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ABSTRACT

MgCl,-supported Ziegler-Natta (ZN) catalysts for olefin polymerization are intrinsicallycomplex
multi-component systems, whose composition is the result of a long optimization process, mostly
achieved in an empirical manner, either through a trial and error approach or through the more
modern high-throughput screening of all the possible parameters. As it happens in many catalysts,
nano-size and disorder are key features of ZN catalysts.! The structural and surface properties of
MgCl, strongly depend on its activation that allows moving from the two crystalline polymorphs
of MgCl, (ae and 3 phases) to a high-surface-area material actually suitable for catalytic applications
(6-MgCl,). MgCl, as a support material offers unique advantages in terms of abundance and
distributionof stereo-specific highly active sites’, together with the regulation of the morphology
of the producedpolymer. The presence of multiple components interacting with each other and
their sensitivity to moisture are the main difficulties encountered in the attempt to investigate
these systems from an experimental point of view, which opened routes to quantum mechanics to
provide insights into thosecomplex systems.

The seminal MgCl, models as obtained from molecular mechanics in the 1980s presented the

(110) and (104) lateral surfaces as the putative surfaces for the adsorption of monomeric TiCl, and

dimericspecies, respectively giving rise the first to a nonstereospecific site, whereas Ti,Cls dimers
would form on the (104) surface adducts with stereospecific properties. However, recent DFT
studies haveclaimed the crisis of those models,v warning about the critical thermodynamic
stability of TixClax species on flat and regular MgCl; surfaces and moving towards a much more
complex morphology of the 6-MgCl2 particles, where defective sites (such as steps, corners, and
interfaces between two different surfaces) play a major role.

We recently investigated the effect of nanosize and structural disorder on the MgCl; support of
Ziegler-Natta catalysts in terms of induced changes to its vibrational spectroscopic fingerprint by
resorting to both periodic and cluster models. In particular, we adopted the inelastic neutron

scattering(INS)" technique as a method for the characterization of materials with a certain degree
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of defectivityand our investigation shows the central role of quantum mechanical simulations for
a correct interpretation and valorization of the experimental INS spectra. Due to the nanosized
nature of investigated catalysts, understanding the structure and properties of MgCl,/TiCls
clusters is a key to uncover the origin of Ziegler-Natta catalysis. In particular, vibrational
spectroscopy can sensitively probe the morphology and active species of MgCly/TiCl,. We
determined vibrational spectroscopic fingerprints of 50MgCl, and 50MgCl,/3TiCl, which were
obtained by non-empirical structure determination based on an evolutionary algorithm and DFT."
The adsorption of CO, TiCl, and TixClsdimers was also modelled on each of coordinatively
unsaturated Mg?* sites available for binding including so-called defect sites, which are likely
present at the surface of activated MgCl, nano- crystals and plausible sites for strong TiCl, species
adsorption. Vibrational analysis (IR and Raman)on plausible models of TiCls/ MgCl, clusters
revealed that IR response is useful to distinguish between the different ways of binding of TiCl, on
different sites of adsorption, whereas Raman response provides a clear fingerprint of supported

TiCl, species.
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