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Pulse Chemisorption: Overview

1. Background

Previous issues of AMI Notes have discussed different selective chemisorption techniques and how they
may be used to determine the specific metal surface area of supported metal catalysts. One additional
technique commonly used for the same purpose is pulse chemisorption. This method is one of the
simplest, most straightforward ways to measure adsorbate uptake by a metal surface; however, as with
most other measurements in catalysis, interpretation of the results can be problematic if the nature of
the catalyst system and the experiment itself are not well-understood.

Pulse chemisorption is often used to calculate the particle dispersion and surface area of reduced metal
catalysts supported on metal oxides. Both CO and H, are commonly used adsorbates; CO equilibrates
quickly and adsorbs more strongly to most metals, while H; is effective and non-toxic.

A 2025 study by Kanuri et al. used an AMI 300 Chemisorption Analyzer with H, adsorbate to calculate
the dispersion and metallic surface area of Cu® in CuO-ZnO-CeO, catalysts.®) Combined with X-ray
diffraction (XRD) and scanning electron microscopy (SEM), H, pulse chemisorption was used to
determine which synthesis method yielded the highest Cu dispersion. However, adsorbate gas is not
limited to CO and H,. Warmuth et al. also used an AMI 300 with N,O gas to calculate the surface area of
Cu® catalyst supported on ZnO/Zr0O, and Zn0O/Zr0,/Si0,.? They were able to quantify the decrease in Cu®
surface area as a function of reaction time on stream.
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Figure 1: Schematic comparing the pulse chemisorption process with an empty sample cell (top) and a sample cell with adsorbent

material (bottom)
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This AMI Note discusses the principles of pulse chemisorption experiments as well as some common
experimental observations.

2. Methods

Pulse chemisorption measurements are usually carried out in an atmospheric pressure flow system at
ambient temperature. A small catalyst sample (0.1-1.0 g) is placed in a small diameter cell usually of
quartz or stainless-steel construction. After appropriate pretreatment to provide a clean, reduced
metal surface, the sample is subjected to flow of an inert gas such as Ar. A small amount of
chemisorbing gas is injected into this Ar stream before it flows over the catalyst. The composition of the
stream exiting the sample cell is monitored quantitatively by a thermal conductivity detector (TCD) or
similar device, and this signal is compared to that produced by the injected pulse of chemisorbing gas
flowing through the cell in the absence of the sample. This process is shown schematically in Figure 1. If
the amount of chemisorbing gas in the injected pulse is known, the uptake by the catalyst may be
calculated, as shown in Figure 2.

Often, very little signal is detected after the initial pulse of adsorbate over a clean catalyst surface. This
indicates that the catalyst surface has adsorbed all of the chemisorbing gas in the pulse. Pulse 1 in the
sequence shown in Figure 3a demonstrates this complete uptake. This pulse procedure may be
repeated many times over the same sample. As the catalyst surface becomes saturated with adsorbate,
less and less of the gas in each pulse is taken up by the sample. With each pulse, the size of the detector
signal increases until it becomes constant and equal to the blank cell pulse signal. The total
chemisorption uptake by the sample is then given by the sum of the uptakes from all of the pulses prior
to saturation. The sequence of CO pulses shown in Figure 2 ends with saturation of the surface.

Empty Cell a) Sample Cell: 0.5g Pt/Al,0, b)
1
i
T - = | 1 COuptake
= [=] I
o o0 I
0 0
3 1
1 R
Temperature Temperature

Figure 2: A 50 microliter pulse of CO in He a) after exiting an empty sample cell and b) after exiting a sample cell containing 0.5 g
Pt/Al:0s; the difference in area of the two pulses gives the amount of CO taken up by the catalyst surface
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3. Advantages of Pulse Chemisorption
Pulse chemisorption experiments can usually be completed more rapidly than other selective
chemisorption techniques used for determining metal surface areas for the following reasons:

v' It entails the equilibrium adsorption of adsorbate under sub-atmospheric pressure, which can be
completed in less than an hour.

v' Pulse chemisorption requires fewer steps compared to temperature-programmed desorption
(TPD).

Pulse chemisorption experiments can also be standardized more readily than the other selective
chemisorption techniques because there are fewer parameters to set (gas flow rate, sample
temperature, and pulse size). Volumetric chemisorption and TPD experiments require more steps and
therefore more interacting parameters.

In practice, pulse chemisorption is often the preferred method of determining metal surface areas
because of the advantages described above. However, some features of the pulse chemisorption
technique make it difficult to use and can provide misleading results for some catalyst systems.
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Figure 3: A sequence of pulses of CO in He over a clean Pt/A1:0; catalyst resulting in complete saturation of the surface

4. Limitations of Pulse Chemisorption
Flow techniques such as pulse chemisorption and TPD often give misleadingly lower uptakes than
volumetric chemisorption due to the following:

v Inherent difficulty in measuring weakly held adsorbate molecules under inert gas flow, in which
the gas desorbs in a slow, continuous manner which only adds to the baseline signal, and;

v' Slow adsorption kinetics at the experiment temperature.
Pulse chemisorption experiments have been carried out with a wide variety of catalysts however, and

when used properly, the technique can become a routine and useful method of catalyst
characterization.
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5. Conclusions

Metal particle dispersion and surface area are important variables in catalyst development, often
affecting the catalyst stability and rate of conversion. Pulse chemisorption is a straightforward and
effective method for measuring these parameters, and AMI offers several user-friendly options for
pulse chemisorption analysis, shown in Figure 4. The AMI 300 has proven to provide accurate and
impactful pulse chemisorption results for catalytic research,"® and the new AMI 400 boasts enhanced
safety, high precision, and customizability at a competitive price point.
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Figure 4: Highlight of the AMI 300 and AMI 400 Chemisorption Analyzers
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