
Activation of carbon dioxide by transition metal chloride anions. An experimental,
theoretical, and statistical study of intramolecular interactions.

Aktywacja dwutlenku węgla przez aniony chlorków metali. Badania eksperymentalne,
teoretyczne i statystyczne oddziaływań międzyatomowych.
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The interrelation between a neutral carbon dioxide molecule and a transition metal is a fundamental aspect
of both laboratory and large-scale processes in which CO2 can be converted into complex chemicals and polymers.
Describing binding motifs1 and physical  factors2 governing the catalytic  activity of a negatively charged metal-
containing species in CO2 activation processes is of high relevance to the industry and chemistry in general.3

The present combined model study by electrospray (ESI) mass spectrometry (MS) experiments, quantum
chemical calculations, and statistical analysis was devoted to the examination of a variety of structural motifs of CO2

complexes [ClM(CO2)]– containing first-row transition metals tagged by chloride as a charge carrier, (M=Sc, Ti, V,
Cr, Mn, Fe, Co, Ni, Cu, Zn). 

In this work, we present spectra of mass-selected ClM– ionic species which were exposed to CO2 in the
collision cell of API3000 triple-quadrupole mass spectrometer. Formation of [ClM(CO2)]– complexes was observed.
In  order  to  determine  the  reaction  energies,  collision-induced  dissociation  (CID)  experiments  were  applied  to
[ClM(CO2)]– complexes. Two fragmentation pathways were noted: the dissociation of the complexes into ClM– and
CO2 species and carbon monoxide formation, inferred from increasing  ClMO– signals. All experimental findings
were confirmed by extensive quantum chemical calculations.

In the second part of this study, theoretical investigations of [ClM(CO2)]– binding motifs were performed
by using DFT methods. The ClM– species can coordinate to CO2 in five different modes; all possible isomers for
each metal core were statistically distinguished and precisely examined by Principal Component Analysis (PCA)
based on geometrical,  spectral,  and energetic parameters.  Additionally, in order  to understand how strongly the
carbon dioxide molecule is activated by different transition metals in terms of the key angle between O-C-O atoms,
Complete Active Space SCF calculations for ground and excited states were carried out. This part of the study forms
a general picture of the catalytic strength of first-row transition metals.

Finally, transition metals from scandium to zinc were carefully studied and described both experimentally
and theoretically as active elements for CO2 capture and sequestration.
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