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Introduction

There are a number of potential advantages of Raman spectroscopy over other
techniques available for catalysis studies. The main limitations of conventional Raman
spectroscopy are the relatively low sensitivity and the fluorescence interference. The latter
is an even severe problem for the characterization of many real catalysts which often show
strong fluorescence arising from the surface species like carbonaceous species derived
under working conditions. The fluorescence is nearly absence in the region when the
wavelength is shorter than 300 nm. So the fluorescence interference can be avoided by
shifting the excitation laser from the visible region where for conventional Raman
spectroscopy to the UV region (below 300 nm) where without fluorescence interference.
The fluorescence is left behind in the visible region while the Raman spectrum is moved
out from the fluorescence region to the UV region. So the fluorescence interference can be
avoided for most catalysts in the UV Raman spectroscopy,' this open the possibility for
characterizing the catalysts which are difficult to obtain the visible Raman spectra mainly
because of the strong fluorescence interference. Another advantages of UV Raman
spectroscopy may be the resonance Raman enhancement in some Raman bands because the
UV laser could frequently excite the electronic states of samples.

Results and Discussion

Using UV Raman spectroscopy, we have studied sulfated zirconia,’ coked FCC catalysts,’
zeolites and alumina-supported oxides™ that all have strong fluorescence background in
their visible Raman spectra, but free of fluorescence interference in the UV Raman spectra.
The UV Raman spectroscopy opens the possibility for characterizing those catalysts that
are difficult to study by conventionally used visible Raman spectroscopy. This also allows
us to study catalysts under working conditions with in-situ Raman spectroscopy.

One of the very interesting issues in transition metal substituted zeolites or molecular sieves
is to identify the framework transition metal ions. The charge transfer transition between
the framework oxygen atom and framework transition metal atom, namely, pn—dn
transition falls in the 200-350 nm region for most zeolites with the framework transition
metal atoms (e.g., 220 nm for TS-1, 250 nm for Fe-ZSM-5, and 270 nm for V-MCM-41).
Thus, it is possible to identify the framework transition metal atoms based on the UV
resonance Raman effect. We have studied the transition metal ions in the framework of
molecular sieves using the UV resonance Raman spectroscopy. For examples, titanium ions
in TS-1,° iron ions in Fe-ZSM-5" and vanadium ions in V-MCM-41® were successfully
identified. Recent study on Fe-ZSM-5 shows that UV Raman spectroscopy can follow the
synthesis of Fe-ZSM-5 from the very beginning of the zeolite synthesis through the
formation of Fe-ZSM-5.



The visible Raman study of the supported molybdate has been limited to the low loading of
molybdate because of the low sensitivity and the strong fluorescence interference of the
conventional Raman spectroscopy. Our recent studies showed that UV resonance Raman
spectroscopy is a very sensitive technique for the characterization of the coordination
structures of supported molybdate even with extremely low loading even down to 0.1 wt%
MoOs. This makes it possible to get the information of the interaction between the surface
molybdate species and the support particularly when the concentration of the surface
molybdate species is very low. The low concentration of supported vanadium oxide can be
also detected by UV resonance Raman spectroscopy.

Zirconia exhibits three different phases: monoclinic (m-ZrQ,), tetragonal (t-ZrO;) and
cubic (c-ZrO,). t-ZrO, is a metastable phase of ZrO, at low temperatures and it changes
into m-ZrO2 at elevated temperatures. Stabilized tetragonal zirconia is considered as an
important structure for ceramics and sulfated zirconia catalyst. But the phase transformation
from the metastable tetragonal (t) phase to the monoclinic (m) phase of crystalline ZrO,
prevents its applications from a broader temperature ranges. Many studies have addressed
the factors that affect the phase transformation of tetragonal zirconia, however, past
investigations provided the information mainly on the bulk of ZrO,. We present our recent
results'® about UV Raman spectroscopic studies on the phase transformation of zirconia,
sulfated zirconia and yttrium oxide doped zirconia. It is found that the UV Raman
spectroscopy is a surface sensitive technique for zirconia because zirconia has UV
absorption. The UV Raman spectra together with visible Raman spectra and XRD patterns
indicate that the phase transformation starts from the surface region of the particle and then
extends into the bulk. Recent advances in UV Raman spectroscopic characterization of
catalysts show that this new technique can successfully follow the detailed structural
evolution of a catalyst under the synthesis procedure.' "
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