[1 ADSORPTION

fonnq;l:-et}?: T)lfl;;z-ezi‘:looi;(;;o”;twn i k“m_"“ s surface phenomenon has been known in one
(1777) deseribed 773 when Sc_hoelu discovered the uptake of gases by charcoal. Fontana

A some similar experiments. Lowitz (1785) found that charcoal could take up
colouring matter from solutions a well. However, systematic investigations and rationalisation of
te:theory have taken place only in the present century. The term adsorption was first used by
Kayser (1881) at the suggestion of du Bois Reymond.

In the study of surface tension we have seen that the surface of the liquid is in a state of strain
on account o.f unbalanced or residual forces. The same is true for the surface of a solid. As a result
of these residual forces, the surface of a solid (or a liquid) tends to attract and retain other
molecules when it is brought in contact with a gas or a solution. As these molecules remain only at
the surface and do not go deeper into the bulk of the solid or liquid, their concentration is more at
the surface than in the bulk. The phenomenon of higher concentration of any molecular
species at the surface than in the bulk of a solid or liquid is known as adsorption. As a
result of adsorption, there is a decrease of residual surface forces and, therefore, that of surface
energy.

[1] Adsorbate and Adsorbent

The solid that takes up gas, vapour or solute from a solution is known as adsorbent, while the
gas or the solute which is held to the surface of the solid is called adsorbate.

Since colloids have very small dimensions, they have very high surface area per unit mass;
hence they are good adsorbents. Other adsorbents are charcoal, silica gel, clay, etc. Sometimes, the
union between adsorbent and adsorbate is so firm that the product lies intermediately between a
mixture and a compound. This compound is then termed as adsorption compound.

[ll] Adsorption and Absorption
Adsorption should be clearly distinguished from absorption. In absorption, the substance is

not only retained on the surface, but passes through the surface to become uniformly distributed
throughout the body of a solid or a liquid. On the contrary, in adsorption, the substance is only
retained on the surface, but does not pass through the surface of a solid or liquid.

Thus, water is absorbed by a sponge or water vapour is absorbed by anhydrous CaCl,, whereas
acetic acid in solution and various gases like inert gases are adsorbed by charcoal. Water is adsorbd
by silica gel also.

It is, therefore, clear that during adsorption the concentra‘ion of the adsorbate increases only
at the sl.;.rface of the adsorbent, whereas in absorption the increase in concentration is uniform
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throughout the body of the nhsorbing sustance, The procoss in which the phenomenon of ndsy,
and absorption take place simultansously is known ns sorption, us suggested by McBajy,

It in often difficult to distinguish between sdgorption nnd ahsorption. Whep, for examp),
hydrogen is taken up by charconl, it first condenses on the surface of ',éh" lfif?fﬂif  this iy fldm:rpt,iq,;'.
“But as time progresses, the hydrogen slowly diffuses into the intorior of t'h" charcoal with g,
formation of # trus solid solution; this is sbsorption. In sll such cases of solutions, adsorption gy,

of necosnity preceds dissolution, Graham (1166) did not digtinguish hetween these two stagey ang

_termed the general adsorption of gases by solids sy occlusion.

It is, howsver, snsy to concluds that adsorption is o very fust procoss, whereas abgorption ig
slow one,

(1] Sorption and Occlusion

In several examples, the initisl rapid adsorption is followed by a slow process of absorption of
the substance into the interior of the #golid, In such cason, the effects of adsorption cannot be
distinguished from those of absorption, Bo, two new forms have been introduced.

Borption : It is a process in which both adsorption and nbsorption take place simultaneously,
as suggested by McBain (1909), ¢.y.,

(i) When hydrogen is taken up by charcoal, it first condenses on its surface. This is adsorption.
After sometime, the hydrogen diffuses slowly into the interior of the charcoal forming a true solid
solution. This is absorption, So, charcoal has absorbed as well as adsorbed hydrogen gas.

(ii) The direct dye-stuffs taken up by cotton fibros are algo in the absorbed as well as in the
adsorbed state.

(iii) The uptake of gases by zeolites is also an example of sorption.

Occlusion : According to Graham (1886) who introduced the term occlusion said that it has

a significance similar to sorption. However, occlusion is restricted to tho sorption of gases by metals
only. :
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