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Finding efficient ways to mitigate the ever-increasing amounts of anthropogenic CO2 emissions is one of the biggest challenges 
of the century. To this end, solid sorbent materials are actively being sought for CO2 capture technologies. Because of their 
significantly lower regeneration cost, compared to liquid absorbents, amine-modified porous silicas (AMPS) are among the most 
promising CO2–adsorbents for replacing the decades-old liquid amine scrubbing technology. In contrast to many other solid 
adsorbents, AMPS are “moisture-tolerant” and selectively chemisorb CO2 from low-concentration mixtures, important features for 
operating under large-point CO2 emission source conditions. 
 
The nature of CO2 species interacting with porous surfaces determines the gas sorption capacity/kinetics, selectivity, stability, 
and regenerability. However, an atomic-level understanding of the CO2-AMPS sorption process remains elusive, hindering our 
ability to design improved sorbents. The lack of advanced spectroscopic studies, tailored to elucidate the structure of adsorbed 
gas species, has also been a major bottleneck for further progresses in understanding the physical chemistry of gas-solid 
interfaces. Adapting spectroscopic tools to the study of confined species, interacting with porous surfaces, is not trivial. Herein, I 
will show that ssNMR is unique as it can act as a bulk or surface site-selective technique to study material surfaces of 
‘amorphous’ AMPS porous adsorbents.  
 
 
This presentation will quickly overview my previous research achievements and seeding ideas that provided the spur to embark 
on my ERC project. The last research advancements, recently obtained in my group, towards a better understanding of these 
CO2-sorbent materials, will be showcased. The power of ssNMR techniques, computational methods and smart materials 
modification can be combined to unravel the complex nature of CO2-adducts formed at AMPS surfaces, under controlled 
atmospheric conditions. Details on the rather controversial formation mechanism of moisture-induced CO2 species are provided 
as water is a key component in flue gas streams, hypothesized to enhance CO2 sorption capacity, and playing a major role in 
CO2 speciation. The interconversion between distinct chemisorbed CO2 species, under wet and dry conditions, is quantitatively 
assessed by ssNMR in silica sorbents grafted with amines possessing distinct bulkiness. It will be shown that ssNMR can detect 
proton-transfer mechanisms and validate the formation of different amine aggregation states in functionalized silicas; as well as 
assign various hydrogen-bonded CO2 species that may occur upon formation of bicarbonate, carbamic acid and alkylammonium 
carbamate ion pairs. 
 
This presentation will end by describing the main approaches devised to overcome the challenges that lie ahead in my ERC-
COG project, aiming to find synergies with CIQUS-USC researchers.  
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