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2.3.3 Sabatier’s principle

N2à 2 N*For ex.: Ammonia synthesis (N2 dissociation is the RDS):

The interaction between the catalyst and the substrate should be not to weak but not too strong.
If the interaction is too weak, the reactive intermediate is not stabilized.
If the interaction is too strong, the reactive intermediate is too stable and will not react.

This leads to so-called Volcano plots (the activity goes through a maximum according to bonding strength).

Image source: Concepts of Modern Catalysis and Kinetics, Wiley, 2007Bond strength
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chemistry, not only for simple diatomics but also for more complicated configurations.
The agreement between calculated and measured adsorption energies and barrier ener-
gies is sufficiently good that computational predictions can be quite reliable. Such stud-
ies are now providing a lot of detailed insight into reaction mechanisms.

Second, catalytic reactions do not necessarily proceed via the most stable adsor-
bates. In the ethylene case, hydrogenation of the weakly bound p-C2H4 proceeds
much faster than that of the more stable di-r bonded C2H4. In fact, on many metals,
ethylene dehydrogenates to the highly stable ethylidyne species, ”C–CH3, bound to
three metal atoms. This species dominates at low coverages, but is not reactive in
hydrogenation. It is therefore sometimes referred to as a spectator species. Hence,
weakly bound adsorbates may dominate in catalytic reactions, and to observe them
experimentally in situ spectroscopy is necessary.

Third, the energy diagrams of Fig. 6.38 illustrate that hydrogenation is favored if
the hydrocarbon adsorbs less strongly (compare, for example, the barrier for the
reaction between di-r ethylene at low and high coverage). This can be brought about
by the choice of the metal, the addition of promoters, by alloying or by the effect of
coverage. Note that the situation thus differs from dissociation of diatomic mol-
ecules discussed in Sections 6.5.3.2 and 6.5.3.3, where dissociation is favored if the
interaction with the surface is stronger.

6.5.3.5 Sabatier’s Principle
The results of the previous sections show that catalytic reactions proceed best if the
interaction between the adsorbates and the surface is not too strong and not too
weak. Sabatier realized that there must be an optimum of the rate of a catalytic reac-
tion as a function of the heat of adsorption. If the adsorption is too weak the catalyst
has little effect, and will, for example, be unable to dissociate a bond. If the interac-
tion is too strong, the adsorbates will be unable to desorb from the surface. Both
extremes result in small rates of reaction.
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Figure 6.40. Catalytic activity of various
supported metals for the synthesis of
ammonia. [Adapted from A. Ozaki and
K. Aika, in Catalysis Vol. 1 (1981), Eds.
J. Anderson and M. Boudart, Springer-
Verlag, Berlin, p. 87.]
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2 H+ + 2e-à H2For ex.: Hydrogen evolution in an acidic electrolyte:

Image source: Zeng and Li, J. Mater. Chem. A, 2015Bond strength

2.3.3 Sabatier’s principle
The interaction between the catalyst and the substrate should be not to weak but not too strong.
If the interaction is too weak, the reactive intermediate is not stabilized.
If the interaction is too strong, the reactive intermediate is too stable and will not react.

This leads to so-called Volcano plots (the activity goes through a maximum according to bonding strength).

4


