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X1 (a) Infrared spectra of methane v, on Na-ETS-10. The dotted arrow indicates the increase of equilibrium gas phase

pressure. (b) After deconvolution of the highest spectrum of (a).

31 The frequencies v, and the shift widths Av; of methane
adsorbed on ETS-10, and the strengths of the
electric fields E estimated with the Av, values.

Vi Av, E
[em-17  [cm~!] [V/nm]*
Na-ETS-10  CH,-high 2900 —-17 —
CH4-middle 2893 —-24 9.0
CHy-low 2885 -32 10.1
Cs-ETS-10 2893 —24 —

* Estimated according to Ref.15.
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X2 Spectral changes of (a) methane v, and (b) carbon monoxide along with the subsequent adsorption of carbon
monoxide to methane on Na-ETS-10. The dotted arrows indicate the increase of equilibrium gas phase pressure of
carbon monoxide. (c) Image of the replacement of methane by carbon monoxide on cationic sites.
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X3 (a) Variations of the absorption intensity of methane and carbon monoxide along with the increase of equilibrium
gas phase pressure of carbon monoxide. A larger step corresponds to a higher equilibrium pressure. (b) Dependence
of the decrease of CHy-middle and CHy-low by the introduction of carbon monoxide on the intensity of CO-low.
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X4 Infrared spectra of methane v; on Cs-ETS-10. The
dotted arrow indicates the increase of equilibrium gas
phase pressure.

2 The frequencies v and the shift widths Av of
carbon monoxide adsorbed on ETS-10, and the
strengths of the electric fields E estimated with the

Av values.
vy Av, E
[em—1] [em—1}  [V/nm]*
Na-ETS-10  CO-high 2176 24 39
CO-low 2167 17 2.7
Cs-ETS-10 2145 2 0.32

* Estimated according to Ref.20.
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X5 Frequencies of absorption bands of methane v, which
are assigned to methane molecules adsorbed on
basic sites, on ETS-10, CeO", MgO® zeolite Y!0,
The dotted arrows of Na-ETS-10 indicate the bands
which have some possibilities of the basic sites.
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Characterization of Basic Sites by Infrared Spectroscopy using Methane as a Probe Molecule

Madoka Kishima and Tatsuya Okubo
Department of Chemical System Engineering, The University of Tokyo

Characterization of active sites and potential fields on solid surfaces or in pores of
porous materials provides useful information toward the application for catalysis or adsorption.
Compared with acidic sites, characterization methods for basic sites have not been well
established yet. In situ infrared spectroscopy using probe molecules is a useful technique for
this purpose. Methane is a strong candidate as a probe molecule for basic sites, although it
is also sensitive to the electric fields that exist, for example, around the extra-framework
cations of zeolites. A competitive adsorption with carbon monoxide partly solves this problem,
because this technique makes it possible to identify the methane molecules adsorbed on the
sites that have strong electric fields. In this article, some requirements for a probe molecule
and the way to interpret spectra are reviewed. Then, the results of an application of this
technique to titanosilicate ETS-10 (Na- and Cs-exchanged forms) are briefly introduced.

Keywords: basic site, methane, infrared spectroscopy, carbon monoxide, titanosilicate



