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Adsorption isotherm

Planar, Mmesoporous microporous
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W=

o0

ﬁm adsorbate

_‘. adsorbent

Homogeneous surface

No lateral interactions between molecules
Uppermost layer is in equilibrium with vapor phase
First layer: Heat of adsorption; ,

Higher layers; Heat of condensation

At saturation pressure, the number of layers becomes
infinite | |



0.8

0.6

10"8 m3/Vv

0.4}

0.2 | s | | |
0 1 2 3 4 5

10712 torr / P

The intercept of the fitted line is 0.252, giving V_ = 3.96 x 107® m®. The slope of the
fitted line is 1.18 x 107> torr-m~, from which we find b = 2,14 x 10" torr™".

At 0.00°C and 1,00 atm, 1 mol of gas occupies 2.24 x 107> m’. Thus, the number
of moles of gas in the volume V_ is

3,96 x 10~ m’
2.24 % 1072 m* mol™!

=177 x 107 mol
which corresponds to
(6.022 x 10* mol™*)(1.77 x 1078 mol) = 1.06 x 10'® molecules

Because each molecule occupies a single surface site, there are 1.06 x 10'* sites on
the surface. If the mica substrate were a 0.010-m square, the concentration of surface
sites would be

1.06 x 10'® molecules
-

= . = 1.06 x 10® m™
_ (0.010m)*

1/6 (arbitrary units)

!

Figure 31.22 shows that experimental data for the adsorption of oxygen and carbon
monoxide on a silica surface are well described by the Langmuir adsorption isotherm.
Example 31-11 derives the adsorption isotherm for the case in which a diatomic

FIGURE 31.22

1/P (arbitrary units)

isotherm to the experimental data,

A plot of 1/8, the inverse of the fraction of
surface sites occupied, as a function of 1/P
for O,(g) and CO adsorbed on silica. The data
are well described by the Langmuir adsorption
isotherm (Equation 31.36). The solid lines
are the best fit of the Langmuir adsorption

e
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Adsorption isotherm

The shape of the isotherm of pure fluids depends on

* Interplay between the strength of fluid-wall and fluid-fluid interaction
* Pore space

Classification by the International Union of Pure and Applied Chemistry*

Width* [nm]
M <2  Ultramicropores below 0.7nm
ICropores » Supramicropores 0.7~2nm
Mesopores 2 =~ 5l
Macropores . > 50
Width*

*Diameter of a cylindrical pore

*Distance between opposite walls in
case of slit pores

*  K.S.W. Sing et al., Pure Appl. Chem. 57 (1985) 603.
Bodern Methods in Haterogeneous Catalysis Research) 01 Nov 2018; Surface Avea and Pore 8ze De atfor &, Trunschie : \_ m
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Chapter 31 / Solids and Surface Chemistry

where k, and k, are the rate constants for adsorption and desorption, respectively.
The fact that k, and k, are constants independent of the extent of surface coverage
implies that the adsorbed molecules do not interact with one another. Let o be the
concentration of surface sites in units of m~>, If the fraction of surface sites occupied
by an adsorbate is 8, then o, the adsorbate concentration on the surface, is 8oy, and
the concentration of empty surface sites is given by o, — 0o, = (1 — 8)o,. We now
assume that the rate of desorption is proportional to the number of occupied surface
sites and that the rate of adsorption from the gas phase is proportional to both the
number of available (unoccupied) surface sites and the number density of molecules in
the gas phase. Mathematically, the rates of desorption and adsorption are given by

rate of desorption = v, = kAo, (31.33)
and
rate of absorption = v, = k,(1 — 8)0,[A] (31.34)

where [A] is the number density or the concentration of A(g). At equilibrium, these
rates must be equal, so

k0 =k (1 —6)[A]

or

1_1+ 1
0 K [A]

[

(31.35)

where K _ = k,/k, is the concentration equilibrium constant for Equation 31.32. Gener-

ally the pressure of A(g) and not the concentration of A(g) is measured. If the pressure

FIGURE 31.21

A plot of Equation 31.36, showing that
the fraction of the surface covered, 8, is a
nonlinear function of the gas pressure.
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Chapter 31 / Solids and Surface Chemistry

adsorbate-substrate bond is long compared with the length of the bonds in the bulk
solid..

The second type of adsorption is called chemisorption (chemical adsorption) and
was first proposed by the American chemist Irving Langmuir in 1916. In chemisorp-
tion, the adsorbate is bound to the substrate by covalent or ionic forces, much like those
that occur between the bonded atoms of a molecule. In chemisorption, a bond of the
molecule is broken and new chemical bonds are formed between the molecular frag-
ments and the substrate. Unlike in physisorption, the strength of the substrate-adsorbate
bond for a chemisorbed substrate is large; values between 250 and 500 kJ .mol~! are typ-
ical. In addition, the length of the substrate-adsorbate bond is shorter for a chemisorbed
molecule than for a physisorbed molecule. Because chemisorption involves the forma-
tion of chemical bonds to the surface, only a single layer of molecules, or a monolayer,
can chemisorb to the surface.

Lennard-Jones originally modeled the physisorbed and chemisorbed states in terms
of one-dimensional potential-energy curves. Such a model assumes that the substrate
has only one type of binding site and that neither the angle at which the adsorbate ap-
proaches the substrate nor the orientation of the adsorbate with respect to the substrate
is important. If so, the potential energy depends only on z, the distance between the
substrate and the adsorbate. Figure 31.20 shows a plot of one-dimensional potential-
energy curves for the adsorption of a diatomic molecule, AB, on a surface. We define
V(z) = 0 to correspond to the infinite separation of the substrate and the diatomic

\ |AB A+B
I'l IR
. g
~ I' Zcr"
& [ W
~ 1Zen\! Zph z
\ h . .
AN Physisorption
' ]
Lo
L |
v Chemlsorptlon

FIGURE 31.20

One-dimensional potential-energy curves for the physmorptlon of molecule AB (solid line) and
the dissociative chemisorption of AB (dashed line). The quantity z is the distance from the
surface. In the physisorbed state, the molecule AB is bound to the surface by van der Waals
forces. In the chemisorbed state, the AB bond is broken, and the individual atoms are bound

- covalently to metal atoms on the surface. The points z,, and z, are the surface-molecule bond

lengths for a chemisorbed and physisorbed molecule, respectively. The two potential curves
cross at z,. The activation energy for the conversion from physisorption to chemisorption is
measured from the bottom of the physisorbed potential and is E .
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