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Learning outcomes

dBecome familiar with the CSD.

dWhich subsets of the CSD are available, how to access them
iIn ConQuest, Mercury and the CSD Python API, and how they can help
you In your research.

dHow to visualise porous materials effectively in Mercury.
dHow to analyse pore space in your structures using Pore Analyser.

JAbout applications of the disorder visualization feature, including
recent advances and integrations with other functionality available in

Mercury.

JANd more Mercury tips and tricks!

We will make the

recording available to you < < I ><
in the next few days. »



Number of structures in the CSD

The Cambridge Structural Database

1,400,000 -+ .
_ * Every published structure
] * Inc. ASAP & early view
1,200,000 - l . .
1 3 8 01 4 6 i « CSD Communications
|I * Patents
1,000,000 - Structures . . . .
. * University repositories
oublished II yrep
that year i ¢ Thesis
800,000 - )
St&gﬁ‘;ﬁrees |I - Every entry enriched and
CSD Refcode: JEKNOCI6. greviougy II annotated by experts
600,000 7 Thel25millionth CSD 0 - Discoverability of data and
structure determined in 2023 .l
and a 3DED structurel. )" knowledge
400,000 7 - « Sustainable for 60 years
|
_uf « Atrusted CoreTrustSeal
| .
200,000 - _wml reposItory
______——"-- (T:ROLFJ{SET (_Iier_t‘iﬂ_e:dQS_Tr_'_t__J.'stworthy
O A-N_NiN_I_N_N_N_I_N T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 SEAL k_)y(_‘ore—rrl_lgtbea|
P IRREHIRBEOIITRSSSELETLITEER AL
2929092922222 292225353383R8_R8E87S CC|>C
Publication year ’



CSD Refcodes

What is JEKNOCI6?

« A CSD Refcode
A database reference
code

Containing 6-8
CSD Refcode - A .
JEKNOCI6 Chgraetsts
Used to identify

entries in the CSD

Porous materials refcode families

« Different solvents or adsorbates would be
assigned to different refcode families, even thou
the framework might be the same.

Refcode families
 The same substances are
assigned the same 6 letter code
plus an additional 2 numbers
* Polymorphs
« New determinations or re-
refinements of the same
substance
« Determinations at different
temperatures/pressures
« Stereoisomers or different
solvates, co-crystals, etc are
assigned different refcode
families

Some interesting refcodes are: KITTEN, BATMAN, DISNEY, GAUTAM, GLYCIN ( ( I N




Curation

|dentifier assigned

CC
CC

DC number, CSD Refcode
DC 236078, CSD-ETEXIK

A combination of manual and automated curation

Naming: 2-((Diphenylmethyl)sulfi
Synonym: 2-(Benzhydrylsulfinyl)a

Gwemically meaningful 2D
Diagrams o

Ph

\/CONHz

Ph

.

\\

Linking: DrugBank: DB0O0745 §
For Stereoisomer see KAHVUL

O :

New for 2025

Publication titles

Enhanced refinement properties
(including wR,, GooF, Max Shift,
Residual density max/min)

Predicted properties (including
HOMO-LUMO gap, Singlet and Triplet

state energies)

Calculated properties (including total
surface area, geometric volume, pore
limiting diameter, max pore
diameter)

ﬂ nformation extracted from Cl F\

Spacegroup: P2,/n o o
Cell: @ 20.9610(10)A b 9.7061(5)A ¢ 20.8940(10)A,
1 90° $139.3360(10)° y 90° R factor: 4.2%

Structural: Atom coordinates, ADPs

=xperimental information: Temperature,
ecrystallisation solvent, crystal colour,
crystal habit

/

' /Information added )

*Melting points
*Bioactivity details
Natural source data
Oxidation states
Polymorph families
\_~0YMerp W,

LS

https://www.ccdc.cam.ac.uk/discover/blog/how-your-structure-is-curated-in-the-csd/

CCDC



Inside the Cambridge Structural Database

The CSD is a database of all the published organic and metal-organic experimental crystal structures

Organic
Organic Drugs
AR Agrochemicals
Pigments
Explosives
Protein ligands

Not Polymeric
38%

Links and subsets
DrugBank
Druglike
MOFs
PDB ligands
PubChem
ChemSpider
Pesticide PDB

Single
Component
58%




Inside the CSD
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Exploring coordination polymers in the CSD

The number of structures containing a particular metal atom
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* Materials informatics using data in
the CSD can help to focus research
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Industrial applications

Catalysts in the CSD

[
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Carbon capture A
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« Gas separation

Publication year

* Detection and sensing . )
Using materials informatics to support materials development

Focus Predict future [dentify patterns Systematically

experimental successes and to spark further search the
efforts risks Investigation existing landscape CC DC

Data is the fuel



The CSD Portfolio today

Search, visualise, analyse and communicate structural data ﬁl‘f %

CO re. Insights into molecular and crystal shape and interactions =={
Discovery. Materials. Particle. Theory.
Design of new molecules Assessment of solid form Anticipate particle Insights from predicted
stability and properties properties and behaviour structure landscapes

Deposit, publish, access and visualise structural data pI Y
Free functionality to share and learn from structures '«fw%’*
&

Community.

Medicinal & Computational Chemists ¢ Crystallographers & Structural Biologists ¢ Solid Form & Crystallisation
Scientists ¢ Functional Materials Scientists ¢ Educators ¢ Industry and Academia
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Using the CSD for porous materials
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About CSD Licences

Alicence allows you to use the Cambridge Structural Database (CSD) data and software in your
research.

We offer arange of data and software to support molecular discovery, materials design, and
crystallography research. This includes open source, free, and paid software.

CSD licences are available for academic universities al earch institutions, government
i and The exact licence terms and what tools are included

depend on the licence type. We can help advise you what licence is best for your needs.

View Standard CSD Licence Agreemen it

For academic users we offer a range of free tools, including

Commercial users can select from a range of licence levels
free Mercury, or a full licence enables even more search and depending on your field. Specialist packages for data and
analysis tools. The full licence is provided at a heavy discount search, drug discovery, materials design, crystal structure
to all academic users. prediction, and particle / manufacturing analysis are

View the standard CSD licence agreement. Note that this
may not match your own agreement. If you want a copy of
your personal agreement, please contact us.

available.

This table compares the free CSD-Community and full CSD-

This table compares the commercial CSD licences available.

Compare Academic CSD Licences Compare Commercial CSDLicences (@) Standard CSDLicence Agreement

https/Mmww.ccde.cam.ac.uk/solutions/csd-licence/

Supporting research: The CSD Python AP
enables bulk access to the CSD and large-
scale structural surveys to advance your
research.

Responsible data use: We encourage and
support use for research and analysis, but
redistribution and large-scale publication are
restricted to protect the CSD's sustainability.

Publication guidelines: Small extracts and
visualizations can be shared, but full datasets
and CSD derived models require permission.

Supporting you: More information is
available on our website, but if in doubt,
contact us—we're happy to help!

CCDC

support@ccdc.cam.ac.uk


https://www.ccdc.cam.ac.uk/solutions/csd-licence/
https://www.ccdc.cam.ac.uk/solutions/csd-licence/
https://www.ccdc.cam.ac.uk/solutions/csd-licence/

We are recording today's
session and will make the
recording available to you

Agenda in the next few days

« Show One: Introduction to the CSD and porous materials in the
database

« Show One: Case studies from Prof. Maria Celeste Bernini
« Show One: Mercury functionality for porous materials
* Try One: Hands-on exercises

* Explore More: More tips and tricks for porous materials and case
studies

* Explore More: Quiz and summary
o Extra time: More time for hands on and Q&A

CCDC
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How to search in ConQuest
1. Build a Query: 2. Click searc]
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File Edit Atoms Bonds 3D Options Help
Author/Journal I [Click and drag to create a bond. ] 3D Parameters:
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How to search in ConQuest

1. Build a Query: 2. Click search and select
what do you filters: do you need to
want to find? restrict your search?

3. Visualise and analyse
results: what can you
learn from this data?
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sing the subsets in

Search Setup

Search Name: |search1

Available Databases:

- o X
Filters ' Advanced Options

[~ 3D coordinates determined

W CSD version 6.00 (Apr 2025)

You can search complete database(s) or a subset
(e.g., hits found in a previous search)

Select Subsetl ClearSub:etl

Single query being used. Search will find structures:

I~ Rfactor & <=0.05
C <=0075
€ <=0.1

[T Only & Non-disordered
€ Disordered

I~ No errors
™ Not polymeric

[" Noions

I Only & Single crystal structures

€ Powder structures
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Using the subsets in the CSD Python API

Subsets

class ccdc.io.Subsets [source]
This class provides a simple way to access pre-defined CSD subsets.

Example:

>»>> mof_reader = EntryReader(subset-Subsets.MOF)

The returned reader object is the same as If the Reader class has been initialized with the associated GCD
file directly.

Subsets available

ADP
BEST_HYDROGENS
BEST_LOW_TEMP
BEST_RFACTOR
BEST_ROOM_TEMP
COovID19

DRUG
DRUG_SINGLE_COMPONENT
ELECTRON
HIGH_PRESSURE
HYDRATE

MOF
MOF_NO_DISORDER
MOF_1D

MOF_2D

MOF_3D

PESTICIDE
POLYMORPHIC
TEACHING
MINIMAL_DISORDER
SIGNIFICANT_DISORDER

CSD Python AP
documentation
and cookbook

Entry examples

Create indexes of useful information for subsets of C5D entries

Mote that this script makes use of functionality from the cookbook utility module

#!/usr/pinsenv python

#

# This script can be used for any purpose without limitation subject to the
# conditions at http: s www.ccdc.cam. ac.uk/ Community/Dages/Licences /v, aspx
#

# This permission notice and the following statement of attribution must he
# included in all copiss or substantial portions of this script.

# 2015-06-17: creadted by the Cambridge Crystallographic Data Centre
#

Provide information on & set of structures in the C5D.

This script takes as input & god file (2 text file with CSD refcodes) and
writes out the identifier, Futhor(s), literature reference, Fformula, compound
name and compound syronywi(s). The output can be formatted as csv or kiml.

from future import diwvision, sbsolute import, print function
J'_mpnrt_slx - - -

import swys

import os

import csv

import html

import argparse

import codecs

from ccdo.io import EntryReader

class Writer{okject):
def  init (self, infile, out, format='csv'):
try:
sgelf.rdr = EntryReader{infile, formast='identifisrs'}
except BuntimeError:
print{'Failed to read input £ile %3'' % infile)
exit{1}

self.out = out
getattr{self, format + ' header'){}
for e in self.rdr:

getattr{self, format + ' line'}{e}
getattr{self, format + ' footer'){}

def csv_header{self):
data = ', ' .join{[

'Identifier',
'"Author',
'Literature Ref',
'Formula' ,
'Compound Name',
!Synonym'

~

searching
with the CSD
Python APl in
this free
CsSDhu
module




Mercury Overview

e ™

Learn on demand
with the CSDU
modulel

Display options to
visualise and
navigate
structures

@ AABHTZ (P-1) - Mercury
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More Info -
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z90 z+90 4 > - T zoom- zoom+ || Select by SMARTS:

Explore over
1.35 million
curated
structures

Options

Show hydrogens l:l Depth cue
|:| Show cell axes |:| Z-Clipping

|:| Label atoms Stereo

Press the left mouse button and move the mouse to rotate the structure
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Using the subsets in Mercury

@ AABHTZ (P-1) - Mercury — O X
File Edit Selection Display Calculate CSD-Community C5D-Core  Sp-Materials CSD-Theory CSD-Particle CSD-Discovery CSD Python APl Help

Picking Mode: | Pick Atoms v | Clear Measurements @ C . Launch WebC5D bel

Style: |Ball and Stick ™ Colour: | by Element or Suppression | | Manage Styles... | ConQuest Hit Highlighting...

[] Animate... Default view: | b v ab oca b* o= oxr . Launch ConQuest & = ) 1 zom- zoom+ | Selectby SMARTS:|[d]

Data Analysis Module...

Structure Mavigator &
Maogul Geometry Check...

@ Launch Magul ABACUF Find

Mogul Settings... Crystal Structures Spacegroup

IsoStar Interaction Check... ABACUF P-1
ABACUFO1 P-1
o Launch IsoStar ABADUG P1
IsoStar Settings... ABAFUH P212121
Select Databases... ABAGAO Pbeca
. . ABALOF P21/c
Subsets in C5D version 6.00 (Apr 2025) Best_representative_lists ABALUG P212121
C5D_Drug_subsets L4 AR AR 014 fe
C50_MOF_subsets 4 1D_MOF_subset /n
ADPs_available_subset 20_MOF_subset
C5D_Pesticide_subset 30_MOF_subset fc
Electron_diffraction_subset MOF_subset
GRAS_subszet Naon-disordered_MOF_subset
High_pressure_subset Aé.&'\-’OP‘ . i” 1/n
Hydrate_subset ABAVOS P-1
minimal_disorder_subset ABAVUV P21/n
- . i ABAVUY P21/
Display Options Polymorphic_subset X BT - ,:
Display Options Raw_data_subset AR o j]
i hd tracted_subset
[ pacing [_] Short Contact < (sum of vdW radii) Contacs... Show hy reiacEa s = o
D Asymmetric Unit D H-Bond Default definition D Show ce semiconductor_subset
D Auto centre MoreInfo v D Label ab significant_disorder_subset D Multiple Structures
Reset S teaching_subset Structures. .

Press the left mouse button and move the mouse to rotate the structure




Using your own file

* File > Open —to open one of your own files for example a CIF

« Edit > Auto Edit Structure to assign bond types Auto Edit Manual Edi
e File > Auto Edit Structure on Load to automate ] e ond pes

(® Only bonds with unknown types

& AABHTZ (P-1) - Mercury

File Edit Selection Display Calculate Edit Selection Display Calculate CSD-C
I Dpen._. Ctr|+D I Undo: Packing off Ctrl+7 (S:E?]:i?];clj;ﬁes to Cambridge Structural Database
Recent Files » Redo: Not Available Ctrl+Y Aromatic bonds
Delocalised Bonds
Sketch Molecule... Ctrl+K Copy Image to Clipboard Ctrl+C
Auto Edit Structure on Load Edit Structure...

Auto Edit Structure...

Save As... Ct

Normalise Hydrogens... dd missing H atoms

POV-Ray Image...
Printin 3D...

Polymer Expansion...

Transform Molecules...

Apply Close

Exit Ctrl+Q Change Spacegroup Setting...




Lots of display and

analysis options!

Display
I Styles 4 Wireframe
Labels v Stick
Colours > Ball and stick
Show/Hide 4 Spacefill
More Information  * Ellipsoid
Polyhedral
Symmetry Elements... j———
Voids Stick settings...
Ball and Stick settings...
Display Options... Spacefill settings... Show Labels for |Stereocentres i |with |S1:erv.=~.-::u::l'1xemistry-I d
Manage Styles...
ge >ty Ellipsoid settings...
View along ' Polyhedral settings...
Dial box... .
Contact settings...
v Splash screen Measurement settings...
Toolbars »

SQelartad atnme

Mamage Styles... | Work w | At

Watch the [@):
video on
creating

personalised i:

Colour: | by Element

by Element
by Symmetry equivalence

by Atomic displacemenit
by Symmetry operation
by Gasteiger charge

by Partial charge

by Element or Disorder




Features for effective visualization

O POV-Ray Image

Ile Edit Selection Display C:
File et selecion Display Width (pixels)  |2500 | Height (pixels) 1500
Open...
Tregeni: [Fles Material Properties |Metallic ~ | File Format PNG
Sketch Molecule... Background Transparent ~ | Custom Color

SMILES to Molecule... ° C regte h |g h reSO| utio N Generate Animation Frames

InChl to Molecule...

ChemDraw to Molecule.. Ima ges a nd frames for Rotate around () x @) y (O z Number of Frames
Auto Edit Structure on Load \/| d eo Or g |fS

Save As
POV-Ray Image...
o @ 30 Printing X
Print in 30...
File Format  |VRML (colour) w
i | Qutput Size (mm): 38w x47dx 46 h
N N Scale (mm/fA) (4.0 = | Thinnest cylinder {mm): 0.30
» Create files for 3D print St e (o 213
Generate Support Framework
Plirth Thickn & '
EXamp|eOf3D n ! ESS(} |||||||||||||||||||||
pri nted Cnlumn Radlus {'8'} 1 1 [ 1 1 1 [ 1 ! 1 [ 1 1 1 [ 1 1

structure of
CSD Refcode
SAHVYIK

Cutput saved as [mages30Print\ACEPOO. wrl*

Settings

Output Directory : : ;ﬂmages;’SDPrint| Browse...




Polymeric bond representations

@ YIMRIZ (P4322) - Mercury — ]
File Edit Selection Display Calculate CSD-Community  C5D-Core  C5D-Materials  C5D-Theory  CS5D-Particle  CSD-Discovery  CSD Python AP Help
Picking Mode: Pick Atoms v | Clear ﬁ % | [0 Show Labels for All atoms with Atom
Style: Ball and Stick ~ Celour: by Element ~ . Manage Styles... Publication ~ | Atom lists: ~ | © Select by SMARTS: [c]
[ Animate... Default view: b “(la b c a& b c* %~ ¥+ y- y+ oz z+  x-00 x+00 90 y+90 z90 =90 &« > L # - Disorder: Asly
Structure Navigator
YIMRIZ
Crystal Structures Spacegroup
YIMRIZ P4322
YIMROB P21/n
YIMROC P21/c
YIMROD Pcal
YIMROE C2/c
YIMROF P4122
YIMRUH Pbca
YIMRUI P21/c
YIMRUJ P21
YIMRUL Cc
YIMSAO P21/n
YIMSAP P21/c
YIMSAQ P21/c
YIMSAS P4122
YIMSES P212121
YIMSET Pna2l
YIMSEU Pcen
YIMSEW P21/c
YIMSIA P21/c
YIMSIW P212121
YIMSIX R-3
YIMSIY P21/c
YIMSOC P-1
YIMSOD P21/c
YIMSOE P21/c
. . YIMSOG P21/n
| Display Options YIMSOGO1  P21/n
Display Options VIRAS] 1L D1
_ a _ < B
] Packi — k8 Show hyd | Depth
— e [ Short Contact < (sum of vdW radii - 0.24) Eoniscts = Showlergens - Beptcae it
[_J Asymmetric Unit |[T] H-Bond User defined More Info [ Show cellaxes  [_] Z-Clipping
[ Auto centre [ Label atoms Sterea [ Multiple Structures
Powder...

Reset

Press the left mouse button and move the mouse to rotate the structure

Structures..,

INn Mercury,
polymeric
bonds are

drawn
alternating
long and
short lines
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By Sub unit

it will add atoms and
bonds up to the next

POIymer EXpa nSion polymeric atom or

bond in the structure.

Edit
Undo: Deselect All Ctrl+Z
Redo: Not Available Ctrl+Y
Copy Image to Clipboard Ctrl+C
Edit Structure...

Auto Edit Structure...
Normalise Hydrogens...

Polymer Expansion...

Transform Molecules... @ Polymer Expansion X

Change Spacegroup Setting..

Selected atoms and bonds
Invert Structure

Change Spacegroup to Subg ® Expand at selection

(") Expand symmetry related

(") Prune at selection ' ' | ) By Wh0|e u nit
Expand by 4 . f %o ’ It will add an additional
gwmleumt oh y repeat of the initial

Sub unit

crystal chemical unit to
the structure

[] "Po"label on polymeric bonds

Expand All Reset

Close




Multiple Structures

(o YODDOO (P43) - Mercury = [m] *
Picking Mode: Pick Atoms Labels for All atoms with Atom Label
Style: Ball and Stick -~ Colour: by Element ~ |© Manage Styles... Publication ~ | ¢ Atom lists: ~ | i Select by SMARTS: [c]
[ Animate... Default view: b ~“ a b ¢ a b X- x+ y- y+ z- 7+ | x-90 x+00 y-90 y+90 z-90 z+90 + > | » - Disorder: Avl
Structure Navigator (=

YODDOOo Find

Crystal Structures Spacegroup
YODDOO P43

TOP TIP! *

o Multiple Structures

Actions, e.g. packing, will be applied to Active structure(s) only
Rotation is around

(O Global rotation centre © Local rotation centres

Delete Al 8 3 an @ an
Structure Visible Active Movable Colour Disorder
1 YIMRIZ a a -] by Element ~ A@
2 Delete YODDOO ] (] a H Blue ~| None
by Element
by Symmetry
by Atomic Displacement
™ White
B Move the structure that is nearest the mouse cursor I Light Grey
B Grey
% Dark Grey YODFIH P21/c
1 W Black YODFI P2/c
TO p TI P. ™ Pink YODFL Pna2l
M Red YODFIK P-1
M Orange YODFOM P21/n
; . YODFON P21/n
Phcplrs Bnd 7 Yellow
e . YODFOO  P2i/n
[T Light Green
Display Opticns VANEND 0.1
B Green
[ Packin @ show hydrogens [ Depth cue i
9 [ Short Contact < (sum of vdW radii - 0.24) Contacts.. yeres i ”: Light Blue
] Asymmetric Unit H-Bond User defined [ Show cell axes ] Z-Clipping Cyan .
= Mot Infol W Blue B Muttiple Structures
[ Auto centre [ Label atoms Stereo
Powder... B Purple 5
Reset B Violet tructures...
B Magenta
Press the left mouse button and move the mouse to rotate the structure Custom...

Use Multiple
Structures for
structure
comparisons.
Structures

can be in
different
colours —
helpful when
overlaying
structures.
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Crystal Packing

(0 YODDOO (P43} - Mercury

|F|Ie Edit Selection Display Calculate CSD-Community CS5D-Core  C5D-Materials

Picking Mode: Pick Atoms Centroids... Measurements ﬂ) ‘Q () Show Labelsfor All atoms

Style: Ball and Stick ~~ Celour: o Manage Styles... Publication

T

C5D-Theory  C5D-Particle  CSD-Discovery  CSD Python APl Help

with Atom Label

~ || Atom lists: « | ¢ Select by SMARTS: [c]

O Animate.. Default view: Packing/Slicing... [ K x+ y- y+ z- z+ %-90 x+90 y-90 y+90 z-90 z+90 « >

Molecular Shell...

Default view: b
Graph Sets... aultview:
Powder Pattern...
e
- Pore Analyser...
- Structure Overlay...
~
- e > Molecule Overlay...
&) —

q‘.

e

a b c a b"

Display Options
play A ()
Display
@ Packing
Asymmetric Unit Contact
act < (sum of vdW radii - 0.24) ontacts...
User defined -
Auto centre More Info
Powder...
Reset

Press the left mouse button and move the mouse te rotate the structure

Use Packing

to compare

O Packing and Slicing

Packing
Show cell axes
Label cell axes

M Pack & | 002 (102
b [ 00 ] [10[F]

Reset

+ 0.5

+0.5

+0.5

2x2x%2

3x3x3

Include atoms

.. that Fit

« in molecules whose Centroids fit u m |tS —

- in maolecules where Any atom fits

. in molecules where All atoms fit

. larger
structural

helpful if

OjC O ® O

Options
B show hydrogens O Depth cue

@ Show cellaxes [ Z-Clipping

[ Label atoms Stereo

.. in malecules which occupy Unique supercell positions I p O |y m e r

NEW -
repeat unit Is

oz o Nnot identical.

YODFAZO1 — P21/c
YODFEC P-1
YODFED P21/c
YODFEE P21/
YODFEF P212:21 U se Defa U |t
YODFEG P-1 .
YODFIG P-1
YODFIH P21/c View
YODFIl P2/ e el
Yoors  peeet for(initial)
YODFIK P-1 .
YODFOM  P21/n | t
5 5 YODFON P21/n a |g NnMent.
YODFOO  P2l/n
NONDEND 0.1
<< >
B Tree View

a Multiple Structures

Structures...
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Structure Overlay

@ YODFAZ (C2/c) - Mercury

= o X .
ile Edit Selection ispla alculate -Communi -Core -Materials -Theo -Particle -Discovel hon APl Hel
File Edit Selecti Display  Calcul CSD-C ity CSD-C CSD-Materi CSD-Theory  CSD-Parti CSD-Di ry  CSD Pytl Pl p S@'@Ct a | rS
Picking Mode: Pick Atoms Centroids... Measurements @ £ € | Show Labels for All atoms with Atom Label f t .
Style: Ball and Stick - Colour: Blanes... Manage Styles... Publication ~ | Atom lists: v | Select by SMARTS: [c] O a I l I | n
[J  Animate..  : Default view: Packing/Slicing... o x x+ y- yr oz oz+ x990 x+90 y-00 y+90 z90 z+90 € > | 2{zBisorder fic® t h e Sa m e
Contacts... -
Structure Navigator g X
Molecular Shell...
ooz structural
Bovider Patt Crystal Structures Spacegroup .
owder Pattern...
YoDDOO  P3 environment.
Pore Analyser... YoDDUQ P21/c
YoDDUQO1  P21/c T h
Structure Overlay... YODDUR Pca2l e | | I re

Molecule Overlay...

YODDUS P-1
YODDUT P-1
YODDUU 12/c

Pairs you use,

i the more
1v» Select pairs of atoms in any two crystal structures. . .
realistic the
Atom1 Atom2 Distance 7! R M S va | u e
- 1 Delete| Y5 Eul 20747
2 Delete Y2 Eu 20.585 Wl | | be
3 Delete C3 c12  20.574 4]
v
RMS: -
Close
YODFIK P-1
YODFOM P21/n
5 = YODFON P21/n
g X
Deplay Options YODFOO  P21/n
Display Options VODEND D.1
e e 0 << >
Packi Show hyd Depth
St () Short Contact < (sum of vdW radii - 0.24) Sontacts... abbidestl st e
Asymmetric Unit () H-Bond User defined More Info ¥ @ Showcellaxes [ Z-Clipping
[ Auto centre v [ Label atoms Stereo @ Multiple Structures
Reset Structures...

Press the left mouse button and move the mouse to rotate the structure ‘ ‘ I ’ ‘
L]



Structure

Overlay

Reset

Press the left mouse button and move the mouse to rotate the structure

- Mercury — (]
Picking Mode: Pick Atoms ~  Clear Measurements @] 9 % [ Show Labels for Al atoms with Atom Label
Style: Ball and Stick ~ Colour: by Element ~ | Manage Styles.. Publication ~ - Atom lists: ~ | ¢ Select by SMARTS: [c]
[ Animate... Default view: b ~ a b ¢ a b* x- x+ y- oy+ oz oz+ x-90 x+90 y-90 y+80 z-90 z+80 <« = | »|: Disorder; Aol
Structure Navigator g
YODFAZ Find
Crystal Structures Spacegroup
YODDoo P43
O e T YODDUQ P21/
) ¥YoDDuQo  P2lic
el irs of X | YODDUR Pca2l
elect pairs of atoms in any two crystal structures. YODDUS b1
Overlay YoDouT P-1
YODDUU 12/¢
Atom1 Atom2 Distance SOILLLL LT
YODFAA P21/n
1 Delete Y3 Eul 0.082 YODFAB P2/a
YODFAC Peen
2 Delete Y2 Eu3 0.090 YODFAY p-1
YODFAZ C2/e
3 Delete C3 c12 0.003 YODFAZO1 P21/c
YODFEC P-1
RMS: 0.0744 YODFED P21/
YODFEE P21/n
Close YODFEF p212121
YODFEG P-1
YODFIG P-1
YODFH P21/
YODFIl P2/e
YODF Pna2l
YODFIK P-1
YODFOM P21/n
YODFON P21/n
Display Options YODFOO p2/n
Display Options WANEND 0.1
e e O < B
Packi Show hyd Depth
e (] Short Contact < (sum of vdW radii - 0.24) Contack= R S B Tree View
Asymmetric Unit |[] H-Bond User defined More Info = ’ Show cell axes [:] Z-Clipping
[ Auto centre Powder [ Label atoms Stereo -] Multiple Structures
Structures..,

Select pairs
of atoms in
the same
structural
environment.

The more
airs you use,
the more
realistic the
RMS value
will be.
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Exploring voids

@ VIMRIZ [P4322) - Mercury
Eile Edit Selection = Display Calculate C5D-Community C5D-Core  CSD-Materials  CSD-Discovery  CSD Python APl Help
ids X Picking Mode: La Styles 3 ~ | Clear Measurements {b @} D Show Labels for |All stoms with | Atom Label
Style:  Capped Sticks Labels » h's Manage Styles... |Publication b Atom selections: b
l:‘ Animate. .. Colours p a b c & b* = ¥ ¥+ y- ¥+ z- 7+ %90 x+90 y-90 y+90 90 z+90 & = . T zoom-  zoom+ Select by SMARTS:
Find any empty spaces (voids) in crystal unit cells that are big enough
to hold a spherical "probe” of the given radius. Decrease the Probe Show/Hide YIMRIZ Find
Radius to find srmaller spaces. Dgcrease the Grid Spae_:irlg to create Ciystal Structures Spacegioup
smoother surfaces. To see voids in more than one unit cell, use the VIMRIZ pa322
Packing/Slicing dialog to turn on packing and increase the ranges More Infermation ) b2 YIMROB P21/n
aleng a, band c. YIMROC P21/c
Symmetry Elements... koD reacl
YIMROE C2/c
. o YIMROF P4122
@ show Voids... 6 0 VIMRUH  Pbes
YIMRUI P21/c
Probe Radius: 1.2 & i ; YIMRUJ P21
Display Options... ITARD o
Approx. Grid Spacing: 0.3 A M Sl 18 ’ YIMSAO P21/n
_ TREFE A ‘ : . VIMSAP P21/c
Calculate using the Contact Surface - . YIMSAQ P21/c
View along YIMSAS P4122
Display Optil:lns YIMSES P212121 |
h g 3 YIMSET Pna2l |
. | En Frie * - ‘ s 3 VIMSEU Pcen
CQutside Colour: 1 VIMSEW P21/c
YIMSIA P21
: . = ' Splash screen 43 |
Inzide Colour: 1 YIMSIW P212121 |
YIMSIX R-3
. Toolbars YIMSIY P21/c
YIMSOC P-1
397 % of unit cell volume My F2lic
Volume | YIMSOE P21/c
588.56 A | bi ; TR YIMSOG P21/n
[Risplay Opbions YIMSOGO1  P21/n
| ’ Display Options VIRASLL D.1
<< >>
Defaults 0K Appl Cancel B Packi B Show hyd Depth
il M iy [T] Short Contact < (sum of vdW radii - 0.24) Loptacks... B hoe by 9 SRS Trea View
Asymmetric Unit |(C) H-Bond User defined Morslisfor Show cell axes  [_] Z-Clipping
- | () Auto centre Powder. () Label atoms Stereo B Multiple Structures
Reset Structures...
[
Press the left mouse button and move the mouse to rotate the structure J




Pore Analyser

@ YODFAZ (C2/c) - Mercury

File Edit Selection Displi
Picking Mode: Pick Atoms |

Style: Ball and Stick | Color

Calculate

Centroids...

Planes...

Packing/Slicing...
Contacts...
Molecular Shell...
Graph Sets...

Powder Pattern...

C5D-Community

CSD-Materials  CSD-Theory  CSD-Particle

ts Q '4} [T show Labels for Al atoms

yles.. Publication | ¢ Atom lists:

X+ Y- y+ I- I+

%00 x+90 y-90 y+90

Pore Analyser...

Structure Cwerlay...
Molecule Overlay...

O Animate... Default vie
i
Display Opticons
Display
] Packing
O Asymmetric Unit

[ Auto centre

Reset

(] Short Contact
[_] H-Bond

< (sum of vdW radii - 0.24)
User defined

Lev Sarkisov*, Rocio Bueno-Perez, Mythili Sutharson, and
David Fairen-Jimenez, Chem. Mater. 2020, 32, 23, 9849-9867

— a X
CSD-Discovery  CSD Python APl Help
with Atom Label
~ | ¢ Select by SMARTS: [c]
00 z+00 ~ = L * - Disorder: Avl
Mavi g x
@ Fore Analyser x [E igater
v Find
Current Structure: YIMRIZ Calculate
Il Structures Spacegroup
[CJ Show advanced options YODDOO P43
YODDUGQ P21/c How to Use Pore Analyser in Mercury E
. YODDuGH P21/c
Parameter Result Unit VODDUR Peazt Watch the @
1 System Volume 1506.774 A YODDUS P-1
. e
YoDDUT  P-1 video "
2 Systern Mass 1508.382 g/mol YODDUU 12/c
3 System Density 1,662 g/em® YODDUUO1 - 12/e
YODFAA P21/n
4 Total surface area 12341 A YODFAB P2/a
2 s YODFAC Pcen
5 Total surface area per volume 819.04 m*/cm VODFAY p-1
6 Total surface area per mass 4921 m¥/g YODFAZ Ca/e
YODFAZO1 P21/c
7 Metwork-accessible surface area 12341 A YODFEC P-1
_ L YODFED P21/c
8 Metwork-accessible surface area per volume 218.04 m*/cm VODFEE P21/n
9 Metwork-accessible surface area permass 492,71 m¥/g YODFEF BN
YODFEG with v4.0 and the CSD MOF Database
10 Total helium volume 653385 A YODFIG SR
) . YODFIH 16 98 2) @
11 Total helium velume 0.261 /g YODFI
12 Total geometric volume 761.534 Iy YODFU susJECTS:
YODFIK
YODFOW
Saveas yopFoN  Abstract
YODFQQ  [edoiopee
VANEND n PoreBlazer un open access, 1 A
QK < o i et & ﬁ i) .
ContL J o prototpac anc ) .u’)‘t':;-r..xmor 1 and ZIF 8, and @ @ 5 2 .
0O 0O L B Tree View par v Zeo++ and RASPA. Second, we apply PoreBlazer 10 the recontly L3P
More Info = Show cell axes Z-Clipping ::nuddml-dm—xmfmcslvmov baet —and compar - Lottt :e:: n B i i
[ Label atoms Stereo 3 wMul :::M"WM 4
Powder... bl =
5 hitps.// github com S PoreBluser. The data

hittpe://github com /sami

Iytoes mof «xplorer. bttpe  github com aaml analytees pea explorer
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Crystal Packing Feature Search

 Perform a substructure search.

* |nvestigate conformations of
mMolecules or bonded fragments.

CSD-Materials  CSD-Theory  CSD-Particle  CSD-Discovery  C5D Pyl

« Search for non-covalent - otk

Calculations 4 Crystal Packing Feature...

iNnteractions such as n-nt or pobmorp ssiment» Ol Pekng Sty

|

Manage Searches...

hydrogen bond interactions. | eosese 0 .

Full Interaction Maps... Post Search Options
Hydrogen Bond Statistics...

» Search for particular spatial

Solvate Analyser...

arrangements of functional
g rO u pS, Conformer Generation...

DASH has mowed

Packing Feature Search Wizard

Use this wizard to search for a crystal packing feature

Load a crystal structure in the visualizer and then select atoms to select the
spatial arrangement of atorms you wish 1o search for,

Or load a previously defined feature <select Feature= ~

You have selected 11 atoms of 1 moleculeds) fram zifs,

» Search for particular spatial
arrangements of molecules.



Additional search functionality

o

Packing Feature Search Wizard

Allows wariable atom and bond types

Select the atoms and bonds you wish ta vary and press "Modify', Or simply press ‘Tesxt’,

akoms bonds
atom residue  element hydroge bonds ™
£nl 1 Zn 1] 4
M1 M i 3
M1 o1 M 0 1
c3oo C 1 3
c1 o1 C 0 3
H3 1 H 1
M1 M 1] 3
M1 M 1] 3
M1 M 1] 1
-l A ! v
< >

Search Opkions

Modify:

-

Element

Hydrogens
Charge

Mumber of bonded atoms

Crelicity
LI —narge

[ ] Cyclicity

Mexk

Cancel
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Use for structure analysis

¢

€ Packing Feature Search Wizard

Select Parametars

Select atoms in the visualiser to select distance, angle or torsion parameters, Or simply

press et

Current Selection:

add =

Parameter List

Zrnl_M1

Delete

Rename

Cancel

CCDC



Calculate powder pattern

Calculate

Centroids...

Planes...

Packing/Slicing...
Contacts...
Malecular Shell..,
Graph Sets...

Powder Pattern...

Structure Cwerlay...
Malecule Overlay...

=)

@ vIvRIZ x

Current structure: YIMRIZ w

Customise... B Show Simulated  Reference... || Show Reference

10000.0
9000.0
8000.0
T000.0
6000.0
5000.0
4000.0

3000.0
2000.0 J
1000.0 ‘
0.0 P II .Y I Ahody

4.0 14.0 240 34.0 440
2 theta (%)

Wavelength: 1.54056 & 4,008°, 0 h k1=001
Y |MRIZ simulated

Intensity

Click and drag |eft mouse button to zoom in. Save... Save image... Close

Display Options
Display Options
e [ |Short ... < (sum of vdW radii) Co Show hydrogens [ ] Depth cue
Asymmetric Unit |[7] 4-pon... Default definition i o Show cell axes  [_| Z-Clipping
[ ] Auto centre [ ] Label atoms Stereo

Reset

Powder...

How are the patterns calculated?

 Fundamental calculation

* No one algorithm exists

« Series of steps need to be taken
based on the theories of how X-
rays interact with 3D lattices.

See the book "Fundamentals of

Crystallography" by C. Giacovazzo, et

al. for an overview.

CCDC



Calculate powder pattern

Customise. ..

0 Powder Pattern Settings

Pattern  Display  Preferred orientation
Preferred orientation
BFDH Predicted Shape: Needle along [1,-1,2] axis

(O Include preferred orientation

@ vIMRIZ

Current structure: YIMRIZ

[Customise..

10000.0
9000.0
8000.0
T000.0
6000.0
5000.0
4000.0
3000.0
2000.0

1000.0 1
0.0 ) i. ||I (L

B Show Simulated

Intensity

>

e

Reference.. || Show Reference

n 4

4.0 14.0 24.0

2 theta (%)
Wavelength: 1.54056 ) 45,0007, 909

¥IMRIZ sirmulated

Click and drag left mouse button to zoom in. Sawve...

1 hal it
(O I U T g
34.0 44,0

hkl=32735

Save image... Close

h 0 2 k0 2 L1
March-Dollase parameter: 1
Apply Default Cancel
SaVE...

O Save Powder Pattern

1 ; s ThisPC » Downloads » v O

Search Downloads

File name: | AMBHTZ

Save as type: DASH ASCI powder pattern file format (*xye)
2-theta, intensity (*xy)

Reflection list (*.hkl)

Tab separated (*.tsv)

Tab separated, with ESDs (" tsv)

~ Browse Folders

Panalytical XRDML format (* xrdml}

Save image...

brap...
Jpeg...
Jpg...
pbm...
[P
png...
PRIT-..
tif...
tiff...
xbm...

XL,

I ul

@ vivMRIZ

Current structure: YIMRIZ

Customise...

2000.0

1500.0

1000.0

Intensity

*

e

B Show Simulated | Reference... [ Show Reference

0.0 | |

Wavelength: 1.54056 &
— YIMRIZ simulated

I Clickamldl Reset zoom

|1
20.2 21.2 222 23.2 24.2 25.2 26.2 27.2 28.2 202

2 theta (%)
25.587°,0 hk1=20,3
Save... Save image.. Close




Calculate

Centroids...

Lots of display and s S\®) Planes..
analysis options! LT padngssicing..

Contacts...
Molecular Shell...

Graph Sets...

Pick Atoms

Pick Atoms
Lasso Atoms
Expand Contacts
Toggle Labels

Picking Mode:

Powder Pattern...

Pore Analyser...

Structure Owverlay...

Measure Angles Molecule Ovverlay...
Measure Torsions
Reveal Symmetry-Generated Molecules

Display
Styles r 2 N
Labels » Sl SN D -
Colours » v 7 ‘ Pe Y 4
Show/Hide » ALo§ . o TS
& 5 % ; "v_", AT

Mare Information k e Y 0
Symmetry Elements... , . »
Voids... %
Display Options... e
Manage Styles...

Display Options

- View along r Reaq th?

= Short Contact < (sum of vdW radii) | Dial box... publication on

%“m"i““ S symmetry tools

Auto centre - ey Tzl e
+’| H-Bond Default definition I ‘ Bl splach screen
Powder...
feset | Toolbars r < : < : I ) < :
L]



Data fields

2

Structure Information...

Chemical Diagram...

Atom List...
Bond List..
Contacts List...

Centroids List...
Planes List...

Symretry Operators List...

Distances List...

Angles List..,

Torsions List...

All Angles List...

All Torsions List...

More Info * |

| Show cell axes

[ R

@ vobboo

Current structure: | YODDOO

Diagram
Atoms

Bonds
Contacts

Centroids
Planes
Symmetry
Distances
Angles
Torsions
All Angles

All Torsions

Space Group
Cell Lengths
Cell Angles

Cell Volume
Density (CCDC)
Density (author)
7z

R-Factor (%)

Disorder

Polymorph

0 Customise

Available ltems (Right-click for options)

Selected Items (Right-click for options)

2nd Singlet State Energy (kl/mol)  » Bioactivity
1st Triplet State Energy (k)/mal) Remarks
2nd Triplet State Energy (k!/mal) Halbit
Reorganization Energy (kl/mol) Pressure
Transfer Integral Add = Conformer
3 HOMO-LUMO Gap (k)/mal) SMILES
1st Singlet State Oscillator Stren... << Remove InChi
2nd Singlet State Cscillator Stre... Temperature (K)
¥ Calculated Total surface area (Ang*2)
Total geometric volume (Ang®3) Maximum pore diameter (Ang)
Pore limiting diameter (Ang)
Mumber of percolated dimensions o, Down
P 45 (78) & vooooo —
a 10.240(2) b 10.240(2) ¢ 1 4 Current structure: | YODDOO
90 p 90y 90 Customise..,
Reduced Cell Valume 1514.67
151467 Structure Bioactivity
1.45612 s D ek
Atoms
1.3771 Bonds Habit plate
Z 42" Contacts Pressure
4.62 Centroids Conformer
The MASK/OLEX2 program has been Planes SMILES
used to model some disorder. Symmetry
InChl
Distances
R Angles Temperature (K] 100
Torsions Total surface area (Ang"2) 131.844
Close
All Angles Maximum pore diameter (Ang)  5.4096
All Torsions




Data fields in the CSD Python API

The new properties can also be accessed
using the CSD Python API from the
Entry Module.

Calculated Properties

class ccdec.entry.CrystalCalculatedProperties(_properties=None, _entry=None) [source]

A container for different types of calculated properties of a database entry.
Currently ccdc.descriptors.CrystalDescriptors.Porefnalyser IS the only type implemented.

property pore_analyser: Porednalyser [ None

Returns a ccdc.descriptors. CrystalDescriptors.PoreaAnalyser With stored calculated properties for the
entry.

The pore analyser properties stored are:
* ccdc.descriptors.CrystalDescriptors.Porefnalyser.total_surface_area
* ccdc.descriptors.CrystalDescriptors.Porefnalyser.total_geometric_volume
® ccdc.descriptors.CrystalDescriptors.PoreAnalyser.pore_limiting diameter
* ccdc.descriptors.CrystalDescriptors.Porefnalyser.max_pore_diameter

* ccdc.descriptors.CrystalDescriptors.PoreAnalyser.num_percolated dimensions

Other properties of the pore analyser are not stored and will be calculated on demand.

(Entry API Module)

https;//downloads.ccdc.cam.ac.uk/documentation/APl/modules/entry_api.html

property refinement_goodness_of_fit

Returns the refinement goodness of fit. Describes how well the structural model fits the experimental
data.

55>
5>
S>>
55>

from ccdc.io import EntryReader
csd_reader = EntryReader('CSD')
arutue = csd reader.entry( ARUTUE")
arutue.refinement_goodness_of fit

1.885

property refinement_max_shift

Returns the refinement max shift. Describes the largest ratio of the final least-squares parameter shift to
the final standard uncertainty.

5>
S>>
>
>>>

from ccdc.io import EntryReader
csd reader = EntryReader('CSD')
arutue = csd_reader.entry('ARUTUE")
arutue.refinement_max_shift

0.801

property refinement_number_of_constraints

Returns the refinement number of constraints. Describes the number of constrained (non-refined or de-
pendent) parameters in the least-squares process. If a model has been highly constrained users may
wish to ignore this structure. Similar to No. of restraints.

bS04
>>>
b
bS04
e

from ccdc.io import EntryReader
csd_reader = EntryReader('CSD')

arutue = csd_reader.entry('ARUTUE")
arutue.refinement number of constraints

CCDC



Visualizing disorder

« Functionality available when
you load a CIF into Mercuiry and
for structures in the CSD:

« Visualise the different disorder
models.

* Visualise the contacts for each
disorder model.

* Works in combination with other
functionality, such as Edit, viewing
and selecting hydrogen bonds, .
displaying Voids, Pore Analyser, ?
Mogul, CSD-Materials & CSD-
Particle tools.




4 N

Note: you can have more
disordered groups and more

Visualizing disorder than two options each.

Disorder: Ass Ef* Ces [+ Ei= Filss Al

Check CSD Entry JAZPOT!

File Edit Selection Display Calculate CSD-Community  C50-Core  C5D-Materials  C50-Theory  CSD-Particle  CSD-Discovery  CSD Python AP1 Help

Open... Crl+0 ~ | Clear Measurements £ €& @ Show Labelsfor All atoms ~ with | Disorder V
Rarant Filac » -
|f Cif, load from File F|byElement or Disorder | Manage Styles... Work “ | ¢ Atom lists ~ | ¢ Select by SMJ ;tereochemlstr}r |
= Open then a|O|O|y b by Element " ¥ oxt y- oyt z- oz+ %90 x+90 y-90 y+90 z-90 z+90 Y oM+ ;
5 d ' . di : by Symmetry equivalence | A_DP type Disorder: A@e All
ondtypesvia EAIt | |y Gasteiger charge Improved Disorder
> Auto-Edit by Element or Disorder . . Toggle the
colouring and labelling - .
Pint n 30.. i disorder options
Bt cuta options
L] SNl uriigl L S LSUTTE Q1 VUWY Taunn +
H-Ecnd Uszer defined .
IDisulzl-rder | | I Q

Example of combination
with hydrogen bonds

04150
0.1150 08850 4088
45

-

ID‘isurder‘. Al Al I




Demo of Mercury

Search and analysis of polymeric structures in Mercury
We will:

* Use Mercury to visualise the polymeric frameworks of LNnBTC (Ln

lanthanoid, Y) compounds 0__0
« Compare structures with a Structure Overlay SIc
- Calculate Pore properties © °©

* Simulate and compare PXRD patterns

We are recording today's
session and will make the

recording available to you
in the next few days




Try One

It's your turn!

* Try one example from the handout E]

* Your tutors are on hand to help
you!

* To ask questions during this time
type a message in the chat box

 |f you finish early, try the other
example or try analyse your
structures

https://info.ccdc.cam.ac.uk/2025-autumn-virtual-workshops

link to webpage

Advanced Structural
Visualization and Analysis of
Porous Materials Using Mercury

“* Tuesday, 7t October

‘; 13:30-14:15 (BST)

Table of Contents

Analysing Porous Materials Using
Mercury

Developed using

i Me

link to handout
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Functionality in the CSD Python API

Polymer Expansion

CSD Python API 3.5.0 documentation » API documentation » Descriptors API . .
EILEID R EE M= RN = CPEEIAR Polymeric crystals may be expanded, as in Mercury, with the method cedc.erystal.

CCDC Descriptors AP Cl’ystal API For example:

: »>»> crystal = csd_reader.crystal( ABALOF')
IntrOdUCtlon . »»» print(len{crystal.molecule.atoms))
Introduction % ’
Table of Contents The ccde.descriptors module contains classes for calculating descriptors. zii =i :(i”yitai-P:IY'“;;-“P"‘“SN”O
- . prin en(mol.atoms
Descriptors API . The main class of the ccde. crystal module IS ccde. crystal.Crystal. 188
« Introduction The main classes in the ccdc.descriptors module are:
. ,aiplﬂmcmmscriptors . et deseriotor ] ‘ cede.crystal.crystal contains attributes and functions that relate to crystallography. An eX{  There is an optional repetitions argument 10 ccde. crystal.polymer_expansion() L0 COI
’ prors.flelecularDescriptors graphic attribute is the ccdc.erystal.Crystal.cell_volume i -
" Geometr‘chesfrlptors * ccdc.descriptors.GeometricDescriptors ey ey . - ’ sions performed_
= CrystalDescriptors . .
= StatisticalDescriptors . ccdc.descr‘:{.ptol s.CI‘ystaIDEscr‘J..ptms.Powdel Pattern S e ezdef A EREElTesdr 235 mol = crystal.polymer_cxpansion(repetitions=5)
Previous topic * cede.descriptors. Crystalbescriptars. forphology. >>> csd_crystal_reader = CrystalReader('CSD’) 55> print(len(mol.atoms))
) P ¢ ccdc.descriptors.CrystalDescriptors.GraphSetSearch. >»> first_csd_crystal = csd_crystal_reader[@] 3586
Interaction API * ccdc.descriptors.CrystalDescriptors.HBondCoordination. Po remi(iErei et sl el el )
. | 769,978 .
Next topic * ccdc.descriptors.CrystalDescriptors.HBondPropensities. id 1 b di id B de . There is another keyword argument 10 ccdc. crystal.Crystal.polymer_expansion(), atorr
Morpholagy API * cedc.descriptors.StatisticalDescriptors. void_volume(probe_radius=1.2, grid spacing=6.7, mode='contact’) control over the expansion is required. The atoms provided will be matched by |z
p ay P P
. - Determine the void volume of the crystal. crystal's polymeric bonds, so the repetitions argument can still be honoured.
QIJ'ICk search class PoreAnalyser(crystal, settings=None)
| | Go | Calculates Pore Analysis. crystal is ccdc.crystal.Crystal »»» from ccdc.io import EntryReader »»» original mol = crystal.molecule
»»» entry_reader = EntryReader('C5D") »»» atom_to_expand = original mol.atom( I4C')
Hide Search Matches class Flags >>» abawop_crystal = entry_reader.crystal( ABAWOP') »»» mol = crystal.polymer_expansion(ztoms=[atom_to_sxpand])
Flags for validiity of cached variables »»» round(abawop_crystal.void volume(), 2) »>»» print(len(mol.atoms))
13.99 =

>»> mol = crystal.polymer_ expansion(atoms=[atom_to_expand], repetitions=5)

property calculator_is_valid >3> print(len(mol.atoms))

grid spacing (A) Parameters: « probe_radius — float, size of the probe 156
closs Settings « grid_spacing - float, f_inerjess: of the grid on which the calculation i i FrTEIEE Hor @ i Colamm s 57 Seldicl = @),
Settings for PoreAnalyser » mode — either ‘accessible’ or ‘contact’ according to whether the cen  -.» orint(len([a for a in mol.atoms if a.label — "Cu3A’']))
the whole probe must be accomodated. 2
property cutoff_distance Returns: void volume as a percentage of the unit cell volume r

Cut-off distance (A)

property grid_spacing

grid spacing (A) "
property he_probe_epsilon Search FI nd more

UFF L-J epsilon/k for He probe (K) . . .
property he_probe_sigma Searching for multiple words only shows matches that contain all words. fu n Ct IONa | |ty usin g

UFF L-J sigma for He probe (A) [ ) search | the search bar!

property n_probe_sigma
UFF L-J sigma for N probe {A)

X i https//downloads.ccdc.cam.ac.uk/documentation/APl/search.ntml?g=
property samples_per_atom

Carmrla ci7vm Far crirFacm armee emale~rilatimem




Solvate Volume

Solvate Analyser enables to visualize the volume
occupied by inclusion molecules such as solvates

. Solvate A x
CSD-Materials ~ CSD-Theory  CSD- & solvate Analyser
Search 3 Solvent Selection and Space Calculation  SolventH-Bonding  Structure Summary
Calculations 4 Remove Solvent |Calculate Space [ Hide all molecules | Packing...
1 2 3 .

Polymorph Assessment ¥ Settings

St 1 2 : e —
Co-Crystal Design ’ Formula H201 C2HIN1 CTI0HE N2 Approx. Grid Spacing: A
Full Interaction Maps... Volume (%) 29 37 60 Calaate using the | solyent Accessible Surface -
Hydrggen Bond Statistics... Volume (A%) 54.31 69.35 1397 Results

Show Space % = % of unit cel voume
Hydrate Analyser... Youme &

Show Solvent %] M
Solvate Analyser.., )

i Select Solvent [ O O Defaults

Aromatics Analyser...

Inside Colour | ™= | I
Conformer Generation... Inside Opacity '| 1 | '| ] ] '| 1 |
DASH has moved Outside Colour ™ _ | [ -

Outside Opacity '| 1 | '| 1 ] '| 1 |

Close




Disorder and Solvate Analyser

* Solvate Analyser works with disorder producing different results
based on the disorder group selected

Space calculated with different disorder groups active.

CSD Entry LIFNOG CCDC



Disorder and Mogul

Mogul provides precise information
on preferred molecular geometries.

* Enables you to validate the chemistry of
your structure against the experimental
data in the CSD

ﬁo see the result}

for different
disorder options:
 Toggle the
disorder button
« Then use Mogul
Geometry
Check as usual

* Repeat for the
\ other options/

Bruno et al, J Chem. Inf.

&

CSD-Core  (CSD-Materials  CSD-Disce

@

@

[

®

Launch WebC5D

ConCuest Hit Highlighting...
Launch ConCuest

Data Analysis Module..,

Mogul Geometry Check...
Launch Mogul
Mogul Settings...

|zoStar Interaction Check...
Launch [so5tar

IsoStar Settings...

Select Databases...

] Apply filters

Comput. 5cCi., 44, 2133-2144, 2004

@ Mogul Search Settings — X

Fragment Types
Bond Length Valence Angle Torsion Angle Ring

Search Filter Options
Available filters
R-factor <= 5.0%
Exclude |Solvents
Heaviest Element U
Exclude Organometallics

Powder structures

Search Mode
() only find fragments that match exactly

(®) Find similar fragments if number of exact matches is less than

Bonds Angles Torsions Rings
Customise fragment dassification ...

On-demand 0
training
module

O

Yo

¥ oo
4 N
g e
Disorder: AO. All Type Molecule
v bond
A WEBDEQ

L A

CSD Entry WEBDEQ

Show [ hide : Co

9 Mogul Results Viewer

lurmns

Help Double dick to vi

Type Malecule

Fragment

~ bond

hd WEBDEQ

~ angle
v WEBDEQ

% torsion
hd WEBDEQ

Show / hide:

03C4
0403
cic4

03C40C3
C4C3ce

C3C4C30

0 Mogul Results Viewer

Columns

Help Double dick to vie

v WEBDEQ

n
v WEBDEQ

Fragment

03c4
CaC4
C4A C3

03C4C3

AR o

03 C4C3 O«



Disorder and Mogul

ﬁo see the result}

for different
disorder options:
 Toggle the
disorder button
« Then use Mogul
Geometry
Check as usual

* Repeat for the

\ other options/

Bruno et al, J Chem. Inf.

Comput. 5cCi., 44, 2133-2144, 2004

Disorder: AO-

Disorder: A@> All /

All

CSD Entry WEBDEQ

On-demand @

training
module

0 Mogul Results Viewer

Show / hide : Fragments... Deselect all fragments Export...
Help Double click to view result in Mogul
Type Molecule Fragment @ CCDC Mogul 2025.1.0: WEBDEQ (P212121) - Mercury

~ ‘bond
v WEBDEQ
03C4
04C3
C3c4
¥ angle
v WEBDEQ
03C4C3
04C3C4
%' torsion
v WEBDEQ
03C4C304

O Mogul Results Viewer

Show  ide:
Help Double dick to view
Type Malecule Fragment
v bond
hd WEBDEQ
03C4
Cic4
C4aC3
v angle
hd WEBDEQ
03C4C3
v torsion
hd WEBDEQ

03 C4 C3 044

File Searches Databases Help

Build query Results and analysis View structures

Mogul search - Torsion angle - 03 C4 C3 04

Value in query: 55.467°

Value in -:.:|uer\_-': 77.107°

A.

Results Navigator
All hits: 41 20
Accepted hits: 41
R-factor: Any  Heaviest Element: Any
Exclude: None
Relevance Mumber Contribution
1.00 [ 146% 16
0.04 2 49%
0.89 1 24%
0.84 3 T3%
0.82 10 24.4% 12
079 3 T3%
0.75 16 39.0% »
£
s
z
E 8
=
View diagrams... More hits...
Statistics 4
Total: 41
Selected : 41
| dmin) | : 0.000°
o A
0
Hists displ.
All fragments... View query... istogram clsplay

Results and analysis

Displayed hits: 41
Selected hits: 41

45

90 135

Torsion angle [ °

Click to (de)select bars; dick and drag to (de)select a range

Data libraries

Select all hits in histogram

CsD600 | Wm

Deselect | all hits in histogram

Unusual (enough hits) 41

77.107

==}



CSD-Matenials  CSD-Theory  CSD-
£ Search L

| Calculations 4

Polymorph Assessment ¥

Disorder and Hydrogen Bond Statistics | ==

| Hydrogen Bond Statistics...
Hydrate Analyser...

Solvate Analyser...

Aromatics Analyser...

Hydrogen Bond Statistics

DASH has moved

* Interactions geometries in the context
of million+ crystal structures in the CSD

Distance  Distance Distance  Angle Angle Angle

) A t .
ener ceeptor D-&  classification  threshold D-H..A classification thresheold

A'| M44 (amide_carbonyl) (A1) O1 (amide_carbonyl) 2.74 Unusual 2,80 3.19) 145.21 Unusual 147.52
° _ —
An a |yS|S Of t h e usua | or unusua | NESSs A2 M4B (amide_carbonyl] (A2) 01 (amide_carbonyl) 2.89 Mot Unusual (2.80, 3.19) 13533 Mot Unusual 147.52

of observed hydrogen bonad
lengths/angles in a crystal structure

@ \v A.I Disorder: Ao
Al & A2 disorder states W '

0. Distance (&)

Effective density
Effective density

(0.815:0.185 occupancies) {
.

2,25 25 275 3 3.25 3.5 3.75 4 120 130 140 150 160 170 180

) 120 130 140 150 I 160 I 170 180
e D...A Distance (&) D-H...A Angle (%) D-H..A Angle ()
- 4
Disorder: A ]
A2 isorder; Al g3.5»[)[) ]
3
g g 5
3 3 2 5]
2 2 <
- p— & & ]
2.500 —
CSD Entry REDHEOIO 1

o T [rrrrprrrr[rrrrprrrr[prrrrprorri]
2,25 25 .75 3 3.25 3.5 3.75 4 120 130 140 150 160 170 180 120 130 140 150 160 170 120

D...A Distance (&) D-H...A Angle (%) D-H...A Angle (%



Disorder and Hydrogen Bond Propensities

 Hydrogen Bond Propensities

CSD-Materials = C5D-Theory CSD

Search

Calculations
Polymorph Assessment
Co-Crystal Design

Full Interaction Maps...

Hydrogen Bond Statistics...

Hydrate Analyser...
Solvate Analyser...

Aromatics Analyser...
Conformer Generation...

DASH has moved

*Predict likely hydrogen
bond pairings and
» donor/acceptor coordination
H-bond Coordination Quick-view... ‘ ||ke||hOOdS

*Assess crystal forms, e.g.
identifying sub-optimal
hydrogen bonding or under-
Jover-use of donors and
acceptors

L Hydrogen Bond Propensities...

3

*Explore relative likelihoods
of putative h-bond networks

Other tools include Full Interaction
Maps (FIMs) and Aromatics Analyser

CSD Entry CATVOM

(0.78:0.22 occupancies)

ond Co-ordination

o

Mean H-Bond Propensity

oo 01 02 03 04 05 06 07 08 095 10

0.0

0.1 =
0.2 +

e 2 o2
n T L
l l |

0.6 —

o r: ,ﬁ.‘r'u..rumm
D (6 pairs) :

i . CATVOM A2
5{’\}(5 pairs) :

Al low propensity pair,
donors used optimal #
times

A2 higher ranked pair,
less pairs, under-used
donor

CCDC




CSD MOF Collection

QRO EQulection Entry
« Complements our CSD MOF
subsets embedded in CSD
Portfolio

« A good starting point for high-
throughput analysis
« 12,505 3D porous MOFs

« All 3D MOFs containing over 10 %
void space

« Converted to space group PI
« Non-bonded solvent removed

* Missing hydrogen atoms added




CSD MOF Collection

The CSD MOF Collection contains reference
spreadsheets

« Allows further categorisation within the

collection
CSD refcode CIF filename original crystal system Sohncke space group Percentage void sp:
ABAVIJ abavij P1 monoclinic - 15.
ABAVOP abavop P1 monoclinic - 13.
ABAYIO abayio_P1 charged cubic - 62.
ABAZAF abazaf P1 monoclinic - 21.
ABAZAFOL  abazafol P1 monoclinic - 22,

The CSD MOF Collection has a Creative Commons
licence: CC BY-NC-SA 4.0

https//www.ccdc.cam.ac.uk/free-products/csd-
mof-collection/

https://doi.org/10.1016/[.matt.2021.03.006

Matter c’

CellPress

Wolume 4, Issue 4, 7April 2021, Pages 1105-1106

Preview

The launch of a freely accessible MOF CIF
collection from the CSD

Aurelia Li !, Rocio Buenc Perez !, Seth Wiggin %, Suzanna C. Ward ?, Peter A. Wood %,

Cavid Fairen-limenez ! 2, &

Show more

+ Add to Mendeley =2 Share 99 Cite

httpsyffdol org 10106/ matt. 2021.03.006 A Get rights and content A

Under an Elsevier userlicense 7 & open archive

The computational study of metal-organic frameworks (MOFs) reliesheavily on the
availability, quality, and simulation-readiness of MOF structural data. We announce here
the release of the freely accessible and regularly updated “CSD MOF Collection,” a dataset
of »10,000 3D porous computation-ready MOFs, derived from our automatically updated

e S
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CSD and ICSD

« Porous materials encompass
structures that may be
considered inorganic, metal-
organic or organic

* |t Is possible to search for
entries in both the CSD an

(‘.|cs|) using Access Structures

« Joint deposition system too!

CCDC Cmzxasune  Access Structures En

Simple Search  Structure Search  Unit Cell Search  Formula Search

Enlry search

Welcome to Access Structures, the CCDC's and FIZ Karlsruhe's free service fo view and refrieve structures. Please use one or more of the boxes to find entries. If you enter
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ABSTRACT: Hybrid or organic molecular ferroelectrics hold the potential
to serve s lead-free alternatives to conventional inerganic ferroelectrics. In

lar, the variants composed of globular, often cage-like molecules can
host attractive properties such as multiaxial ferroelectricity, Curie temper-
atures above room temperature, and orientationally disordered plastic
mesophases, in addition to supporting low-temperature synthesis. Here, we
present the resuls of a screening study of the Cambridge Structural Database
(CSD) leading to the discovery of 54 candidate ferroelectrics, including
molecular crystals and molecular salts, many of which are likely to host plastic

csp _1 S candid

Fotatable:

mesophases, along with 16 previously reported ferroclectrics. With over 12
million entries in the CSD, the screening procedure involved many steps, including considerations of 1

space group, and hydro

bonding pattern. Out of the candidate systems, many of them were identi

plastic mesophases due to their resemblance to highly symmetric closc-packed erystal structures. The s
clectronic band gaps were predicted by using density functional theory. Among the candidate &

2
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the most important questions are, which structures are already present in the €SD and how can they be
ifiec? Here. we present a cage mining methodology based on topological data analysis and
eambination of supervised and unsupervised learning that led to the derivation of — to the best of our
fedge — the first and only MOC dataset of 183 structures and the largest experimental OC dataset

7736 cages, as of March 2022. We illustrate the use of such datasets with a high-throughput
ing of MOCs and OCs for xenon/krypton separation, important gases in multiple industries,

luding hesltheare

roporous materials, metal-
cages (0Cs) are of particular

: Swift discovery of spin-crossover materials for their potential
tion in electronic and quantmum devices requires techniques that enable

Graph  Network

MOCs and OCs are diserete

into poly d-matri; * Choosing
berween 3 MOC and an OC depends on the requirements of the
application. For rnmplt the open metal sites available in
MOCs offer catalysis, wh 0Cs
provide an overall llghl‘f{ material

Like in MOFs and COFs, the modularity of MOCs and 0Cs
can lead to a large space of possible structures and has thus
attracted the attention of computational researchers. The two
intrinsic and extrinsic - add yet anather

determining either coordination number or rely on 3 like shape. When packed, types of porosities -
Fmoelecmc molecular crystals are potential alternatives to  globular molecules, ean also hat 2 grometey, sely rarbesa s s, v e e e R T end, we screened the Atome: e e el isable di ; h
conventional inorganie ferroelectrics. P These matesls con  mesophases.’**~" These phas ~ rade-of berveen accuracy and computations cont,which hinders o @ kealmol [21] and fo ifurcated. imer: Counbyidge Structursl Database to develop a specialized datsbase of 1439 materils Bonce] I e . Bvans et al. cstimated that using only
“plastic”, which can arise fro their application to the study of large structure data sets. Here, we [ 5). Various theophylline complex, with an interactic Vi . . there are two types of  small organic molecules as building blocks for cage-based
be synthesized with low-cost and low-energy methods such as T e Ry and computed spin-switching energies from density fanctional theory for each i & :
i interactions, and increased sym Propese MetalHawk (hitps://github.com /vrettasm /MetalHawk), — - 16 were sed o ﬂlldy avo [ . : (i) the molecule’s porous moleeular materials, there could be 10% potential
coprecipitation, slow evaporation, spin coating, and 3D o4 e ol s i i . =074 “Also, othes noncovaleat fnteractions Material- The datsbase was used to train an equivariant graph convolution neural ! -
printing ™' Furthermore, the abundance of available  slip planes! This subgroup of % MY L“" " 5‘"‘1 A o e tare : =l N wnolecules focrs the mmh;‘m:;,5,,';‘,@"“‘;,,‘!%“0"”“: network to predict the magnitude of the spin-conversion energy. A test mean candidates.* Inspired by the success of highthroughput
molecular species allows for tailoring of the properties of  plastic crystals, and the materials “:5' ron "““"“’" = ;:L""““EA';"N';“";':';" & =3 6 we observed an increase in the strength: absolute error was 360 meV. For candidate identification, we equipped the system _ sereenings (HTS) on estended porous mntrn-ls, several
molecular erystals while eliminating the need for scarce or toxie  contrast to. the rigidity and bri um"“shm"“k “',‘:“"'SE =p S e e f H [ when pyridine nitcogen is involved in & With a relevance-based classifier. This approach leads to a nearly 4fold M it the growing rescarch for  researct
clements. The ferroelectric molecular crystals can be formed  molecular erystals and inorganic « ¥~ Dmc‘”" [l‘;'mmu“s“‘)"wg e =] pyridine molecule mnmmam CrEzr @ n‘knn(ymg ,.mm.l spin-crossover systems of interest as of gas scparations, 4% to organic molesular ematerials, whether theis Pms.fy is
solely through van der Waals and/or hydrogen bonding, and rained model can be used to dassfy stes belonging to the of 230 keal/ * compa high-throughput screening. intrinsic and/or extrinsic. MeKeown et al. carried out a targeted

such systems are referred to as molecular crystals. Alternatively,
they ean also contain an additional ionic component
originating from charged molecular species, which are termed
ionic molecular erystals.

OF particular interest are (ionic) molecular crystals
consisting of globular molecules. Their globular shape reduces
the steric hindrance of rotational motion, making polarization
switching through rotation possible. In some materi
rotational switching can also oceur in combination with
displacive mechanisms.'® These materials can show rapi
switching with frequencies of up to 263 kHz.!*~** Moreover,
molecular rotations in response to an applied electric field or
mechanical force can result in large shear piezoclectric

Ferroclectric plastic_crystals
diageam, """ with multiple comp
the existence of plastic ferroel
exemplified by quinuclidinium p
ferroclectric phase with partial o1
advantage of these materials is
coercive fields. For instance, valu
have been reported for ¢
azabicyclo[2.2.1 Jheptanium perr
perthenate."™ These values a
BaTiO;, 2 well-known inorganic
erystals can also exhibit high Cu

common coordination numbers and geometry classes with balanced aceuracy equal to 96.51% for CSD-deposited metal sites. The

CSD-trained model was also found to be capable of classifying bioinorganic

‘metal sites from the MetalPDB database, with balanced

accuracy equal to 84.29% on the whale PDB data set and to 91.66% on manually reviewed sites in the PDB validation set. Morcover,
we report evidence that the output vectors of the CSD-trained model can be considered as a proxy indicator of metal-site distortians,

showing that these can be interpreted as a low-dimensional repre:
structures.

. INTRODUCTION
Machine Learning (ML) is & subfield of artificial intelligence

improving on 3 spedfic task for which they are not explicitly

sentation of subtle geometrical features present in metal site

‘biomolecules,'"'* for which seve
tools have been developed recently.

Ultimately, the goal of applying ML models to the study of
metal sites is to identify pattems in the data and make

specialized ML-based

forms a clasical hydrogen bond with wi

interaction is —1.38 keal/mol
i interaction with

forms stronger intera

.5 (D.B. Ninkowie), searicachen

jons then  mol [16].
In our previous studies we showed the

stronger elassical hydrogen bonds th

water interaction i
interactions s 2,30 keal,
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B INTRODUCTION

First transition row 3d* to 3d7 metal complexes may exhibit
reversible switching from a low-spin to a high-spin state."”
Unlike high-spin molecular magnets, for these types of
complexes, two dominant effects compete during the spin
conversion, namely, the electronic occupation of the d orbitals
according to Hund's rule, and the filling of the t, lowest
energy level. These mutually exclusive contributions result in
two passible ground states that are directly dependent on the
strength of the ligand field. More specifically, for strong ligand

coordination number, functional groups, size of the complex,
strength of the intra- and intermolecular interactions, etc.,
poses 2 major challenge to efficient large-scale screening for the
selection of promising materials auitable for specific
applications.

Development of machine leaming strategies for elucidating
the intricacies of the relationships between this vast material
space and the spin-splitting energy is an active area of
research.” """ Reference 34 highlights the complexity of such
endeavors. Additionally, because of limited reports of

et al. reported the prepara-
ing custom-designed rigid
5) that cannot enter

in 15-crown5 (6.7 umol
increased the solubility by
ean also be incorporated

@ fmparmen of leicl

‘structure scarch in the Cambridge Structural Database (CSD) to
identify promising organic microporous crystals for nitrogen
and hydrogen adsorption.” In particular, the authors were
looking for structures that might possess enhanced micropo-
rosity compared to existing examples of mictoporous erystals.
Thercfore, to narrow their search in the database, they looked
for structures (1) with densities lower than 0.9 ¢ cm~, as the
lowest density of any known microporous organic crystal was
0.96 g em™* for p-tert-butylealix[4]dihydroquinone after water
removal, (2) containing mostly aromatic rings as these play an
essential role in the structures’ stability (or shape pcmm::]
and (3)with i 104,

responses.® These types of molecular crystals can also ::Sd Jone 12,2023 progammed” ML has become mcreasingly previlent i Precietions sbout the properties of new meta) compounds " s i A i s S, e clectrons preferbly cocupy the s ot lesding P ““rd::',;l’;":“;‘]:’“; P:':“";.:z‘ nded up not inding vt B, ves stronger gas adsorption. for bydrogen mmg:
crystallize in pseudo high-symmetry structures, thus allowing Aot Oxtober 30, 2003 almost all aspects of scientific research, mainly thanks to the wpervised kmin;’; Ao ML ely on . to a low-spin state. Far weak ligand felds, the electrons occupy materials and availability of experimental data limits the extent wilabe. s pop;  Following this data sicving and after the climination of addi-

multiaxial polarization, with as many as 24 zqmv:]znt axes.”
* Multiaxial polarization allows the
1o be aligned i a desired direction n polyerystalline materials

Pubidhed: Novernber 14,2023

ability of ML models to learn patterns and relationships from
the training data, which makes them uniquely suited to tackle
complex problems.’™” The use of machine learning for the
study and discovery of new metal compounds is a growing area
of research that combines the power of machine learning
algorithms with the vast amount of data generated by
experimental studies" " Metal sites provide the structural
and chemical basis for a variety of activities and properties
displayed by molecular complexes, met teins, metsl
organic frameworks, and other metal-based compornds.

Most known catalysts generally contain metal ions as the heart
of their reactivity. Sxid reactivity is strongly dependent on
several site features ke metal and ligand identity, coordination

of molecular features for a number of structures as large as
possible. Manualinspection of the structures and annotation of

interest i . even for
databases of modest size, making the development of
automated methods for molecular property classification an
indispensable precondition for training more advanced ML
models devoted to specific applications.” " Among auto-
mated methods, ML-based algorithms have also been shown to
‘be a valid strategy to perform molecular property classification,
provided it is possible to assemble sufficient data for algorithm

Special Issue: Machine Learning in Bio-cheminfor-

the maximum number of orbitals, according to Hund's rule,
which results in a high-spin state. Interestingly, whenever the
strength of the ligand field and the electron pairing energy
share nearly the same order of magnitude, a small external
perturbation can overcome either effect and switch a metal
complex to a low- or high-spin state.” The attractive feature of
such reversible switching is its potential use in display devices,
mechanical actutors, high-density memary storage, optoslec-
tronics, sensing devices, or spintronics.

From 2 computational pers , these mates
challenge even to high lovel wave fonction thearies
are many considerations, one of which is that the accuracy
scale of these high-level theories is comparable to the typical

to which general trends can be identified and applied."* Asa
result, a compromise takes precedence, namely, to restrict data
to experimental observations’ or use results from high-
throughput computations.’*'* Refined learning from experi-
ments may be achieved by considering only specific families of
materials of interest, at the cost of losing transferability to
complexes of varying nature and of not being able to account
for unsuccessful candidate materials. Conversely, high-
throughput calculations of the spin-crossover energy with, for
example, the Kohn—Sham density functional theory, are
feasible. No general protocol exists, however, to select an

Royal Society of Chemistry

tional struetures with questionable data quality, 23 erganic and

Cham 521, 2022, 13,13507-13523 | 13507

number, coordination geometry, long-range interactions, and ™5 energy difference between the two spin states of approximately ~ Received: December 11, 2024 [
more sublle chemical properties. T||g same can be said for Received: June 8, 2023 10 k] mol ™, or about 100 meV. This difference, in turn, is Revised:  March 17, 2028
with additional arising from Revised: kp.m',h, 29, 2023 close to the accuracy scale of the electronic structure method Accaptack Marh. 2, 2025

the inclusion of metal centers in inmnunﬂy more complex  Accepted: Oclober 26, 2023 nf:'\mm e Published: Apal 1, 2025

systems as in the case of polypeptides and other Published: November 13, 2023 tom the synthesis perspective, the vast combinatorial
rhemucnl space engendered by the metallic core, ligands,
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A wealth of structures, stories and possibilities

CSD one million special issue Legacy and Future Impact of the
* 33 articles from industry and academia Cambridge Structural Database: A
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1 million structures. issue
stories. . . .
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The CSD - A wealth of knowledge gained from a million structures. CrystEngComm, 2020,22, 7131-77502 ‘ < I > ‘
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What we have learnt

v'Become familiar with the CSD.

v"Which subsets of the CSD are available, how to access them
iIn ConQuest, Mercury and the CSD Python API, and how they can help
yOu in your research.

v'How to visualise porous materials effectively in Mercury.
v'How to analyse pore space in your structures using Pore Analyser.

v About applications of the disorder visualization feature, including
recent advances and integrations with other functionality available in
Mercury.

v And more Mercury tips and tricks!
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How to: Explore molecules and create eye-
catching graphics with Mercury

. + Drag + Release

How to: Build and combine searches in
ConQuest
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