
 
 

Monolayer Adsorption 
 

 
 
 
 
 
 
 
[A] σ ≡ nAσ/σ 
       

free binding sites:   [B]σ ≡ nBσ/σ 
 

maximum:              [B]oσ ≡ nBo/σ 
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[B] oσ = [B]σ + [A]σ 
  

[A] maxσ = [B]oσ 
       

fractional coverage:   θA =  
[A] σ

[A] maxσ
 

 

[A] σ = [A]maxσ θA = [B]oσ θA 
       

         ka 

 A (g) + Bσ  →→→→→→→→←←←←←←←←  Aσ 

         kd 

y = 0.2295x + 0.0193
R2 = 0.9856
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d [A]σ
dt  = ka[B] σPA – kd[A] σ  

              

d [A]σ
dt  = ka[B] oσ(1 – θA)PA – kd[B] oσθA 

              

d θA

dt  = ka(1 – θA)PA – kdθA 
              

equilibrium:   θA = 
ka PA

kd + ka PA
 

              

b ≡ 
ka

kd
  θA = 

b PA

1 + b PA
  

              

1
θA

 = 
1 + b PA

 b PA
 = 

1
b PA

 + 1 
              

surface loading: Γ = nAmax/m = nBmax/m 
 

ΓAσ = Γmaxσ 
b PA

1 + b PA
    

1
ΓAσ  = 

1
Γmaxσ

  






1

b PA
 + 1   

              

fraction free:  1 – θA =  
1

1 + b PA
 

+ + + + + 
+ + + + + 

+ + + + + 

+ + + + + 
+ + + + + occupied:   θA = 5/25 

 
free:   (1 – θA) = 20/25 



Colby College 

Surface  Catalysis 
 
(1) adsorption on the catalyst surface 
(2) the chemical reaction 
(3) desorption of the products 
 

Assume the product is very weakly adsorbed: 
 

        ka       kσ 

A (g) + Bσ  →→→→→→→→←←←←←←←← Aσ  →→→→→→→→ P (g) + Bσ 
        kd 

              
Assume surface adsorption steps are in equilibrium, rapid pre-equilibrium mechanism; 
 ka, kd >> kσ: 
 

1
σ 

dξ
dt = kσ [A] σ  

              

1
σ 

dξ
dt = kσ [B] oσ θA 

              

Single monolayer: 
 

1
σ 

dξ
dt = kσ [B] oσ 

bA PA

1 + bA PA
 

              

Assume the moles of A on the surface are small compared to the moles of reactant in the gas 
phase: 
 

1
V 

dξ
dt = – 

dPA

dt  = 
dPP

dt  
              

– 
dPA

dt   = [kσ σ/V [B] oσ] 
bA PA

1 + bA PA
 

              

– 
dPA

dt   = k 
bA PA

1 + bA PA
  k = [kσ σ/V [B] oσ] 

              
 

– 
dPA

dt   = k bA PA            (monolayer, weakly adsorbed) 

 kobs ≡ k bA 
              
 

– 
dPA

dt   = k            (monolayer, strongly adsorbed) 

A 

Aσ 

P 


