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Overview

N this webinar we will discuss:
Latest news, updates and events

CSD-Frameworks, including how
Lo:

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

CCDC



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"

CCDC
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The Cambridge Structural

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
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Create planes and centroids

Run additional tools

LN, (C,04)(O,CCH,OH),

CCDC

"COMFEQ"



Build Queries Combine Queries Manage Hitlists View Results '

ConQuest
D

raw
. Draw (1) - New
Author/Journal
File Edit Atoms Bonds 3D Options Help
Name/Class

. Elements Q‘%ﬁ}:}
Can find crystals based on [

mMolecular structure e |

Search text or ey | o
experimental details

Define parameters

ClH|O NSP F | Cl| Any| More...| Groups...




Python application programming interface (API)

. What has scripting ever done for us? The CSD

NAL
APPLIED

LC

Richard A. Sykes,* Natalie T. Johnson,* Christopher ). Kingsbury,” Jiirgen Harter,*
Andrew G. P. Maloney,” Isaac ). Sugden,” Suzanna C. Ward,” lan J. Bruno,” Stewart
A. Adcock, Peter A. Wood,* Patrick McCabe,* Alexandru A. Moldovan,* Francis
Atkinson,™” llenia Giangreco™” and Jason C. Cole™

Roceived 7 May 2021

Access molecule and R e

Edited by 5. Moggach, The

Weslen Australia,

i Since its first release in 2016, the Cambridge Structural Database Python
application programming interface (CSD Python API) has seen steady uptake

developement; materials discovery; application
. ambidge Swwsural  Within the community that the Cambridge Crystallographic Data Centre serves.
‘ This article reviews ory of scripting interfaces, demonstrating the need,
o o and then briefly outlines the mical structure of the APL It describes the

reach of the C8D Python API, provides a selected re- of its impact and gives
some illustrative examples of what scientists can do with it. The article concludes
with speculation as to how such endeavours will evolve over the next decade.

Prograrms -

1.1. A little b.il of hlislory Cl‘ysta |

developed by van Ros:

Write custom workflows —

specialists, as had been int
language (Computer Progra
www python.org/doclessays/c|
popularity contests (see, for e
Programming  Languages

the-top-programming-languay i
uf‘mcn[;lflcsgand tnscgfll E‘ml Or lentEd Facets
focus on Python when edu Boundlng BC—'X

deemed necessary in a moder
software-carpentry.org/about
The Cambridge Crystallo
https:/fwww.ccdc.cam.ac.uk/)
Python language. Indeed,
ConQuest (Bruno et al., 2|
(latts migrated to Pytho
Fortran application program
access; we suspect that this m
examples of a fully productic
ware built with Python at its
‘The underlying access to

interface that was consideral
tools that were currently avai

1. Appl. Cryst. (2024). 57, 1235-1250

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



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

Consultancy

- ANy guestion 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/ CCDC
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Metal-Organic Frameworks

“Materials by design” —
components joinead
together by pre-organised
‘nodes”

Can contain volds with
tuneable size and
different chemistry

Adsorption changes host
and guest properties




MOF Analysis

L; \ L ol

L AU At s it
» Data minin * Packing * Void geometry ) SCtarLccuth::Sfrom SCXRD « Accessstructure data
. pre-creategsubsets * Metal polyhedral « Water and solvent B * Calculate properties
» Polymer expansion volumes * Integrate into workflows

» Custom wavelengths
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CSD-Frameworks

Newly released
software package

Provides features to

specifically aid in | Bl rorous
MATERIALS

[ RESEARCH
MOF analysis FEATURES
Welg e\

Open to consultation
apout specific needs




MOF Subset &
MOF Collection

A highlighted part of the
CSD

MOF-Subset: Limit searches
to relevant structures

MOF-Collection: adapted for
Computational Chemistry
Convert to PI
Remove guest molecules
Add missing hydrogens

The CSD

\

>1.3 million structures

CSD MOF Subset 128,799 entries J

95,342 entries J

No disorder in main framework

Dimensionality

1D entries 36,251
2D entries 26,999
3D entries 30,867

CSD MOF Collection

13,810 entries

CCDC



13

How to Search: ConQuest

l[dentify similar compounds from other
researchers

Gather structural property data from relevant
materials to gain insights

. Search Setup - O X

Search Name: search3 Filters Advanced Options ',

Available Databases: ™ 3D coordinates determined

¥ CSD version 6.00 (Apr 2025) " Rfactor & <=0.05
V¥ Restricted to 32648 refcodes (

You can search complete database(s) or a subset
(e.g., hits found in a previous search) ™ No errors

Select Subset Clear Subset ™ Not polymeric
" No ions

Single guery being used. Search will find structures:

where this query is true:

Start Search

!
~C
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Search types:

By Ligano Metal Cluster By name
sulbstructure: Zn, 0 (basic zinc IE.]"

DHBQ acetate] 71 hits in MOF
332 hits in MOF 865 hits in MOF

. Mame/Class (1) - New

Compound Name

ZIF-8

CCDC
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Aggregating data:

Fe —water distance:

Hit 'Options..." to set constraints o




Visualization

GCenerate publication-ready
figures and communicate
your findings

Visualize:
Crystal structure packing

Void space
INntermolecular interactions
Coordination environments

High quality images with
‘File > POV-ray image”

.....
-----
------
-----
.....

AQUDIB
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Void and Pore Analysis

Visualize voids anad
calculate their
oroperties

Visualise with "Display >
Voids”

Analyse with "Calculate
> Pore Analyser”
total volume (A3)

pore diameter (A)
percolated dimensions

Using “Display > Voids” CCDC



Guest Analysis

With “"CSD-Materials >
Solvate Analyser”

Visualize guest molecule
networks (solvents,
hydrates, gases, drug APls,
etc.)

Calculate volume occupied
by these guests

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

I, in MOF — 86% efficiency

18

N
QOFBUL

CCDC
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In "Display > Voids >
individual voids”
Different voids may

Nnave different
oroperties

Details of individual voids and colour/style applied

Lai;el Volume (A*) Volume (% of unit cell) Outside Colour Visible Symmetry ID Donors nearby  Acceptors nearby

1 Channel1  339.127 11390 M Orange v - Cl2, CI3, 4, CI5, ...

2 Channel2 339127 11.390 I7 Light Blue - Cl2, CI3, €4, CI5, ...,

CCDC
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Structure Comparison

reference comparison  molecules in com RMS

With “CSD-Materials > INIFNUO  NIFPAW  260utof30 0386 ¢

g S -

> /
2
| 5 ¥
& ol 7\
\ " o)

Search > Crystal Packing

Similarity”

Frameworks with different:
Metals

Guest molecules
Solvents removed

Right: ZIF-8 with CH,
(pIink) and Ar (green)




Simulating Powder Diffraction :
Patterns

Compare and fit:
experimental data o0t
calculated from single oo
crystal -

Use "Powder > Customise [

> Match settings”

0.0

Match increases from

Wavelength: 1.54059 A

0.534 to 0.985 (out of 1) — WO st

e NIFNUO optimised
— N |FPAW _simulated xye
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Matching Powder Diffraction

9000.0

(from my own PhD work]

Experimental (Black,
synchrotron PXRD, metal
= Er)

Simulated (single crystal, |
Blue, metal =) 3 s

2 theta (%)

O ptl m ised (85% M3 tC h ) Wavelength: 0.7744 A 4.906°, 0 hkl1=110

m— QOFBOF simulated Similarity = 0.3027
= (QOFBOF optimised Similarity = 0.8587

(Sa m e m a tC h O bta | n ed — ck_Er_can_et—'l.n_sIu_p‘lE_SQ_EIEJEJU.)(ye ) Reference
with M = Er single crystal

ROFNOR) —

121367 121269 K

[ntensity

O Powder Pattern Optimisation Res...

121367 121269 K
20.2931 204187 A



Case Study - MOF for volatiles s
uptake

Goal: to find a MOF to
capture anaesthetic drugs
from breath in a hospital

These are strong
greenhouse gases and
oollutants

We need a MOF stable to

water and the rig Nt size to See: Abrahams et al: Chem. Eur. J. 2017, 23, 7871.
https://doi.ora/10.1002/chem 201700389

CCDC

isoflurane desflurane

filter these compounds


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

Case Study - MOF for volatiles
uptake

import ccdc.io
import numpy as np
import scipy.optimize

3D structure (the 3D MOF .. s
Su bset) mol = reader.molecule("TOBBIV")

# spherical to cartesian unit vector
def s2c(thi, phi):
return np.array((np.sin(ph1) * np.cos(thi1), np.sin(phl) * np.sin(th1l), np.cos(ph1)))

def minimum_enclosing cylinder(molecule, = "Alvarez"):

Water stability e.g. [Zr] In
i n positions = [np.array(atom.coordinates) for atom in molecule.atoms]
Zl I: Or a C h e | ate radii = [atom.vdw radius for atom in molecule.atoms]

geometric_centre = np.mean(positions, axis = @)
pe = [e.77, ©.77, @, @, 0] # theta, phi, x, y, z

Pore limiting diameter T e, sty

places = [pos - geometric centre - pars[2:] for pos in positions]

T = .linalg. (pl - * (pl di
fromn molecular data O e place, radius in zip(piaces, radin]

return max(offsets)

See rlg ht . req u i reS a p LD return scipy.optimize.basinhopping(fitfunc, pe, niter = 1000)

minimum enclosing cylinder(mol)

of 7.0 A (isoflurane) or 6.2 . s
(deSfl u ra I,16) /& messagei [';equested number of basinhopping iterations completed successfully’]

fun: 3.511702722968617
x: [ 7.148e-01 2.100e+00 -6.079e-02 -1.040e-01

- CCDC



Case Study - MOF for volatiles 3
U pta ke ﬁ%fg\;/./gf;e%j.%gnett (%25) 12 (9): 3531-3544
“Encapsulation of toxic liquid molecules...”

Combine these lists and
search in ConQuest

(37 hits)

f Simple Dialog

Pore Total Surface Area (A*2) Elements Zr

Search on: Sum of molecules

- Al her ek Y
Pore Total Geometric Volume (A* low other elements: Yes

Pore Limiting Diameter (A) @ Restrict Search

Pore Maximum Diameter (A) Restrict Search by Refcode

Current Restrictions € Entries
L | Type: Refcode List Title: unknown Percent: Unknown
Time: Mon Jul 20 12:05:53 2026
File: ...20_12_05_32/ABELOMO1_search_voids.gcd
Database CSD version 6.01 (Nov 2025

Number of Percolated Dimension:

Submit

Search ConQuest

Prototypes filtering
menu
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How is CSD data used in academia?z

Experimetal Hypothetical

Finding good materials for MoF daabise MOF st
an industrially relevant
separation

From Tang et al. Tyt 0

Using CSD MOFs to predict
binding of C:H, and CiHg
(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.lc13786 CCDC

¢ rﬁ.'iﬁ.

Rapid screening
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How is CSD data used in academia?z

Finding synthesis conditions = | s
for a MOF from structure il
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 Pl
mMake a new MOF

Glasby et al. Chem. Mater. 2023, 35, 11, 4510-4524,
https://doi.org/10.1021/acs.chemmater.3c00788 CcCCDhC
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How is CSD data used N academla‘7

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,
2021213760 https//doi.org/101016/l.ccr2020213760 CcCCcDC
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Future directions

* Topology (searchable in 2027.1)
» \Void search (Iin 2026.2)
* Internal surfaces (TBD)

- MOFid (TBD)
Please contact if you'd like access to
tools in development

CCDC



Topology in MOFs

AN apstract 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(44-8,2%)"

CCDC
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MOF prototypes - Topology

\
] 1\
\

P PN
- e A"k Metals |  un g
VN | \ Using "M

Qe; ‘ =t \.'/
%\‘” DS as nodes nets/lgtxbmlv

*
’,( ¥~;r‘ . \#/\ \/ .
O T \OAX CCDC ident.
» N \ 5 . "\Q‘ e | A )
VAR G t  notin RCSR
K7 7 ' AN
\l t.,,., 1’. »/, - . |
v A~ S e \'." \gs N ~
NEWON A S - N
RO 7 Sy \Q/ =\ /,‘/ \. 0 " n
) ne'a | Using "M ,C|
NG/ 5 Y 4
5 e ' \'QJ /;
=

\‘ P . /=S O{ \\\ nets /the
X NN Combine ® | A~ (RCSRident)

lusters o« nets/asptuxtf
ABEMIF Crystal \/

structure from CSD CCDC
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MOF prototypes - Topology

S o

Topology
representation:
“nets/lgtxbmiv’

 Find IRMOFs -8 unique
structures with different
metals or ligands

« Confirm Dimensionality (3D)

Metal-Organic Framework

Vertex symbol 4(4,%64%)° + 5(48.8,62)12 + 6(43.4,°.6°.8,%)°8
Assignment not found

Dimensionality 3D

cs10 2262

Assignment (w.cs10) None

Colouring 2

Is Planar False

FLTO Dimensionality O

Interpenetration 1

Unigue Identifier  nets/lgtxbmlv

CSD Summary 0 matches out of 1157 values
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MOF prototypes - Surfaces

* Find the composition of the
internal surface

« Correlate adsorption
oroperties with surface area

and atom types CCDC




MOF report: BETHIT CCDC

MOF prototypes -

Metal-Organic Framework (Combine Metal-Organic Framework (Combine
Clusters) Clusters) Frame

Vertex symbol 12{4%6; 1045 0 + 3(4%)? + terminal?
Dimensionality 3D

Assignment {w.cs10) nets/the
Colouring
I Planar e Is Planar False
FLTO Dimensionality Mone FLTO Dimensicnality 0
Unigue Identifier  nets Unigue Identifier

cs mary om. outof 1157 °

Ligands
Metal-Organic Frame
Clusters) Simple

Vertex symbol

CID 176639841

Is Planar
FLTO Dimensionality 0
Unique Identifier

€5D Summary
smiles: O
connectivity: 1
denticity: 1
charge: 0
M | C I csd_marches: 255 / 633
eta s / us te rs esd_refcodes: ALIFUY, AQIVIF, AVUFEDO1

rotatable_bonds: D

adjacent rotatable_bonds: 0
Cd4 Cl11- s mpeesinin s s

Similarity Results

T
N

LYOFNC

MOFid and structure composition
Similarity search

Void analysis

Searchable Database




Demonstration

Dr Christopher J.
Kingsbury, Ph.D.

Functional Materials
Scientist

35

How to:
Load a MOF structure

GCenerate a high-
quality image

Compare two PXRD
Patterns

CCDC
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