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Advancing Polymer Design and Analysis
through Integrated Machine Learning and
Molecular Modeling Techniques

Mohammad Atif Faiz Afzal
Principal Scientist

The use of polymers is widespread across various industries, including aerospace, electronics,
and automotive, primarily due to their ease of processing and ability to impart lightness and
flexibility to devices. By altering polymer chemistry, we can customize their mechanical and
thermophysical properties to meet specific requirements. However, the exploration and testing
of the vast chemical space in experimental setups face significant constraints. Modeling and
simulation provide a quicker method for characterizing and designing new polymer materials.
Integrating these modeling tools with machine learning enhances the accuracy of these
characterizations and further speeds up the design cycle for new polymers. These tools are
particularly valuable in industries like pharmaceuticals and consumer goods, where polymers
play a crucial role in formulations, and understanding the interactions between polymers and
other components is essential. Molecular modeling has proven to be an effective technique for
examining these interactions and analyzing microstructure formation. In this presentation, | will
present several case studies that illustrate the substantial benefits of molecular modeling and
machine learning in these varied polymer applications.
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Accelerating the innovation of
next generation cosmetics and food products
through computational chemistry

Haigong Liu
Senior Scientist

As regulators and consumers demand more eco-friendly cosmetic and personal care products
made from sustainably-sourced ingredients, product development faces enormous challenges
to deliver new products within limited time and resources. Understanding how ingredients
behave in cosmetic products will be necessary to drive new development and end to end product
tracing. Only chemistry and composition is required, molecular simulation provides a unique
opportunity to predict product morphology, solubility and other physical properties. Complex
Interfacial systems can be leveraged to understand how individual ingredients interact with
biological substrates like hair and skin surfaces.

The food industry is also facing the challenges of developing healthier, tastier, and more
environmentally-sustainable products. The physics-based molecular simulation is able to predict
physical properties of food product formulations, processing, and packaging materials, helping
food scientists and engineers to make informed decisions before embarking on costly
experimental testing. Leveraging the data from realistic molecular computational models
combined with existing experimental data, researchers could build machine learning models
overcoming the data sparsity issue often encountered.

In this webinar, we will present Schrédinger's transformative digital solutions to address industry
driven problems in the cosmetic personal care field and the development of food products.
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Efficient computation of process parameters for
controlling the chemistry of deposition or etch —atomic-
scale mechanism, thermodynamic competition and
microkinetic modelling

Simon D. Elliott
Director - Atomic level process simulation

The unique characteristic of atomic layer deposition (ALD) and atomic layer etching (ALE) is the ability to control the
growth or etching away of atomic thicknesses of a target material. In this talk we present a variety of computational
techniques that help us understand, control and improve these processes. The emphasis is on choosing the right
technique for the research question and time available. The same computational techniques can be used to investigate
other gas-surface processes, such as catalysis or sensing.

Four types of process are conceivably in competition when a metal surface is treated with any reagent or reagent-
combination: continuous deposition (CVD) or etching, or self-limiting pulsed deposition (ALD) or etching (ALE). We show
that thermodynamics based on density functional theory (DFT) of bulk and surfaces is a computationally-efficient
approach for distinguishing between the four processes. The temperatures and pressures for crossover between the four
types of process can be estimated, with the accuracy depending on how entropy, coverage and diffusion are treated. We
use the example of ruthenium metal to illustrate this simulation strategy. Ru is being investigated as a possible seed
layer for interconnect electroplating in the fabrication of electronic devices, as a capacitor electrode and as a
heterogeneous catalyst. Low-temperature deposition allows substrate-selectivity, which can be enhanced by punctuating
the process with an additional self-limiting etch step. We therefore focus on the conditions for self-limiting versus
continuous processing of Ru metal, hydride, hydroxide and oxide with respect to H2 and RuO4 reagents. We point out
how to balance the cost (in terms of researcher time and computer time) against the benefit that each level of calculation
can offer.

In the second part of the talk, we introduce Microkinetic Modelling, a new Schroédinger capability for examining the overall
kinetics of gas-surface chemistry by solving the coupled kinetic rate equations of its constituent elementary reaction steps.
This allows the simulation of macroscopic parameters such as growth rate and sticking coefficient that can be
experimentally measured and used as inputs for fluid dynamics simulations. We first outline the computational scheme,
where elementary steps and their activation free energies have been computed with DFT. The resulting microkinetic
model for alumina ALD yields measurable quantities (e.g. relative growth per cycle and sticking coefficients) as a function
of temperature and pressure, which are validated against experiment. We then show results for how microkinetic
modelling can be used in specific scenarios. By adding appropriate elementary steps, the model can reveal the
contribution from continuous CVD-style growth under given conditions, or under what conditions ALD can be flipped over
into ALE. We also show how a microkinetic model can be used to study the variation of sticking coefficient with pressure
and thus account for penetration depth and conformality within high aspect ratio features.

The two cases discussed in this talk thus illustrate how atomic-scale DFT can be embedded into higher-level
computational schemes for accurate and achievable prediction of the conditions and parameters for controlling chemical
processes.
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Leveraging Schrodinger’s Digital Chemistry Platform for
Accelerated Development of Next-Generation Battery
Materials

Garvit Agarwal
Scientific Lead, Energy Storage
Materials Science Group

The rapid advancements in rechargeable Li-ion battery (LIB) technology over the last decade
has revolutionized several key industries such as transportation and consumer electronics.
However, new battery chemistries are needed to meet the rapidly growing demand and to
improve the power density, safety, reliability, and lifetime of LIBs. Molecular modeling has
become an integral part of the design cycle of new battery chemistries. Accurate atomic scale
modeling enables rapid evaluation and screening of large chemical and material design space
thereby, helping industries reduce the time required to bring the new technology to the market.

In this webinar, we will discuss case studies demonstrating the impact of Schrodinger’'s
advanced digital chemistry platform on accelerating the design and formulation of next-
generation battery materials with improved properties. We will discuss the application of both
physics-based and machine learning techniques for calculating key material properties and for
developing structure-property relationships for the different components of batteries including
electrodes, electrolytes and electrode-electrolyte interfaces. We will also introduce
Schrodinger’s automated active learning framework for the development of accurate machine
learning force fields for calculating bulk properties of electrolytes, inorganic cathode coating
materials and for modeling interfacial degradation of electrolytes.

Key Learning Objectives:

o Understand predictive capabilities of physics-based modeling for battery materials

o Learn how Schrodinger’ s automated high throughput simulation workflows enable rapid
screening of new battery material candidates

® Application of advanced machine learning force fields for accurate modeling of
electrolyte materials, cathode coatings and interfaces
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Automated Digital Prediction of

Chemical Degradation Products

Pavel A. DUB
Senior Principal Scientist

Chemical degradation is the process by which chemical substances undergo structural changes, leading to the
breakdown of their molecular integrity into simpler chemical compounds. This process is at the heart of chemical
failure and material lifetime, natural degradation and aging, and recycling. It unfolds through diverse mechanisms,
among which thermal decomposition, photolysis, oxidation, and hydrolysis are the most prevalent.

The automated prediction of chemical degradation products, or degradants, for small molecules has long posed a
challenge for computational chemistry, but could broadly benefit a range of industrial use cases. These include
pharmaceutical ingredient degradation, disposal of chemical waste through incineration, electrolyte components
decomposition in Li-ion batteries, consumer packaged good ozonolysis and many others. Current methodologies
mostly rely on heuristic approaches rooted in a knowledge base of rules or cheminformatics.

In this webinar, we will present Schroédinger's enhanced Nanoreactor, extending the base tool developed by Grimme
and co-workers [1]. Schrddinger Nanoreactor is a transformative digital solution for predicting chemical degradants
of small molecules and sorting them directly from quantum mechanics and without any prior knowledge.

Webinar highlights

® Overview of the Nanoreactor technology which integrates automated potential energy surface exploration
through semiempirical metadynamics, landscape refinement, and density functional theory-based sorting

® Demonstration of the user-friendly interface for identifying all possible degradation products, visualizing results,
and classifying results based on thermodynamic principles - all from the computing power of a basic laptop

® Examples of how the technology can be applied to address challenges in pharmaceutical drug development,

chemicals incineration, battery development, consumer packaged goods and more

1.Exploration of Chemical Compound, Conformer, and Reaction Space with Meta-Dynamics Simulations Based on
Tight-Binding Quantum Chemical Calculations, Stefan Grimme, J. Chem. Theory Comput. 2019, 15, 5, 2847-2862



(@ Schrodinger

6 A 7 H(£)11:00-12:00

Materials Science Suite [TEEND
i EL #EBARDOF=-HDTOTSLAN

DT YAIUT4R KIE EiE

Materials Science Suite(MSS)IZI&. B EL B DOBEFKE D= ICHELZT O/ T4 (BEIRILF
— B EXRTUOIYIL BREEIRILF—OPBEBES) Z2EFHECEMESICKYFRITE
57O S LNEENTVET . T, 7 FHAE(MD)FHEZFERAL. EEEOBEZHFER - T
FTHIELTRETT , CNODHREE A SO EDIEIZKOT, RV —ZU T O@EFEITL., B
EL M HBARZNTLIEDIIENAEETT . AFKKRTIL., A EL MERARICEFR T IELTOYS
SLERIC, ZO1ETY)—RSN=FEEELEDTHBNLET,



