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Heterogeneous Ziegler-Natta catalysts are 4

pivotal in the industrial production of WL
polyolefins, such as polyethylene and e Genetc ot ’ R
polypropylene. Their nano-sized building Potential

unit is called primary particles. Elucidation ﬁ > 4
of the structure of primary particle iS i, ifiokesurtce o Defective, nanasized, reakscale

believed to be central to understanding their
catalytic functions. However, the inherent complexity of solid surfaces has made experimental
characterization challenging. We show our recent efforts to determine the structure of the primary
particle of the Ziegler-Natta catalysts by integrating traditional computational chemistry and
machine learning. We provide the first computational insights into long-standing issues in the
field, including the origin of the structural distribution of produced polymers and impact of Lewis
bases on the preferential formation of stereospecific structures. Furthermore, the approach we
developed holds promise as a general method to be applied to other nanoparticle surfaces,
advancing the molecular modeling of complex solid surfaces.
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Figure 1. Workflow of the developed structure
determination program and the most stable
structure of 15MgClz and 15MgCl2/4TiCla.
Reproduced from Ref.13.
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Figure 2. Energetically accessible structures for
15MgClI2/4TiCls and bare 15MgCl.. The energy is
denoted with respect to the energy of the
corresponding most stable structure. Reproduced
from Ref.13.
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Figure 3. Classification of TiCla molecules
adsorbed on MgClz. The mononuclear species

on {110} surfaces are further classified according

to a three-site model. Reproduced from Ref.14.
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Figure 5. Distribution in the activation energy of
ethylene insertion. 30 mononuclear species on
{110} surfaces were selected from energetically
structures for
19MgCl2/4TiCls. Reproduced from Ref.14.
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templates, and placement of TiCls and terminal Cl. Reproduced from Ref. 24.
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Figure 9. Most common neighborhood patterns
of {110} mononuclear TiCls species for (a)
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