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Our society is confronted to an epoch-making crisis, bearing contradictory and 
challenging requests: on one side, raw materials and energy sources are rarefying, on the 
other, populations call for a better quality of life and easy access to goods, especially in 
the developing countries. Answers to these demands necessarily go through a more 
efficient use of the natural and energetic resources, limiting waste and reducing pollutant 
emissions. Practically, this can be obtained using efficient catalytic processes designed 
for sustainable energy economy and/or for emission abatement. The time of catalysts 
formulation by empirical “trial and error” methods is already well behind us, while the 
use of screening methods have not been able to produce significant advances in catalyst 
discovery. Both academia and industry are convinced that in order to have an efficient 
catalyst design, a rational approach is necessary. 
Real-time spectroscopy during reaction coupled to simultaneous activity measurements in 
a kinetically relevant cell (operando methodology) provides the insight for a knowledge-
based catalyst design. The use of spectroscopic techniques during reaction monitoring 
uncover how a catalytic surface behaves and which are the relevant catalytic steps, active 
sites and reaction intermediates during a given process.1,2

The determination of kinetically relevant data requires that the chemical engineering 
aspects of operando reactors are fully considered: thermal, mechanical and fluid-dynamic 
constraints present in the industrial applications must be respected. Once the mechanism 
and actual working phase are established, the pathway to a successful formulation and 
improvement of catalytic systems is paved. While there has been significant progress in 
the assessment of catalysts in powder shape, there are additional constrains for shaped 

 IR spectroscopy is a technique 
particularly adapted for understanding the mechanism of a catalytic reaction, being able 
to probe the surface mechanisms at the molecular level. Therefore, several examples will 
be presented to highlight the pertinence of the infrared tool in the characterization of a 
catalyst at work. The majority of them will deal with environmental relevant reactions, 
such as the exhaust catalytic control (particularly challenging to be studied, since the 
catalyst is submitted to extreme conditions, as in NOx-trap or SCR processes), or the 
VOC abatement (oxidation of oxygenated molecules). To discover the active sites and 
discriminate the intermediates, transient conditions are known to provide clear added 
value. To circumvent the problem of maintaining the real reaction conditions of the 
operando approach while simultaneously using transient parameters, the SSITKA 
methodology will be discussed, completed by thorough kinetic calculations. 



catalysts, notably monoliths, where a large part of the processes are carried out. 
Therefore, the direct analysis of a monolithic catalyst during reaction is of paramount 
importance.  Up to now, mainly 
the active phase in powder or 
pelletized form has been studied, 
eventually upon removal from the 
wash-coated device.3

suffer from the loss of information due to casting removal/alteration and the lack of a 
truly relevant dynamic regime. Understanding the behaviour of surface species in real 
conformed catalysts during real catalytic operations is a paradigm shift towards a more 
rational development of future catalytic systems. When IR spectroscopy (one of the most 
advantageous for mechanistic studies) is used, measurements in transmission conditions 
are essentially necessary to provide quantitative information. Recently, we have 
demonstrated the feasibility of such an approach showing the possibility to record IR 

-5 The results 
obtained in such a way are 
certainly informative, but they 

spectra of a cordierite-supported 
catalyst analysed by transmission 
and even monitoring a catalytic 
reaction inside a monolith using a 
newly conceived operando IR 
reactor-cell, providing academic 
and industrial relevant parameters 
such as intrinsic activity constants, 
mass transfer constants and 

efficiencies of the porous system as a function of operating parameters, such as 
temperature and fluid dynamic conditions.6

This methodological approach allows at investigating also other kinds of materials at 
work besides catalysts. For example, membranes and absorbers can be monitored both 
under the point of view of the guest molecules interacting with the functional sites and of 
the dynamic modifications induced in the hosting solid. Again, this is the first step 
leading to the design and synthesis of new generations of performing devices. 
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