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Problem :   Lobree   et   al.   published   a   paper   in   1998   describing   how   methane   reduces   supported  
Pd   ions   on   ZSM-5   zeolites   into   Pd   product.   We   provide   a   simplified   mechanism   in   terms   of  
letters   below:   

 

Elementary   Steps  Rate   constants  σ  

A   +   CH 4    ↔   B   +   H 2 O  k 1 ,   k -1   

B   →   2C  k 2   

C   →   D   +   CO  k 3   

2D   →   2E   +   Pd  k 4   

 
The   overall   reaction   stoichiometry   is   as   follows:   A   +   CH 4    →   2E   +   Pd   +   2CO   +   H 2 O  
Assume   all   intermediates   are   reactive   intermediates.  
 

a. Derive   the   rate   law   expression   for   the   formation   of   Pd   in   terms   of   reactants   and  
products.   Also   find   the   stoichiometric   number   for   each   step.  
 

Elementary   Steps  Stoichiometric   number  Rates  

A   +   CH 4    ↔   B   +   H 2 O  1  r 1    =   k 1 [A][CH 4 ]  
r -1    =   k -1 [B][H 2 O]  

B   →   2C  1  r 2    =   k 2 [B]  

C   →   D   +   CO  2  r 3    =   k 3 [C]  

2D   →   2E   +   Pd  1  r 4    =   k 4 [D] 2  

 
Rate   of   Pd   formation   =   r 7    =   k 7 [D] 2  
PSSH   on   [D] 2    

[C] k [D]  rD 0 = r3 2r4 = k3 2 4
2  

[D] [C]2k4
2 = k3  

PSSH   on   [C]  
r k [B] [C]  rC 0 = 2 2 r3 = 2 2 k3  

[C] k [B]k3 = 2 2  
PSSH   on   [B]  

[A][CH ] [B][H O] [B]  rB 0 = r1 r 1 r2 = k1 4 k 1 2 k2  

B][ = k [A][CH ]1 4
k [H O]+k1 2 2

 

Rate   of   Pd   formation   [D] .5k [C] [B]= r4 = k4
2 = 0 3 = k2 = k [H O]+k1 2 2

k k [A][CH ]1 2 4  

+1   for   each   stoichiometric   number   (+4)  



 

+2   for   doing   a   PSSH   on   intermediate   C  
+2   for   doing   a   PSSH   on   intermediate   D   (accept   D 2 )  
+2   for   PSSH   on   intermediate   B  
+2   for   correct   rate   of   Pd   formation  

b. Using   your   result   in   part   a,   find   the   rate   of   formation   of   CO   in   terms   of   reactants   and  
products.   
Overall   reaction   is:  
A   +   CH 4    →   2E   +   Pd   +   2CO   +   H 2 O  
et rate r N = 1

r4 = 2
rCO = k [H O]+k1 2 2

k k [A][CH ]1 2 4  

rCO = k [H O]+k1 2 2

2k k [A][CH ]1 2 4  

 
+2   for   correctly   using   stoichiometry   to   say   rate   of   CO   is   half   that   of   net   rate  
+2   for   correct   rate   of   formation   of   CO  

c. Derive   the   Pd   rate   of   formation   expression   if   step   1   is   QE.   
If   step   1   is   QE,   , k [A][CH ] [B][H O]  r1 = r 1   1 4 = k 1 2  

B][ = k [H O]1 2

k [A][CH ]1 4  

ate of  Pd formation r = k [H O]1 2

k k [A][CH ]1 2 4  

+1   for   saying   r 1    =   r -1  
+2   for   getting   expression   for   concentration   of   B  
+2   for   final   rate   of   Pd   formation  

d. Under   what   conditions   does   your   solution   for   part   a   collapse   into   your   solution   for   part   c?  
This   is   a   rigorous   justification   for   QEA.   Draw   a   rate   diagram   for   the   PSSH   and   QEA  
cases   and   provide   a   specific   inequality.  
+2   for   the   inequality  
+1   for   each   rate   arrow   diagram   (+2)  
This   condition   holds   when   [H O] >k 1 2 > k2  

PSSH  



 

QEA  
  












