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Figure 1. Praying Mantis™ with its
Low Volume High Temperature

Reaction Chamber installed.

The ability to rapidly altar the environment inside of spectroscopic
cells is of vital importance for the growing application of transient
experiments (e.g., modulation excitation spectroscopy, chemical tran-
sient kinetics) to characterize catalytic materials and determine the
kinetics and mechanisms for heterogenous catalytic processes. Key to
this is the need for cells that have a low dead-volume to allow for the
efficient introduction and removal of gases. It has been demonstrat-
ed that for step transient experiments it is possible to exchange the
gas environment in a reaction chamber in < 4s at high flow rates (1),
but it’s applicability to more complex experiments have not yet been
tested. Herein, we demonstrate that the Harrick Low Volume HVC
reactor chamber can be utilized for pulse chemisorption experiments.
Using the test case of CO pulsed chemisorption over a Pt/SiO, catalyst
we demonstrate that the reactor cell allows precisely controlled pulses
of CO to be introduced sequentially over the catalyst surface, afford-
ing calculation of the surface site density and to visualize the satura-
tion of different sites.

The Harrick Low Volume HVC Reaction chamber was installed
in a Praying Mantis™ diffuse reflectance accessory mounted in the
sample compartment of a Bruker Invenio Fourier-Transform Infrared
Spectrometer (FTIR) that was purged with dry N, with the inlet
and outlet of the reaction chamber attached to a rapid switching gas
handling system (2). The Pt/SiO, catalyst was synthesized and packed
into the reactor using the previously reported method (3). The sample
temperature was measured by a K-type thermocouple in the sample
cup and was maintained using a Harrick ATK Temperature Controller.
The sample surface temperature was calibrated by an optical pyrom-
eter due to a thermal gradient between the thermocouple contact and
the exposed catalyst temperature (4). The catalyst was cleaned by an in
situ O, treatment (5 % O, balanced in Ar) followed by H, treatment (5
% H, balanced in Ar) at 350 °C. The FTIR spectra were acquired with
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Figure 1. A) DRIFT spectra of a Pt/SiO, catalyst at 15°C during 20 sequential pulses of a 0.2% CO 1% Kr stream balanced in Ar.
B) Integrated absorbance of the multi-bound CO region, linear-bound CO region, and the total spectra. The number of multi-
bound CO sites saturates rapidly within 5 pulses, whereas the number of linear bound CO molecules is still slowly increasing

after 20 pulses.

200 scans with a resolution of 4 cm™ using a liquid-ni-
trogen-cooled MCT detector. The background mea-
surement was acquired in Ar at 15°C following the H,
treatment. Using the rapid gas switching system a
series of 20 pulses were generated by rapidly switch-
ing between a stream of Ar and a stream of 0.2%

CO and 1% Kr balanced in Ar for 500 ms with a 60 s
pulse spacing at a total flow rate of 25 SCCM (Figure
1). Using this method, sub-monolayer amounts of

CO could be adsorbed onto the surface of the catalyst
per pulse, allowing efficient titration of empty sites
on the catalyst. We find that during saturation, the
multi-bound CO sites saturate within 5 pulses, but
the linear-bound CO had still not saturated after 20
pulses of CO. This work demonstrates that precisely
controlled pulse experiments are possible in a Harrick
Low Volume HVC Reaction chamber.

REFERENCES

1.0’Connor, C. R., Le, S., Kim, T.-S. & Reece, C.
Resolving Transient Responses of Catalyst Systems
to Reactant Stream Modulation Using Low Volume
HVC DRIFTS Reactor. Harrick Scientific Appli-
cation Note No. 21176.

2.High, E.A., Lee, E. and Reece, C., 2023. A tran-
sient flow reactor for rapid gas switching at atmo-
spheric pressure. Review of Scientific Instru-
ments, 94(5).

3.T.-S. Kim, C. O’Connor, C. Reece, Interrogating
site dependent kinetics over SiO,-supported Pt
nanoparticles (2023) Preprint Available at:
https:/doi.org/10.21203/ rs.3.rs-3235489/v1

4.H. Li, M. Rivallan, F. Thibault-Starzyk, A. Tra-
vert, F. C. Meunier, Effective bulk and surface
temperatures of the catalyst bed of FT-IR cells
used for in situ and operando studies. Phys. Chem.
Chem. Phys. 15, 7321 (2013).

HARRICK SCIENTIFIC PRODUCTS, INC.
141 Tompkins Avenue, 2nd Floor, PO Box 277
Pleasantville, New York 10570

www.harricksci.com | info@harricksci.com
International: 1-914-747-7202 | USA: 800-248-3847
Fax: 914-747-7209

2


http://www.harricksci.com
mailto:info%40harricksci.com?subject=
mailto:https://harricksci.com/application-notes/?subject=
mailto:https://harricksci.com/application-notes/?subject=
https://doi.org/10.21203/rs.3.rs-3235489/v1

