ADVANCED
MEASUREMENT
INSTRUMENTS .

yayyl

Optimizing Adsorbate Selection, Adsorption Conditions, and

Stoichiometry in Chemisorption for Supported Metal

Catalysts
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high activation energy. As shown in Figure 2:

v Fig. 2a: Room temperature H, adsorption
yielded minimal H, desorption, and;

Table 1: Commonly used adsorbates and adsorbents, their

applications, and potential safety concerns

v Fig. 2b: Elevated temperature H, adsorption, followed by cooling in hydrogen, resulted in full site

coverage and a significant TPD signal.
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Figure 1: Potential energy diagram for the physisorption (blue) then chemisorption (orange) of an adsorbate
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Figure 2: Temperature programmed desorption (TPD) patterns of hydrogen chemisorbed on Co/Al203 at room temperature (a) and 100
°C (b)
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2. Choice of Adsorption Conditions
Adsorption conditions must balance complete surface coverage with minimal side reactions. The
typical parameters which can be controlled are temperature, time, and concentration.

v' Temperature: Sufficiently high to ensure adsorption, but below levels that promote undesirable
reactions (e.g., CO disproportionation to COz and carbon)

v' Time: Long enough to allow for equilibrium

v" Concentration: Excess adsorbate gas compared to surface sites

It is recommended to start chemisorption at temperatures between 100 — 200 °C for 30 — 90 minutes
and then flush with inert gas at lower temperatures to remove weakly held species. TPD can then be
utilized to observe the degree of chemisorption, and the parameters can be adjusted accordingly.

However, care must be taken to avoid spillover, where adsorbates migrate from metal crystallites to
the support (see Figure 3). This is a kinetically slow process that can distort TPD data if adsorption
times or temperatures are too high.

3. Adsorbate Stoichiometry

Interpreting TPD results requires knowledge of the adsorbate-metal stoichiometry (i.e. how many
adsorbate molecules are chemisorbed for every surface metal site). While direct measurement is not
possible in simple TPD experiments, stoichiometry can be estimated by:

v Comparing chemisorption surface area to BET surface area
v Infrared (IR) spectroscopy
v Crystallite size measurements via TEM or XRD
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Figure 3: Schematic representation of a dissociative chemisorption process over a supported metal catalyst, including spillover onto the
support
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v' TPD paired with real-
time catalyst surface
analysis using built-in
FTIR spectrometer

General Rules:

v H,, O,: dissociative adsorption, as shown in Figure 3
(stoichiometry = 0.5).

v CO: Stoichiometry varies widely (0.5 to 2), depending on
metal and crystallite size.

4. Advanced Stoichiometry Determination v' Equipped with

Using the AMI 300IR proprietary catalyst

For IR-active adsorbates (such as CO, NO, and selected holder and Severa!l .
hydrocarbons), the AMI 300IR provides a superior method heated IR transmission
for stoichiometry determination. By integrating in-situ IR cells

spectroscopy with TPD and chemisorption analysis, the AMI
300IR enables:

v Quantitative analysis: Peak areas correlate directly to
adsorbed species concentrations

v Speciation: Differentiation between linear, bridged, or
multidentate adsorption geometries

v Dynamic monitoring: Real-time observation of adsorbate
behavior during adsorption/desorption cycles

AmI-300R]
-

During CO adsorption, the AMI 300IR can distinguish linear

CO on atop sites from bridged CO species, demonstrated in AMI 300IR
Figure 5. This capability enhances stoichiometric precision
and provides deeper insight into adsorption mechanisms. Figure 4: Highlighted features of AMI 300IR

The AMI 300IR is particularly valuable for:

v Validating adsorption models ““9-'1" co Bridgled co
v Confirming stoichiometries in complex 0.20 | r L |
or supported catalysts B 018 -
v Enhancing the accuracy of TPD £ o016
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