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Overview
In this webinar we will discuss:
• Latest news, updates and events
• CSD-Frameworks, including how 

to:
• Search for structures
• Visualize 3D structures of MOFs
• Analyse solvates contained within 

structures
• Calculate voids and pores
• Simulate powder diffraction patterns
• Compare crystal structures

• Q&A – the floor is yours
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What is the CSD?
• The CSD is the largest 

collection of experimental 
crystal structures

• We also make software to find 
and investigate these 
structures

• ccdc.cam.ac.uk/solutions/what
s-new/

• MOF-5 / “MIBQAR”

https://www.ccdc.cam.ac.uk/solutions/whats-new/
https://www.ccdc.cam.ac.uk/solutions/whats-new/
https://www.ccdc.cam.ac.uk/solutions/whats-new/
https://www.ccdc.cam.ac.uk/solutions/whats-new/
https://www.ccdc.cam.ac.uk/solutions/whats-new/
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Database

• >1.4 million 
experimentally 
determined crystal 
structures

• About 10% of those 
structures are MOFs

• Millions of structural 
parameters can be 
mined to generate 
insights
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Mercury
• Visualisation and analysis 

software

• Can output high quality 
images

• Measure distances and angles

• Create planes and centroids

• Run additional tools

• Ln2(C2O4)(O2CCH2OH)4

• “COMFEQ”
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ConQuest
• Search software

• Can find crystals based on 
molecular structure

• Search text or 
experimental details

• Define parameters
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CSD Python API
• Access molecule and 

crystal data through 
programs

• Write custom workflows

J. Appl. Cryst. (2024). 57, 1235-1250
https://doi.org/10.1107/S1600576724005934

https://journals.iucr.org/j/contents/backissues.html
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Consultancy

• Any question not 
answered here

• Scientific Consultancy 

• Custom Searching

• Workflows

English: (hello@ccdc.cam.ac.uk) for more info
Japanese: https://www.jaici.or.jp/inquiry/db-service/

mailto:hello@ccdc.cam.ac.uk
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Metal-Organic Frameworks
• “Materials by design” – 

components joined 
together by pre-organised 
“nodes”

• Can contain voids with 
tuneable size and 
different chemistry

• Adsorption changes host 
and guest properties
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MOF Analysis Workflow
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CSD-Frameworks

• Newly released 
software package

• Provides features to  
specifically aid in 
MOF analysis 
workflow

• Open to consultation 
about specific needs



12MOF Subset &
MOF Collection

A highlighted part of the 
CSD

MOF-Subset: Limit searches 
to relevant structures

MOF-Collection: adapted for 
Computational Chemistry

• Convert to P1
• Remove guest molecules
• Add missing hydrogens
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How to Search: ConQuest
• Identify similar compounds from other 

researchers
• Gather structural property data from relevant 

materials to gain insights
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Search types:

• By Ligand 
substructure:

• “DHBQ”

• 332 hits in MOF

• Metal Cluster
• Zn4O (basic zinc 

acetate)
• 865 hits in MOF

• By name

• “ZIF-8”

• 71 hits in MOF
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Aggregating data:

• Fe – water distance:

• Can be used with more complex queries
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Visualization

• Generate publication-ready 
figures and communicate 
your findings

• Visualize:
• Crystal structure packing
• Void space
• Intermolecular interactions
• Coordination environments

• High quality images with 
“File > POV-ray image”

ASONII

AQUDIB
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Void and Pore Analysis

• Visualize voids and 
calculate their 
properties 

• Visualise with “Display > 
Voids”

• Analyse with “Calculate 
> Pore Analyser”
• total volume (Å3)
• pore diameter (Å)
• percolated dimensions

ASONII

Using “Display > Voids”
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Guest Analysis
• With “CSD-Materials > 

Solvate Analyser”
• Visualize guest molecule 

networks (solvents, 
hydrates, gases, drug APIs, 
etc.)

• Calculate volume occupied 
by these guests

• Compare volume of voids 
with guest volume to 
determine how well-filled 
the network is

I2 in MOF – 86% efficiency

QOFBUL
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Individual Void Analysis

• In  “Display > Voids > 
individual voids”

• Different voids may 
have different 
properties
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Structure Comparison

• With “CSD-Materials > 
Search > Crystal Packing 
Similarity”

• Frameworks with different:
• Metals
• Guest molecules
• Solvents removed

• Right: ZIF-8 with CH4 
(pink) and Ar (green)
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Patterns

• Compare and fit:
• experimental data
• calculated from single 

crystal

• Use “Powder > Customise 
> Match settings”

• Match increases from 
0.334 to 0.985 (out of 1)
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Matching Powder Diffraction
• (from my own PhD work)
• Experimental (Black, 

synchrotron PXRD, metal 
= Er)

• Simulated (single crystal, 
Blue, metal = Y)

• Optimised (85% match)
• (same match obtained 

with M = Er single crystal 
QOFNOR)
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uptake
• Goal: to find a MOF to 

capture anaesthetic drugs 
from breath in a hospital

• These are strong 
greenhouse gases and 
pollutants

• We need a MOF stable to 
water and the right size to 
filter these compounds

isoflurane  desflurane

See: Abrahams et al; Chem. Eur. J. 2017, 23, 7871. 
https://doi.org/10.1002/chem.201700389

https://doi.org/10.1002/chem.201700389


24Case Study – MOF for volatiles 
uptake

• 3D structure (the 3D MOF 
subset)

• Water stability e.g. [Zr] in 
ZIF or a “chelate”

• Pore limiting diameter 
from molecular data
• See right – requires a PLD 

of 7.0 Å (isoflurane) or 6.2 
(desflurane) Å



25Case Study – MOF for volatiles 
uptake
• Combine these lists and 

search in ConQuest

• (37 hits)

• Search 
Prototypes 
menu

• ConQuest 
filtering

XUPVIR – Huang et al.
Inorg. Chem. Front. (2025) 12 (9): 3531–3544.
“Encapsulation of toxic liquid molecules…“
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How is CSD data used in academia?

Finding good materials for 
an industrially relevant 
separation
•  From Tang et al. 
• Using CSD MOFs to predict 

binding of C3H6 and C3H8 
(with DFT)

• Use this information to 
design better MOFs

Tang et al. ACS Appl. Mater. Interfaces 2021, 13, 45, 
53454–53467 https://doi.org/10.1021/acsami.1c13786



27

How is CSD data used in academia?
Finding synthesis conditions 
for a MOF from structure
Glasby et al.
• MOF data was used to find 

structure components
• Chemistry Literature used to 

find how these are made
• DigiMOF can predict how to 

make a new MOF

Glasby et al. Chem. Mater. 2023, 35, 11, 4510–4524, 
https://doi.org/10.1021/acs.chemmater.3c00788
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How is CSD data used in academia?
Conformation of macrocyclic 
ligands
Kingsbury and Senge
Crystal structure data was 
aggregated to find 
deformation pathways
• Structure activity 

relationships
• Used to make “chiral 

porphyrins”

Kingsbury and Senge, Coordination Chemistry Reviews, 
2021 213760  https://doi.org/10.1016/j.ccr.2020.213760
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Future directions

• Topology (searchable in 2027.1)

• Void search (in 2026.2)

• Internal surfaces (TBD)

• MOFid (TBD)
Please contact if you’d like access to 
tools in development
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Topology in MOFs

• An abstract representation 
of structure – each circle 
represents an atom or a 
few atoms

• “Connection” is more 
important than 
connectivity

• Can be a code “sql” or a 
string “4(44·82

2)”
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MOF prototypes - Topology

ABEMIF Crystal 
structure from CSD

Using “M”
nets/lqtxbmlv
CCDC ident.
not in RCSR

Using “M4Cl”
nets/the
(RCSR ident.)
nets/asptuxtf

Combine
clusters

Metals
as nodes
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MOF prototypes - Topology
• Find IRMOFs – 8 unique 

structures with different 
metals or ligands

• Confirm Dimensionality (3D)

Topology 
representation: 
“nets/lqtxbmlv”
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MOF prototypes - Surfaces

• Find the composition of the 
internal surface

• Correlate adsorption 
properties with surface area 
and atom types
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MOF prototypes - 
Report

• MOFid and structure composition
• Similarity search
• Void analysis
• Searchable Database
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Demonstration

Dr Christopher J. 
Kingsbury, Ph.D.

Functional Materials 
Scientist

• How to:

• Load a MOF structure

• Generate a high-
quality image

• Compare two PXRD 
Patterns
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