases, the larger the initial concentration of substance A,






the shorter the half life will be.  This is true for all reaction orders.





c)
In all cases, the initial concentration of substance A and the half life






are independent of each other.  The reaction will have the same half life,






regardless of the initial concentration of substance A.  This is true for






all reaction orders.





d)
The relationship between half life and initial concentration of substance A






depends on the order of the reaction.  Therefore, the relationship between the






half life and the initial concentration of substance A can not be described unless






the order of the reaction is known.


23.
For a reaction of the form





aA(g)   ---------->   products



how is the half life related to the reaction rate constant?





a)
In all cases, the larger the rate constant, the longer the half life will be.






This is true for all reaction orders.





b)
In all cases, the larger the rate constant, the shorter the half life will be.






This is true for all reaction orders.





c)
In all cases, the half life and the rate constant are independent of each other.






The reaction will have the same half life, regardless of its rate constant.






This is true for all reaction orders.





d)
The relationship between half life and rate constant depends on the order of the






reaction.  Therefore, the relationship between the half life and the rate constant






can not be described unless the order of the reaction is known.


24.
True or False: Since the half life is the time required for the reactant concentration to be reduced to one half of its original value, the reactant concentration will be reduced to zero in 2 half lives.





a) True


b) False


25.
The decomposition of ethylene oxide, (CH2)2O, is described by the following equations:





(CH2)2O(g)   ---------->   CH4(g)   +   CO(g)





R  =  k [(CH2)2O]



This reaction has a rate constant of 1.19 x 10-8 s-1 at 252 oC and 2.00 x 10-4 s-1 at 379 oC.  What is the activation energy of this reaction?  Note:  R = 8.3145 J / K mol and Kelvin temperature is calculated by adding 273.15 to the Celsius temperature.





a) 54.8 kJ/mol

b) 91.5 kJ/mol

c) 145 kJ/mol





d) 218 kJ/mol

e) 324 kJ/mol


26.
For the reaction in problem 25, what is the rate constant when the temperature is 130 oC?  Hint: Use either of the temperature / rate constant pairs given in problem 25, along with the activation energy you found in that problem, to calculate the rate constant at 130 oC.



Note: This calculation is somewhat susceptible to round-off error.  You may need to use the unrounded value of activation energy from problem 25 to exactly match one of the answers.  If you can match one of the answers within 2 significant figures, you probably have the correct answer.





a) 3.23 x 10-15 s-1
b) 4.66 x 10-13 s-1
c) 1.03 x 10-11 s-1




d) 4.70 x 10-9 s-1
e) 9.91 x 10-9 s-1 


27.
What is the order of the reaction in problem 25?





a) zero order

b) first order

c) second order


28.
 If the reaction in problem 25 begins with the (CH2)2O at an initial concentration of 



0.00219 mol L-1 at 379 oC (at which temperature the rate constant is 2.00 x 10-4 s-1), what is the half life of the reaction?





a) 11.5 minutes
b) 27.8 minutes
c) 57.8 minutes





d) 74.1 minutes
e) 93.2 minutes


29.
Referring back to problem 28, if the temperature had been 252 oC instead of 379 oC, how would the half life have been different?





a)
It would not have been different.  Half life does not depend on temperature, so






the half life would be the same at 252 oC as it is at 379 oC.





b)
The half life would be longer at 252 oC than it is at 379 oC.





c)
The half life would be shorter at 252 oC than it is at 379 oC


30.
If the rate of a chemical reaction triples when the temperature is changed from 25 oC to 



55 oC, what is the activation energy of the reaction?  Note:  R = 8.3145 J / K mol.



Kelvin temperature is calculated by adding 273.15 to the Celsius temperature.





a) 11.3 kJ/mol

b) 16.1 kJ/mol

c) 29.8 kJ/mol





d) 42.7 kJ/mol

e) 64.9 kJ/mol

ANSWERS: 
1 e     2 c     3 a     4 b     5 b     6 c     7 d     8 b     9 c     10 d     11 c     12 b





13 d     14 a     15 d     16 b     17 b     18 c     19 d     20 e     21 b     22 d 





23 b     24 b     25 d     26 a     27 b     28 c     29 b     30 c

