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My Lab Overview: Computational Materials

Design and Discovery
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Metal-organic Frameworks (MOFs)

Metalic nodes Organic struts
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Limitless metal-ligand combinations

High pore volume and surface area
Tuneable pore size

Accessible metal sites
Crystalline materials (atomic positions known)

Williams et al. Science 1999 (HKUST-1)
Yaghi et al. Nature 1999; Science 2002; Nature 2003 (MOF-5)
Kitagawa; Ferey; Serre; Cheetham; Kaskel; Navarro; Gascon; Long; Farha; etc.



Adsorption Phenomena Allows to Store or Separate
Molecules




High-Throughput Computational Screening of MOFs

Can we design and discover MOFs on a
computer prior to experiments?

Gas Storage: O, Gas Capture: CO,

H, NH;
Natural gas H,S
VOCs

How many MOFs are out there?



The Development of the CSD MOF Subset
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Breaking Down the Big Family of MOFs into Subgroups:

Inorganic Building Units
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Breaking Down the Big Family of MOFs into Subgroups:
Functional Groups

Polar groups
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Computational characterisation of CSD MOF structures

accessible
surface area

van der Waals
surface area

Connolly
surface area

MOF properties

Pore size distribution
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 Providing valuable information about the expected adsorption performance
of the materials

« Assessing the quality of experimental samples

« Faster than experiments



Geometric characterisation of CSD MOF structures
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Monte Carlo Simulations Allows Fast High-
Throughput Screening (HTS)




High-throughput Screening of MOFs for Oxygen Storage:
From Small Data to Big Data
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Nature Communications 2018, 9, 1378



From Big Data to Knowledge: Performance-property Relationships

Deliverable capacity (mol/kg)
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From Big Data to Knowledge: Performance-property Relationships

Deliverable capacity (mol/kg)

25 -

20 A

15 -

10 -

@ PY °
-
B
[ 2

¢
..

Heat of adsorption (kJ/mol)

Void Fraction

(0 m— s () O

Nature Communications 2018, 9, 1378



From Big Data to Knowledge: Performance-property Relationships

Deliverable capacity (mol/kg)
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Wiz: A Web-Based Tool for Interactive Visualization of Big Data

https://wiz.shef.ac.uk/
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Wiz for Real-time Data Analysis
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HTS for Oxygen Storage: Top candidates

O, deliverable capacity (cm3(STP)/cm3)
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Experiments Successfully Confirm Predictions

N, uptake (cm?3/g)
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Computer-aided Discovery of MOFs for Adsorption Applications

High-throughput screening of Structure-Property
a large number of MOFs relationships

e.g. Pore size, surface area,
framework density
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materials; In depth
study of performance
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