
CHAPTER 18
SURFACE CHAEMISTRY

18.1 
Adsorption: 

(
A plane that separates two phases is known as a surface or an interface.


(
Two main types of adsorption: 


1.
Physical adsorption (Physisorption):

· The adsorbed molecules are held to the surface by 

     van der wals forces.

· The heat evolved is usually small of the order 

20 kJ/mol. 


2.
Chemical adsorption (Chemisorption):

· The adsorbed molecules are held to the surface by 

     covalent forces.

· The heat evolved is comparable to that evolved in 

     chemical bonding of the order 100-500 kJ/mol.

18.2 
Adsorption Isotherms: 

(
An equation that relates the concentration of a substance in the gas phase or in solution to the fraction of the surface where it is adsorbed at a fixed temperature is known as an adsorption isotherm: 

Langmuir Isotherm:
                                                      A                                       


                       |         ka         |     
     

             |



A +  (S(   (   (S(   (     Product +  (S(
                                        kd
(
Two assumptions:

a. All sites are identical

b. Only uni-molecular layer is formed.

(
Suppose that after equilibrium is established, a fraction ( of the surface is covered by adsorbed molecules, then a fraction (1- () will not be covered. The rat of adsorption va is given as: 
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va = ka [A] (1-()    

(1)

The rate of desorption vd is: 
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vd = kd (()



(2)

At equilibrium: 
rate of adsorption = rate of desorption
or


ka [A] (1- () =  kd (()   

Dividing by kd we get:

(ka/kd)[A](1- () = (
K[A] (1- () = (
( = K[A] (1- () 




(2) 

where, K is the equilibrium constant and equals (ka/kd).

or 

             ( = K [A] (1- ()



(3)




                 = K [A] – K [A](
( + K [A] = K [A]

                        ( (1+ K [A]) = K [A]
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(Langmuir Isotherm)
(4)

(See Figure 18.2) 


Limiting cases:

[image: image29.wmf]]

[

]

[

'

2

3

H

NH

K

v

=






1.
At very low [A]: 
1 >> K [A]

( = K [A]







(5)

and ( α [A]

2.
At high [A]:

Equation (3) is: 

(/K [A] = (1- ()

Equation (4) is: 

(/K [A] = 1/(1+ K [A])

Then 


(1- () = 1/(1+ K [A]) 

3.
At very high [A]: 
1 << K [A]

(1- () = 1/ K [A]


(6)

(1- () α 1/[A]

(
Langmuir emphasized that adsorption involves the formation of a uni-molecular layer. The additional adsorption on the layer already present is generally weak adsorption.

Adsorption with dissociation: 
                                          A    A                                   

               |       |         ka        |      |
     

                     |         |
A2 +  (S( S(  (   (S( S(   (     Product +  (S( S(
                           kd
(
When A2 (e.g. H2) is dissociated on the surface, where S represents a surface site and A the substance being adsorbed.

(
In certain cases there is evidence that the process of adsorption is accompanied by the dissociation of the molecule when it becomes attached to the surface. 

(
An example is when hydrogen gas is adsorbed on the surface of many metals.

(
The process of adsorption is now a reaction between the gas molecule and two surface active sites, 

and the rate of adsorption is: 

va = ka [A] (1-()2    


(1)

and the rate of desorption is: 

vd = kd (()2




(2)

at equilibrium: 



                   (2 = K [A] (1- ()2


(3)

          


   
 ( = K1/2 [A]1/2(1- ()

          


              = K1/2 [A]1/2 - ( K1/2 [A]1/2
                         ( + ( K1/2 [A]1/2 = K1/2 [A]1/ ( (1 + K1/2 [A]1/2) 

                     ( (1 +  K1/2 [A]1/2) = K1/2 [A]1/2                 and
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(See Figure 18.2) 



At very low [A]: 
1 >> K [A]1/2
( = K1/2 [A]1/2




and 



( α [A] 1/2
At very high [A]: 
1 << K [A]1/2
(1- () = 1/ K 1/2[A]1/2

(6)

(1- () α 1/[A]1/2
Competitive adsorption:

(
When two substances A and B are adsorbed on the some surface: 

The rates of adsorption are: 
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(2)

The rates of desorption are: 
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From equation (1) and (3) at equilibrium:
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(5)

where, 
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Similarly, from equations (2) and (4) at equilibrium:
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(6)

where, 
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Other Isotherms: 

Freundlich-Isotherm: 

The amount (x) adsorbed on the surface is related to the concentration (C) as follows:

x α Cn
x = k Cn
where, k and n are constants

By taking logarithms:





log x = log k + nlog C
A plot of log x versus log C gives a straight line 

Frumkin-Isotherm:

where ( is related to C as:

( α ln aC
( = (1/f) ln a C
where, f and a are constants. 

BET Isotherm:

(Brunaur, Emmett and Teller) in 1938 propose BET isotherm for multilayer adsorption.

It is a multi layer adsorption. 

The convenient simple form is: 
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where, V 
is the volume of the gas adsorbed at pressure P and     

            Vo the volume that can be adsorbed as a monolayer.

   Po
is the saturation vapor pressure 

   K
is equilibrium constant for the adsorption

(See example 18.2 and problem 18.6)

Other Isotherms:

(
The various isotherms of the Langmuir type are based on the simplest of assumptions, all sites on the surface are assumed to be the same, and there are no interactions between adsorbed molecules. Systems that obey these equations and often referred to as showing ideal adsorption. 

(
Systems frequently deviate significantly from the Langmuir equations.

18.4 Kinetics of catalyzed chemical reactions on surfaces:

(
An important concept in connection with surface reactions is the molecularity. Reactions involving a single reacting substance are usually unimolecular, and these involving two reacting substances are usually bi-molecular.

I)
Kinetic of Unimolecular Catalyzed Reactions: 

(
In the simplest case the rate of reaction is proportional to Θ and is thus: 

( α (
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1)
At low [A]:
1 >> K [A]

( α [A]
(first order kinetic)

( = k K [A]

2)
At high [A]: 
1 << K [A]

v = K

(zero-order kinetics)

     
The dependence of (v) on [A] is shown in the given  

      
figure for unimolecular reaction.

2) 
Kinetics of unimolecular catalyzed reactions with 


inhibition: 
(
Sometimes a substance (I) other than the reactant A is adsorbed on the surface, with the result that the effective surface area and, there fore the rate are reduced (i.e. inhibition and I is said to be inhibitor or poison):
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The rate of reaction (v) is proportional to (() and thus given as:
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(
A special case when the surface is fairly fully covered 

by the inhibitor: i.e. I is strongly

Ki[I] >> (1+K[A])
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(
A good example is provided by the decomposition of ammonia on platinum, the rate low is: 
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(There is no inhibition by N2 but by H2)

II)
Bimolecular Catalyze Reaction: 


(
Two mechanisms to be studied:

1)
Langmuir–Hinshelwood mechanism:

(when two molecules are adsorbed on the surface)



2)
Langmuir–Rideal mechanism:

(when only one molecule is adsorbed on the surface)


1)
Langmuir–Hinshelwood mechanism:: 

                                                          A….B                                   

                               |       |                    |       |
     

            |       |
A + B +  (S( S(  (   (S( S(   (  Product +  (S( S(
The rate is given as: 
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(See figure 18.2b)
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(
At very low concentrations of A and B:

1 >> (KA[A] + KB[B])

v = K [A][B]

(second-order kinetics)

(
A special case is when one reactant (e.g: A) is weakly adsorbed and the other is strongly adsorbed (e.g: B):
KB[B] >> (1 + KA[A])
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(
An example is the reaction between carbon monoxide and oxygen on quartz, where the rate is directly proportional to the pressure of oxygen and inversely proportional to the pressure of CO:
v = K (PO2/PCO)

2)
Langmuir–Rideal mechanism: 

(
In which one molecule is not adsorbed (e.g: A) reacts with or adsorbed molecule (e.g: B):

                         

    B                  B…. A                                   

                          

     |                     |       
     

           |       
   

A  +  (S(   (   (S(    (  Product +  (S( 
(
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(See figure 17.2c)

(
Not many ordinary chemical reactions occur by a Longmuir-Rideal mechanism.

e.g: The combination of hydrogen atoms, for example, is sometime a first-order reaction and it appear to occur by the mechanism.
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(
 At low temperature:       






(Rate of adsorption >> Rate of desorption)




i.e. high [H]  and K [H] >> 1





v = kK[H]


(first-order)



(
At high temperature:




(Rate of ads. << Rate of des.)




i.e. low [H]  and K [H] << 1





v = kK[H]2


(second-order)

(An increase in the order from 1 to 2 has in fact been observed experimentally as the temperature is raised) 

18.7 Surface Tension and Capillary:
(
A molecule in the interior of a liquid is on the average, attracted equally in all direction by its neighbors, and there is therefore no resultant force tending to move it in any direction. On the other hand, at the surface of a liquid there is a net attraction of the vapor molecules into the liquid.

(
At the surface, the liquid is at equilibrium with its vapor. In 1805 Thomas Young showed that surfaces behave as if membranes were stretched over them (i.e. thin films).

(
The force (F) required to stretch the film is proportional to the length (l) of the film, since the film has two sides, and the total length is 2l 
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(1)

(
The proportion laity constant γ is known as the surface tension. Its SI unit is N m-1 = J m-2, and it is therefore the surface energy per unit area. 

γ = N m-1 = J m-2

where, N = J m-2
Measurement of surface tension: 

(capillary-rise method):

(
Several methods are used to measure the surface tension. The simplest and most commonly employed one is the capillary-rise method:

(See figure )

Two forces on the surface: 


1)
Upward force F1 due to surface tension:





F1 = 2π r γ



(1)

2)   
Down word force F2 due to the weight of the liquid:





F2 = π r2 h l g



(2)



where, g is the acceleration of gravity. 



At equilibrium: 





F1 = F2


and



    2π r γ = π r2 h l g

or
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(
Since, there is an angle ( between the meniscus and the surface, equation (3) becomes: 
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(
An interesting consequence of the existence of a surface tension is that the vapor pressure of a spherical droplet of a liquid may be very considerably higher than that of the normal liquid: 
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where,  Po 
is the ordinary vapor pressure of the liquid

    P
is the vapor pressure when liquid is present 

          in droplets.

    M
is molar mass

(See Table 18.2)
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