— 329 —

ORIGINALS (3)
ZEE, EEREEO Raman-Ellipsometry 3¥:53#r

woEOE K M B P!
JRERE R PAMERTARER  TO60  ALBTEIRESIL 11 &Y 10 T H
(1886 4ET B 3 K=

Optical Analysis of Surface Layers and Surface Carbon
Species by Raman-Ellipsometry Spectroscopy

Masao WATANABE and Toru KADOWAKIT

Research Institute for Catalysis, Hokkaido University
Kita-ku, Sapporo 060

(Received July 3, 1986)

A combined system of Raman spectroscopy and ellipsometry is developed for the study of catalyst
surfaces on which a chemical reaction is taking place. A surface layer or a surface compound
produced in the reaction is analyzed by an ellipsometer and a Raman spectrometer, the products in
gas phase by a mass spectrometer, and the surface species by the Raman spectrometer. A special
reaction cell iz designed for the optical measurement under high temperature-high/normal gas pres-
sure conditions.

The Boudouard and dissociation reactions of CO molecules on Fe and FesOs catalysts are studied.
A surface layer produced by diffused C and O atoms and a thin oxide layer formed during the CO
dissociation reaction are observed, and their thicknesses and the dielectric constants are determined.
Raman spectra reveal several kinds of carbon species such as a defective graphite, an Fe carbide
and an unstable surface graphite formed on the Fe and FesQ; surfaces. The reactivity of those
species with HeO is studied.
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Fig. 1 Normal/high pressure reaction cell for
the Reman-ellipsometry obhservation of cata-
lyst sarfaces.
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Fig. 2 Ellipsometric responses to. reactions of
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vsis.
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Fig. 3 Reaction time courses of the ellipsometric angles at 200°C or 350°C

for (a) CO/Fe system; |
shown in Fig. 6, and for (B

indicates the observation of Raman modes
) CQ/FesQs system ; | indicates the ohserva-

ticn of Raman modes shown in Fig. 5.
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Pig. 4 Raman spectra of {a) a (110} single crys-
talline FesQs, and (b) a polycrystalline FesOs
observed at 23°C in a vacuum,
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Fig. 5 Effects of the CO reaction shown in Fig,
3 {b) on the Az Raman mode observed in situ
at 3B0°C. (a) before the CO reaction, {b) dur-
ing the CO reaction.
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Fig. 8 The A Raman mode observed from a
thin FesOa4 layer produced on an Fe plate.
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Fig. 7 Laver model for the simulation caleula-
tion of the thin FesQ4 layer formed on the Fe
plate.
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Fig. 8 {a) Raman spectrum at 23°C of surface

carbon species produced by the CO reaction with
the clean Fe surface at 300°C. {b) a new Raman
mode at 1121em™! from unknown carbon species
which is created by a thermal treatment at 420
°C for the carbon species shown in (a).
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Fig. 9 (a) Raman spectrum at 23°C of surface

carbon species produced by the CO reaction
with the FeaOs surface at 300°C, (b)) Raman
spectrum at 400°C of the cacbon species under
the reaction with H:O for 1hr. {c¢) Raman
spectrum at 400°C under the reaction with H:0O
for 2 hrs.
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