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IR spectroscopy is an essential technique for the investigation of surface–adsorbate 

interactions. Usually, frequency shifts of vibrations of surface functional groups (e.g. OH) or 

of an adsorbed molecule relative to its gaseous state are analyzed. We have presented 

evidence [1–3] that additional information can be extracted from the intensity distribution of 

adsorbate vibrations. Intensities of IR bands depend on the change of the dipole moment 

during vibration, and hence they reflect the polarization and activation of a chemical bond. IR 

extinction coefficients are thus potentially extremely useful in understanding the catalytic 

function of surfaces. 

While the evaluation of relative intensities is straightforward, the determination of extinction 

coefficients of adsorbed species is a demanding measurement. A vacuum and gas-dosing 

system with calibrated volume that encompasses the sample position in an IR spectrometer 

was constructed to simultaneously measure the adsorbed amount and the corresponding 

transmission spectra. The adsorption of light hydrocarbons on zeolites and modified 

zirconium oxides was studied. For low adsorbate coverage (< 0.2 mmol/g) integrated 

intensities of CH stretching bands were always proportional to the adsorbed amount. 

However, as a general trend, the apparent integral molar extinction coefficients increased with 

the scattering power of the specimen, limiting investigations to thin specimens of particular 

samples. 

The introduction of different cations into a zeolite provides a possibility to vary the polarizing 

power of the adsorption sites while retaining the structural environment. CH stretching 

vibrations of ethane adsorbed on a series of zeolite-mordenite samples showed a wide 

variation in the intensity distribution depending on the cation nature (Ca, Na, H). The absolute 

intensities of CH-stretching vibrations of ethane adsorbed on zeolite Y increased in the 

following sequence: Na < Mg < Ca. 

The results demonstrate that absolute intensities of CH stretching vibrations of adsorbates 

reflect the chemical activation arising from the polarization by the surface. IR extinction 

coefficients are a new quantitative criterion to evaluate the perturbation induced by a 

catalyst’s active sites. 
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