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XII-Chemistry Surface Chemistry

Introduction:

Surface chemistry deals with the phenomena that occur at the surfaces or interfaces.
Has many applications in industry, analytical work & daily life situations.

Corrosion, electrode processes, heterogeneous catalysis, dissolution &

crystallisation occur at interfaces.

The interface, separating the bulk phases is represented by a hyphen or a slash.

Example: Solid-gas or solid/gas.

Due to complete miscibility, there is no interface between the gases.

Adiclasses.com



XII-Chemistry Surface Chemistry
Adsorption:
Is the accumulation of molecular species at the surface rather than

in the bulk of a solid or liquid.

The surface of a solid has the tendency to attract & retain the molecules of the phase

with which it comes into contact.
Adsorbate: Is the substance, which concentrates or accumulates at the surface.
Adsorbent: Is the material on the surface of which the adsorption takes place.
Is essentially a surface phenomenon.

Solids, in finely divided state, have large surface area & act as good adsorbents.
Example: Charcoal, silica gel, alumina gel, clay, colloids, finely divided metals, etc.
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Adsorption:

Adsorption in action:

(i) If a gas like O,, H,, CO, Cl,, NH; or SO, is taken in a closed vessel containing
powdered charcoal, the gas molecules are adsorbed at the surface of charcoal.

Hence, the pressure of the gas in the enclosed vessel decreases.

(ii) Animal charcoal is added to a solution of an organic dye (methylene blue).

On shaking the solution, the dye molecules accumulate on the surface of charcoal.

The filtrate turns colourless due to adsorption.
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Adsorption:

Adsorption in action:

(iii) Aqueous solution of raw sugar, when passed over beds of animal charcoal,

becomes colourless as the colouring substances are adsorbed by the charcoal.

(iv) The air becomes dry in the presence of silica gel because the water molecules

get adsorbed on the surface of the gel.

Solid surfaces can hold the gas or liquid molecules by virtue of adsorption.

Desorption: Is the process of removing an adsorbed substance from a surface

on which it is adsorbed.
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Adsorption:

Distinction between Adsorption & Absorption:

In adsorption, the substance is concentrated only at the surface &

does not penetrate through the surface to the bulk of the adsorbent.

In absorption, the substance is uniformly distributed throughout the bulk of the solid.
Example: Water vapours are absorbed by anhydrous calcium chloride

but adsorbed by silica gel.
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Adsorption:

Distinction between Adsorption & Absorption:

Sorption: Is a process in which both adsorption & absorption take place simultaneously.

Example: (i) Chalk stick is dipped in ink.
The ink particles get adsorbed & the solvent of the ink get absorbed.

So, on breaking the chalk stick, it is white from inside.

(ii) Cotton dipped in ink.
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XII-Chemistry Surface Chemistry
Adsorption:

Mechanism of Adsorption:
Adsorption is due to the different environment of the surface particles

of the adsorbent from the particles inside the bulk.
Inside the adsorbent all the forces acting between the particles are mutually balanced.

On the surface the particles are not surrounded by atoms or molecules of their kind

on all sides, & hence they possess unbalanced attractive forces.

These forces of the adsorbent are responsible for attracting the adsorbate particles

on its surface.
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Adsorption:

Mechanism of Adsorption:

The extent of adsorption increases with the increase of surface area per

unit mass of the adsorbent at a given temperature & pressure.

During adsorption, there is always a decrease in residual forces of the surface,

I.e., there is decrease in surface energy which appears as heat.

Adsorption, therefore, is an exothermic process.

AH of adsorption is always negative.
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Adsorption:

Mechanism of Adsorption:

Adsorption is accompanied by decrease in enthalpy &

also decrease in entropy of the system.

When a gas is adsorbed, the freedom of movement of its molecules become restricted.

This decreases the entropy of the gas after adsorption, i.e., AS is negative.

For a process to be spontaneous, at constant temperature & pressure,

AG must be negative, i.e., there is a decrease in Gibbs energy.
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Adsorption:

Mechanism of Adsorption:

On the basis of equation, AG = AH - TAS, AG can be negative

if AH has sufficiently high negative value as — TAS is positive.
Thus, in adsorption (spontaneous), combination of these 2 factors makes AG negative.

As the adsorption proceeds, AH becomes less & less negative

ultimately AH becomes equal to TAS & AG becomes zero.

At this state equilibrium is attained.
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Adsorption:

Types of Adsorption:

There are mainly two types of adsorption of gases on solids.
(i) Physical adsorption or physisorption

(ii) Chemical adsorption or chemisorption.
(i) Physical adsorption: Occurs on account of weak van der Waals’ forces.

(ii) Chemical adsorption: Occurs by formation of chemical bonds (covalent or ionic).

Involves a high energy of activation (activated adsorption).
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Adsorption:
Types of Adsorption:

Sometimes these two processes occur simultaneously &

it is not easy to ascertain the type of adsorption.

A physical adsorption at low temperature may pass into chemisorption as

the temperature is increased.
Example: Dihydrogen is first adsorbed on nickel by van der Waals’ forces.

Molecules of hydrogen then dissociate to form hydrogen atoms which are

held on the surface by chemisorption.
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Adsorption:

Characteristics of physisorption:

(i) Lack of specificity: The van der Waals’ forces are universal.

The surface of an adsorbent does not show any preference for a particular gas.

(ii) Nature of adsorbate:

The amount of gas adsorbed by a solid depends on the nature of gas.

Easily liquefiable gases (with higher critical temperatures) are readily adsorbed

as van der Waals’ forces are stronger near the critical temperatures (T.).

Thus, 1g of activated charcoal adsorbs more sulphur dioxide (T. 630K), than
methane (T. 190K) which is still more than 4.5ml of dihydrogen (T. 33K).
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Adsorption:

Characteristics of physisorption:

(iii) Reversible nature: Physical adsorption of a gas by a solid is reversible.

Solid + Gas =—— Gas/Solid + Heat

More of gas is adsorbed when pressure is increased as the volume of the gas

decreases (Le-Chateliers’s principle) & the gas can be removed

by decreasing pressure.

Since adsorption is exothermic, the physisorption occurs readily at low temperature

& decreases with increasing temperature (Le-Chatelier’s principle).

Adiclasses.com





































































































































































































































































































































































