Intensities of IR Bands as a Criterion for the
Activation of Adsorbed Hydrocarbons
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Introduction

Classical IR Probe Molecule Spectroscopy New Concept Experimental Strategy & Goals

Probe molecules are chosen by a supposition of the nature of the active sites (1) To characterize relevant sites, reactants of the catalytic process are used. Target reactions: Hydrocarbon (alkanes, alkenes) transformations
(e.g. NH, for acidic sites). Frequency shifts of vibrational bands of the probe (2) IR spectral intensities are proportional to the change of the dipole moment Catalysts: Zeolites with different cations, sulfated zirconia materials
itself and of surface functionalities upon formation of the surface-adsorbate during vibration and thus reflect charge dynamics. On surfaces, molecules may (1) Find examples for variations in intensity patterns.

complex are used as quantities to describe the site [1]. Frequency shifts may be be polarized and band intensities should be indicators for activation of bonds. (2) Measure relative intensities and extinction coefficients.

small and do not always relate to catalyst performance, e.g. the extraordinary The intensity distribution of IR bands of hydrocarbons can change dramatically (3) Correlate IR intensities and reactivity.

activity of sulfated zirconia in alkane isomerization could not be explained [2]. upon adsorption [3-5].
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Conclusions

1. CH bonds of alkanes experience a varying polarization upon
adsorption, demonstrated for sulfated zirconia and zeolite samples
with ethane and neopentane

- previous transmission IR experiments on the adsorption of methanol on
SIO, showed that the intensity of IR bands is not necessarily proportional
| | | to the adsorbed amount [6]; however, high pressures (= 25 hPa) were
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at low coverages (partial pressures) and with simultaneously
measured isotherms, a linear relationship between integral IR
Intensity and adsorbed amount can be obtained

2. Transmission IR and DRIFT spectroscopy are complementary and deliver high quality
spectra in regions of low (transmission mode) or high scattering (reflection mode)

3. Measurement of extinction coefficients ¢ for vibrations of adsorbed species was
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Absorbance at 4000 cm™ be determined

(activated sample in vacuum)

6. Correlation of reactivity to IR band intensity seems
possible, prediction of selectivity will be evaluated in

Neopentane gas phase CH stretching vibrations the future.

integral molar extinction coefficient: 165+2 km/mol
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- sulfated zirconia “SZ”, prepared through calcination of (NH,),SO, doped

hydrous zirconia (MEL Cat. XZO 682/01) at 823 Kfor 3hina20 g batch[8,9] ~ Transmission IR: | Y |
- 2 Wt%Fe-promoted sulfated zirconia “FeSZ”, prepared through impregnation - Nicolet Protégé 466 FTIR spectrometer in combination with all-metal vacuum system with KBr

of MEL Cat. XZO 682/01 with Fe(NO.), solution and subsequent calcination windows; samples pressed (35 MPa, 3 s) into self-supporting wafers with area weights of

= : 5 to 50 mg/cm?
23 K for 3 h in different| h
723 NI QUErentyRzedipatages o) - simultaneously with the spectra, the amount adsorbed could be measured by recording the

pressure drop upon adsorption in the system (total volume 375 ml).
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