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One of the most important properties which char acterizes a supported metal
catalyst is its specific metal surface area. This i nformation may be gained by
a number of different experimental techniques (1, 2 ) and is usually reported as
the average metal crystallite diameter of the catalyst. This parameter
provides a means of comparing catalysts prepared by different methods or in
different laboratories. A previous Altamira Note (September 1989)
discussed how surface area measurements may be obta ined from temperature-
programmed desorption data for supported metal cata lysts. This Note will
focus on how the same information is obtained from a more traditional
chemisorption method known as volumetric or static chemisorption.

Quantitative monitoring of the chemisorption of certain permanent gases
suchasH ,,0 5, N 5 or COis a well-established method for determinin
metal crystallite size. In volumetric chemisorpti on experiments, equilibrium
adsorption is carried out in a high vacuum system ¢ apable of accurate P-V-T
measurements. The pressures (< 1 atm) and tempera tures (usually ambient)
employed allow the use of the ideal gas law, PV =n RT (R = ideal gas law
constant, determined by R = PV/T for 1 mole of gas at STP).

The most convenient experimental setup is one i n which the volume of the
system and the temperature are known constants, and the number of moles of gas
in the system is calculated by measuring the pressu re. The moles of gas
removed from the gas phase by chemisorption on the catalyst surface is measured
as a decrease in pressure of the system at constant volume and temperature.
This measurement is repeated by admitting more gas into the system and
calculating a new equilibrium pressure to complete an isotherm of moles
adsorbed vs pressure. Extrapolation to P = 0 yiel ds the total chemisorption

uptake (see figure on following page).
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chemisorption has become a routine characterization tool.

Metal Adsorbate Stoichiometry Reference
Ni H 2 H ads:Ni s =1:1 3

Ni CO CcoO ads:Ni § =0.5-3:1 4)

Pt H 2 H ads:Pt s =11 )
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The first step in volumetric chemisorption is t o calculate the number of

moles of adsorbing gas n i introduced into a known volume V k, at pressure
P and temperature T. This gas is then expanded into the known sample volume
Vs and is allowed to equilibrate to a final pressure P; . The number of
moles taken up by the sample equals the initial amo unt of gas minus the amount
left in the gas phase after adsorption equilibrium is attained:

n ags =N i =[P *(V «+Vs)/(R*T)]

The data obtained from volumetric chemisorption is of the same form as that
obtained from temperature-programmed desorption: an uptake, or moles of gas
adsorbed, per atom of metal. Even though volumetri ¢ chemisorption experiments
are governed by a relation as simple as the ideal g as law, use of the data to
determine metal crystallite size requires some unde rstanding of the chemistry
of the catalyst system involved, just as was found for temperature-programmed

desorption data.
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