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3.4: Variation of Surface Coverage with Temperature and Pressure

Application of the assumptions of the Langmuir Isotherm leads to readily derivable expressions for the pressure dependence of the
surface coverage (see Sections 3.2 and 3.3) - in the case of a simple, reversible molecular adsorption process the expression is

bP
- 1+bP

where b = b(T'). This is illustrated in the graph below which shows the characteristic Langmuir variation of coverage with pressure
for molecular adsorption.

0 (3.4.1)
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Note two extremes in Equation 3.4.1:
e At low pressures
lim @ =0bP (3.4.2)
P—0
o At high pressures
lim =1 (3.4.3)
P—o0

At a given pressure the extent of adsorption is determined by the value of b, which is dependent upon both the temperature (T) and
the enthalpy (heat) of adsorption. Remember that the magnitude of the adsorption enthalpy (a negative quantity itself) reflects the
strength of binding of the adsorbate to the substrate.

The value of b is increased by

1. a reduction in the system temperature
2. an increase in the strength of adsorption

Therefore the set of curves shown below illustrates the effect of either (i) increasing the magnitude of the adsorption enthalpy at a
fixed temperature, or (ii) decreasing the temperature for a given adsorption system.

Increasing b
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A given equilibrium surface coverage may be attainable at various combinations of pressure and temperature as highlighted below
... note that as the temperature is lowered the pressure required to achieve a particular equilibrium surface coverage decreases.
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- this is often used as justification for one of the main ideologies of surface chemistry ; specifically, that it is possible to study
technologically-important (high pressure / high temperature) surface processes within the low pressure environment of typical
surface analysis systems by working at low temperatures. It must be recognized however that, at such low temperatures, kinetic
restrictions that are not present at higher temperatures may become important.

If you wish to see how the various factors relating to the adsorption and desorption of molecules influence the surface coverage
then try out the Interactive Demonstration of the Langmuir Isotherm (note - this is based on the derivation discuss previously ).

Determination of Enthalpies of Adsorption

It has been shown in previous sections how the value of b is dependent upon the enthalpy of adsorption. It has also just been
demonstrated how the value of b influences the pressure/temperature (P-T) dependence of the surface coverage. The implication of
this is that it must be possible to determine the enthalpy of adsorption for a particular adsorbate/substrate system by studying the P-
T dependence of the surface coverage. Various methods based upon this idea have been developed for the determination of
adsorption enthalpies - one method is outlined below:

Step 1: Involves determination of a number of adsorption isotherms, where a single isotherm is a coverage / pressure curve at a

fixed temperature (Figure 3.4.1).
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Figure 3.4.1

Step 2: It is then possible to read off a number of pairs of values of pressure and temperature which yield the same surface coverage

(Figure 3.4.2)
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Figure 3.4.2:

Step 3: The Clausius-Clapeyron equation

<6lnP) _ AHy, (3.4.4)
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may then be applied to this set of (P-T) data and a plot of (In P ) v's (1/T) should give a straight line, the slope of which yields the
adsorption enthalpy (Figure .

In P ]

1,1

Figure 3.4.3:

The value obtained for the adsorption enthalpy is that pertaining at the surface coverage for which the P-T data was obtained, but
steps 2 & 3 may be repeated for different surface coverages enabling the adsorption enthalpy to be determined over the whole
range of coverages. This method is applicable only when the adsorption process is thermodynamically reversible.

This page titled 3.4: Variation of Surface Coverage with Temperature and Pressure is shared under a CC BY-NC-SA 4.0 license and was authored,

remixed, and/or curated by Roger Nix.
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