AP CHEMISTRY



NAME   KEY
Quiz -- Kinetics

DIRECTIONS:  For this activity, it is not being counted as a major quiz score.  It is practice.




1.  You may use your notes.




2.  You may use a text in the back of the room.




3.  You MAY NOT work with another person.    If you are caught working 



with another person, you will get a zero.



The decision of the substitute is final.   

1.
At 40 (C    H2O2  (aq)  will decompose according to the following reaction:



2 H2O2 (aq) (  2 H2O (l) + O2 (g)

The following data were collected for concentration of the peroxide at various times.



Times in seconds



[H2O2 ] Molarity




0





1.000

2.16 x 104




  .500

4.32 x 104



     
  .250

a.    
Calculate the average rate of decomposition of the peroxide between 0 seconds and
 2.16 x 10​4  seconds.  Use this rate to calculate the rate of production of O2 .

b.  
 What are these rates for the time period between 2.16 x 104 and 4.32 x 104 ?



a.   Rate = change in Conc. / change in time




Between 0 seconds and
 2.16 x 10​4  seconds:




1.000 - .500 = .500 M  and  2.16 x 104 – 0 = 2.16 x 104 seconds




So the avg. rate of H2O2  is   .500 / 2.16 x 104  (  2.31 x 10-5 M / s



For O2  using stoichiometry of 2:1    the rate of O2  is 1.16 x 10-5 M / s


b.
Same concept for this part.  Simply use the corresponding data.




.500 - .250 = .250 M and 4.32 x 104 –  2.16  x 104  = 2.16 x 104 s.




H2O2 (  1.16 x 10-5 M  and for O2 it is  5.8 x 10-6  M

2.
a.  Use the given data for the hypothetical reaction:  2A + B (  products



to determine the rate law and to determine the rate constant at 30 (C.

b.  Estimate the rate change for Trial 3 if the reaction was done at 50 °C



Reaction #

[A]

[B]

Initial rate (mole/L s)




1

.1

.1

3 x 10-2



2

.1

.3

3 x 10-2



3

.2

.3

6 x 10-2

a.
Use equations 2 & 3 to determine A




Change of concentration is 2 (it doubles)





Change of rate is 2 (it doubles)




Therefore  2order = 2


It is first order



Use equations 1 & 2 to determine B





Change of concentration is a factor of 3





Change of rate is unchanged (factor of 1)




Therefore 3order = 1


It is zero order



RATE LAW:  Rate = k [A]1 [B]0       .03 = k .1

k = .3 s-1


b.
For every 10 °C increase in temperature, the rate doubles





30 (  40   Rate doubles   so 2 ( 6 x 10-2 ) (  .12





40 (  50   Rate doubles again   

   (   .24

3.
The following hypothetical reaction was performed:  A + 2B + C + 4D ( products

Determine the rate law and the rate constant for the following data collected at 20( C

reaction #
[A]

[B]

[C]

[D]
Initial rate (mole/L second)


1
.25

.30

.60

.15

7.20  x 10-5

2
.75

.30

.60

.15

2.17 x 10-4

3
.25

.30

.20

.15

7.20  x 10-5

4
.75

.30

.60

.45

6.51 x 10-4

5
.75

.44

.60

.15

4.67 x 10-4

For [A] use equations 1 & 2
3x  = 3  (2.97)   order = 1

For [B] use equations 2 & 5
 (.44 / .3)x = 2.15 (   1.467x  = 2.152






Use law of logs    x log 1.467 = log 2.152









x (.1664) = .3328
x = 2

For [C] use equations 1 & 3
No change in rate ( zero order  3x = 1  x = 0

For [D] use equations 2 & 4
3x = 3

order = 1


The rate law is:  Rate = k [A]1 [B]2 [C]0 [D]1 


Using the first trial:   7.2 x 10-5 = k (.25) (.30)2 (1) (.15)    (   k = 2.13 x 10-2 M-3 s-1
4.
Determine the rate constant and the half life for the data pertaining to the 


combustion of phosphine (PH3).








4 PH3  + 3 O2 ( P + 6 H2O



rxn # 1 
[ PH3 ]

Rate (mole/ L second)



1

.18



2.4 x 10-3   (.0024)



2

.54



7.2 x 10-3   (.0072)



3
          1.08



1.4 x  10-2   (.014 )



Since only data for PH3 is given, that is all that is needed.


Use equations 1 & 2 to determine the order:





.54 / .18 = 3
7.2 x 10-3 / 2.4 x 10-3 = 3





3x = 3 
x = 1    It is first order



Rate Law = Rate = k [A]





To determine k: 
.0024 = k .18
(  k = .0133 s-1


For t1/2 = .692 / k

k = 51.98 seconds
5.
Write the rate laws for the following proposed mechanisms for the decomposition 
of IBr to I2 and Br2 .    IBr ( I2+ Br2
a.

IBr  ( I + Br


(fast)



IBr + Br ( I + Br2

(slow)



I + I ( I2



(fast)

b.

IBr  ( I + Br


(slow)



I + IBr (  I2 + Br


(fast)



Br + Br ( Br​​2


(fast)

c.

IBr + IBr ( I2Br +1  + Br ‑1   
(fast equilibrium)



I2Br +1 ( Br -1 + I2

(slow)



Br -1 + Br -1
( Br​​2

(fast)

d.

IBr + IBr ( I2 + Br2 

(one step)




For  a.

Rate = k [IBr]2    Rate = k [IBr] [IBr]



For b.

Rate = k [IBr]



For c.

Rate = k [IBr]2



For d.

Rate = k [IBr]2
6.
The decomposition of NOCl is a 2nd order reaction with k = 4 x 10-8 L / mole second


Given an initial concentration of .5 M ,  what is the half life ?  How much is left 

after 1 x 108 seconds ?  What is the half life for an initial concentration of .25 M ?


Second order means that (  half-life (t1/2) = 1 / k [A]0 

Substituting in and solving:      half-life = 1 / (4 x 10-8) (.5)    =  5.0 x 107 sec.


Use the second order integrated rate law:




1 / [A] = (4 x 10-8) (1 x 108) + 1 / .5 


Be careful with the math (  1 / [A] = (4 x 10-8) (1 x 108) + 1 / .5








4 + 2 = 6  = 1 / [A]   [A] = .167 M

half-life = 1 / (4 x 10-8) (.25)    =  1.0 x 108 sec.  



So we see that with 2nd order reactions the half-life depends on the initial 


concentration.

7.
IBr decomposes to form I2 and Br2 .   A plot of 1 / [IBr] v. Time gave a straight line.  
Write the general rate law for the reaction.


Look to see what order has a relationship between reciprocal and time.

We determine it to be second order.


The second order rate equation is (  Rate = k [IBr]2
8.
The rate of a reaction increases 2.21 times as the temperature changes from 

70 (C to 80 (C.  Calculate the activation energy.  

Get the equation for activation energy:
ln (k2 / k1) = ( Ea / R ) (1 / T1 – 1 / T2 )


Substitute in and solve:  ln 2.21 / 1 = ( Ea / 8.314 ) ( 1 / 343 – 1 / 353)





.793  =  (Ea / 8.314) ( 8.26 x 10-5 )





9.6 x 103 = Ea / 8.314
Ea = 7.98 x 104 J
9.
The activation energy for the decomposition of HI to H2 and I2  is 186 kJ/mole.  The
rate constant at 555 K is  3.52 x 10-7 L/mole second.  





What is the rate constant at 645 K ?


Get the equation for activation energy:  ln (k2 / k1) = ( Ea/R ) (1 / T1 – 1 / T2 )


ln (k2 / 3.52 x 10-7) = (186,000 / 8.314)  (( 1 / 555 ) – ( 1 / 645))


ln (k2 / 3.52 x 10-7) = (2.24 x 104 )  (2.51 x 10-4)  = 5.62


ln (k2 / 3.52 x 10-7) =  ln k2 – ln 3.52 x 10-7 = 5.62 


ln (k2 / 3.52 x 10-7) =  ln k2 – (-14.86) = 5.62  (  ln k2 = - 9.24 








k2 = 9.71 x 10-5 L/mole second (M-1 s-1)

OK – these are some different numbers and a peculiar calculation that we don’t see and do too often.    Let’s see if this makes sense.   Going from 555 to 645 is the equivalent of 9 factors of the 10 °C temperature change.   We know that a good rule of thumb is that for every 10 °C temperature change, the rate doubles.   So we are expecting that the rate of 3.52 x 10-7  x 29 (512) should equal our value of 9.71 x 10-5 



3.52 x 10-7  x 512 = 1.8 x 10-4   Not exact but not all that far out of reason

10.
Which of the following mechanisms are consistent with the observed rate law,

R = k [H2O2] [I -] [H3O+1 ] for the rxn H2O2  + 3 I -1 +  2 H3O​+1 ( 2 H2O +  I3-1    

If any are not, write a rate equation that is consistent with the mechanism.


REMEMBER THAT WE NEED TO START WITH THE RATE DETERMING STEP.

a.
H3O​+1  + I -1 (  HI  + H2O   

(fast)


H2O2 + HI ( H2O + HOI

(slow)


HOI + H3O​+1  + I-1 (  2 H2O  + I2 
(fast)


I -1 + I2 (  I3 -1



(fast)

YES.
   Rate = [H2O2] [HI]     But HI is an intermediate  SO

   Look at the equation above to see what HI must have 
   come from:  H3O+1 and I-1 so we can substitute it in  (

Rate = [H2O2] [H3O+1] [I-1] 

b.
H3O+1 ​  + H2O2 ( H3O2 +1  + H2O 
(fast)


H3O2 +1 + I-1 ( H2O +  HOI

(slow)


HOI + H3O+1 + I-1 (  2 H2O + I2
(fast)


I2 + I-1 ( I3-1



(fast)

YES.
   Rate = [H3O2+1 ] [I-1]    But [H3O2+1 ] is an intermediate SO 

   Look at the equation and see what it must have come 
   from: H3O+1 ​+ H2O2    so we can substitute it in (

Rate = [H2O2] [H3O+1] [I-1]

c.
H2O2 + I-1 ( H2O + OH-1

(slow)


H3O+1 + I-1 ( H2O + HI


(fast)


H3O​+ + OI-1 + HI ( 2 H2O + I2
(fast)


I2 + I-1 ( I3-1



(fast)



NO.

Rate = [H2O2] [I-1] and there is no intermediate.  Both 



species are reactants.    So the rate equation for this 



mechanism stays as is.

11.
Which of the following rate laws is consistent with the proposed mechanism 

for the reaction:





3 ClO-1 (  ClO3-1 + 2 Cl-1


(fast)





ClO-1  + ClO-1 (  ClO2-1 + Cl-1

(slow)





ClO-1 + ClO2-1 (  ClO3- 1 + Cl-1

(fast)


a.

Rate =  k [ClO] [ClO2-1]

b.

Rate =  k [ClO-1]3
c.

Rate =  k [ClO-1]2 [ClO2-1]

d.

Rate =  k [ClO-1]2

The rate law that is consistent for that mechanism is d.

Go with the slow step and see that both are reactants with no intermediates.

