
Monitoring Aqueous Phase Reactions by Operando ATR-IR
Spectroscopy at High Temperature and Pressure: A
Biomass Conversion Showcase

How would you describe to the layperson the most
significant result of this study?

The development of more efficient chemical conversion proc-
esses requires a thorough understanding of the mechanistic
details of the reaction taking place. Online monitoring of
chemical reactions by spectroscopy is an attractive technique as
it provides valuable information on reactants, intermediates
and products even at extreme conditions. In addition to the
high temperature and pressures conditions, spectral interfer-
ence from bulk water, molecular interactions, high substrate
loading are among the challenges for monitoring chemical
reactions with spectroscopy. We have addressed each of these
challenges and ultimately produced high-quality spectra, which
is more suitable for chemical interpretation by taking the
catalytic conversion of lignin, an abundant bio-polymer, as
showcase.

What was the biggest challenge?

The biggest challenge was to realize the effect of some of the
interferences on the Attenuated Total Reflection Infrared (ATR-
IR) spectra and then to design experiments to address them.
For example, the ice growth on the MCT (Mercury Cadmium
Telluride) IR detector was not an obvious challenge. It was
caused by malfunction in the sealing around the IR detector
allowing air to leak and come into contact with the detector,
causing condensation of water vapor and eventually icing of
the detector surface. This ice growth blocked part of the
detector surface and eventually showed up as absorption of

infrared light. Such unexpected leak, although small, can
seriously hamper any qualitative and quantitative analysis and
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it took great deal of experimentation and analysis before
realizing this problem and then proposing the reported
solution.

What future opportunities do you see?

The work was developed for the kraft lignin Aqueous Phase
Reforming (APR) reaction as a showcase. In future biorefineries,
water will be the solvent of choice for many biomass-related
catalytic processes, hence, the developed method is expected
to be applied for other lignin and biomass related chemical
processes. Furthermore, as the developed method is more
generic, it is also expected to be applied for operando

spectroscopy measurements in liquid phase in general. We
foresee many applications for the developed protocols.

Who designed the cover?

The cover page was designed by Dr. Thomas Hartman, who
started his own business in scientific illustration
(thisillustrations.com) few years ago. Thomas Hartman is still
affiliated with our research group at Utrecht University as a
postdoctoral fellow after making his PhD thesis in the area of
operando Raman spectroscopy of catalytic processes.
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