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Each session runs several times to accommodate schedules
• Share the webinar series with your colleagues!

• Registration details http://www.materialsdesign.com/webinars

We will be recording this webinar 

• Watch any of our earlier webinars anytime

• We will post upcoming webinars on the webinar page

Vote for the next webinar topic!
• Take a 2 minutes brief survey at the end of the webinar!

http://www.materialsdesign.com/webinars
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What is Catalysis? 

Modern definition of catalysis

Catalysis is the acceleration of a slowly 
proceeding chemical reaction through 
the presence of a foreign substance. 

Wilhelm Ostwald 1894 

Enzyme Catalysis Heterogeneous CatalysisHomogeneous Catalysis 7
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Time and Length Scales in Heterogeneous Catalysis

ØElementary events at molecular level control the 
catalytic performance. 

ØUnderstanding the surface chemical bonding is the 
key to catalyst design. 

ØChallenge: Rational design of catalytic sites with 
desired electronic properties. 8
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Biopolymer interaction effect in C2H2 hydrogenation reaction on Pd catalysts

Surface strain effect in CO2 reduction reaction on AgSn/SnOx core-shell catalysts 

Understand Reaction Mechanisms

02

High-throughput screening of bimetallic catalysts enabled by machine learning 

Accelerate Materials Discovery

03

What determines reactivity of catalyst 

Advance Catalysis Theory
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Biopolymer Interaction Effect in C2H2
Hydrogenation Reaction on Pd Catalysts 

Ø Q. Guan, C. Yang, S. Wang, et al., 
ACS Catal., 2019, 9 (12).
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Catalytic Acetylene Conversion and Ethene 
Selectivity

Pd

Pd + chitosan
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Workflow

Build model
system

1. Retrieve Pd bulk and
chitosan monomer from
MedeA database

2. Create Pd surface with
surface builder and
supercell builder

Explore reaction
pathway

1. Find stable adsorption
site/configuration with
MedeA Docking

2. Calculate transition state
with MedeA Transition
State Search (TSS)

Understand
chitosan effect

on ethene 
selectivity

1. Plot potential energy 
diagram of C2H2
hydrogenation

2. Calculate projected density 
of states onto Pd 4d 
with/without chitosan
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Retrieve Pd Bulk 
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Build Pd 111 Surface With/Without Chitosan
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Find Stable Adsorption Site Using Docking

16



Questions about 
Materials Design Webinars

info@materialsdesign.com

www.materialsdesign.com

Geometry Optimization with MedeA VASP
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Calculate Energy Barrier with MedeA TSS
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Energy Profile (Transition State Search)
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Potential Energy Diagram of C2H2
Hydrogenation and Projected DOS
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Surface Strain Effect in CO2 Reduction 
Reaction on AgSn/SnOx Core-Shell 

Catalysts 

Ø W. Luc, C. Collins, S. Wang, et al., 
J. Am. Chem. Soc., 2017, 139 (5).

Ø S. Wang, J. Wang, and H. Xin, 
Green Energy & Environment, 
2017, 2(2), 168. 

21



Questions about 
Materials Design Webinars

info@materialsdesign.com

www.materialsdesign.com

Direct Imaging of AgSn/SnOx Core-Shell 
Nanoparticles and CO2 Reduction Efficiency 
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Workflow

Build model
system

1. Retrieve SnO bulk from
MedeA database
InfoMaticA®

2. Create SnO (101) surface
with surface builder and
supercell builder

Probing stability 
of SnOx
surfaces

1. Calculate free formation 
energy of SnOx surfaces 
as function of different 
operating potentials

Apply strain to 
SnOx surface

1. Compress/Expand SnOx
surface with structure editing 
tool

2. Calculate SnOx surface with 
different strains in one 
flowchart

23
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Retrieve SnO Bulk from InfoMaticA
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Probing Stability of SnOx Surfaces
Ov

-asym-OH*

-(O)H*
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Gibbs Free Energy for Bulk and Surface

Thermodynamic functions:

• Cv: heat capacity
• E(T)-E(0): change in vibrational internal energy from 0 K
• S(T): vibrational entropy
• -(A(T)-E(0)): change in the vibrational Helmholtz free 

energy
• E(T): change in vibrational internal energy plus the ZPE
• A(T): internal energy plus vibrational Helmholtz energy
• alpha: coefficient of linear thermal expansion

… … … … … … …

Gibbs: G(T) = U + ZPE + PV – TS(T)

∆G(V) = ∆G0 + eV 

Computational hydrogen electrode

RHE: H+(aq) + e− 1/2H2(g) 

at 0V:G[H++e−]=G[H2]/2 
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Gibbs Free Energy for Gas Phase Molecule
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Free Energy Pathway of CO2 Reduction on 
Ov/SnOx



Questions about 
Materials Design Webinars

info@materialsdesign.com

www.materialsdesign.com

Strain Effect on Ov/SnOx with MedeA HT
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Strain as an Origin of Improved Efficiency
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Outline

Understand Reaction Mechanisms

02

High-throughput screening of bimetallic catalysts enabled by machine learning 

Accelerate Materials Discovery

Advance Catalysis Theory
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High-throughput Screening of Bimetallic 
Catalysts Enabled by Machine Learning 

Ø Z. Li, S. Wang, et al., J. Mater. Chem. A, 
2017, 5, 24131.

32



Questions about 
Materials Design Webinars

info@materialsdesign.com

www.materialsdesign.com

Design Bifunctional Alloy Catalysts for DMFCs 
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Site Representation Inspired by the d-band Theory 

• Material properties of clean alloy surfaces are reduced to fingerprint vectors.
• Inputs are then mapped to reactivity descriptors through an artificial neural network. 

fingerprint
vector

hidden
layers

reactivity
descriptor

34http://pybrain.org/
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Neural Network Model Development 
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Alternative Machine Learning Models
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36https://scikit-learn.org/stable/
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Predicting New Alloys Using Machine
Learning Models
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Optimize Structures with MedeA High-throughput 
Module
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Outline

Understand Reaction Mechanisms

Accelerate Materials Discovery
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What determines reactivity of catalyst 

Advance Catalysis Theory
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Bayesian Learning of Chemisorption for 
Bridging the Complexity of Electronic 

Descriptors

Ø S. Wang, et al., Nat Commun 11, 6132 
(2020).
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d-band Reactivity Theory
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Central Equations of d-band Reactivity Theory

Green’s
Function
Approach

∆𝐸!"

∆𝐸#
$%& ∆𝐸#'()$ 42D. M. Newns, Phys. Rev. 178(1969)1123
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Unknown Parameters in the d-band Reactivity 
Theory

• ∆𝐸' : energy change due to the interaction of the unperturbed 
adsorbate orbital(s) with the delocalized sp-states
• 𝜀(: adsorbate resonance energy relative to the Fermi level 
• ∆': chemisorption function contributed from delocalized sp-

states
• 𝛼: orbital overlap coefficient
• 𝛽: denotes the orbital coupling coefficient

43
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Ø Independent of initial guess.

ØLess prone to trapping at local 
minima. 

44https://github.com/hlxin/bayeschem

BayesianParameterization of the 

https://github.com/hlxin/bayeschem
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Adsorption Properties of O/M(111) Using 
Learned Parameters
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Interaction Energy and DOS Calculation
within MedeA
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A + * ——> A*
BE = EA* - E* - EA
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Analysis Tool for Density of States
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Conclusion
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Rational
catalysts
design

Analyze
electronic 
structure

Study
biopolymer 
interaction

Calculate 
surface 

strain effect

Probe
surface
stability

Explore
reaction
pathway

Generate
database

for ML



Online Training and Demo:  
Orbital Level 

Understanding of 
Adsorbate-Surface 

Interactions in Catalysis

Online Training and 
Demo
Orbital Level Understanding of Adsorbate-
Surface Interactions in Catalysis

Next Thursday, February 11, 2021
USA/EUROPE: 
10:00 am PST/1:00 pm EST
7:00 pm CEST

Register for the training: 
https://register.gotowebinar.com/rt/902537129592111105
4 

*Training open to everyone
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Design Catalysts
MedeA modules mentioned in today’s 
webinar 
https://www.materialsdesign.com/compute-engines
https://www.materialsdesign.com/analysis-tools

MedeA Environment
MedeA VASP
MedeA HT 
MedeA Phonon
MedeA Gaussian
MedeA Transition State Search (TSS)

Webinar: Live and Recorded
https://www.materialsdesign.com/webinars

Publications
https://www.materialsdesign.com/Publications

Application Notes
https://www.materialsdesign.com/application-notes

For questions or comments contact:

Katherine Hollingsworth
khollingsworth@materialsdesign.com

https://www.materialsdesign.com/compute-engines
https://www.materialsdesign.com/analysis-tools
https://www.materialsdesign.com/medea-software
https://www.materialsdesign.com/datasheet/VASP6
https://www.materialsdesign.com/datasheet/HT-Launchpad
https://www.materialsdesign.com/datasheet/Electronics
https://www.materialsdesign.com/datasheet/VASP6
https://www.materialsdesign.com/datasheet/TSS
https://www.materialsdesign.com/webinars
https://www.materialsdesign.com/Publications
https://www.materialsdesign.com/application-notes
mailto:khollingsworth@materialsdesign.com
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MedeA
Innovation by Simulation
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