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Learning outcomes

dBecome familiar with the CSD

dHow to use Mercury for Particle Informatics studies. ‘_
dHow to use the Surface Analysis tool. : {7
dHow to calculate Full Interaction Maps on surfaces. .

dHow you can best use Mercury and CSD-Particle in your
workflows.

JAbout recent advances and improvements in CSD-Particle tools.

We will make the

recording available to you
in the next few days. !




We are recording today's

session and will make the

recording available to you
in the next few days

Agenda

e Show One: Introduction to the CSD, CSD-Particle and DarUcIe
INnformatics

« Show One: Case study by Prof. Elena Simone

« Show One: Surface Analysis using CSD-Particle

* Try One: Hands-on examples

* Explore More: Case studies, tips, quiz and summary
o Extra time: More time for hands on and Q&A

D



Number of structures in the CSD

The Cambridge Structural Database - .
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Small molecule organic
and metal-organic
structures
Every published structure
* Inc. ASAP & early view
« CSD Communications
* Patents
* University repositories
* Thesis
Every entry enriched and
annotated by experts

Discoverability of data and
knowledge

Sustainable for 60 years
A trusted CoreTrustSeal
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CSD Refcodes Tyl

What is JEKNOCIG?
e A CSD Refcode

® « A database reference code
: « Containing 6-8 characters
CSD Refcode - « Used to identify entries in the CSD
JEKNOCI6
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, CAUTAM, GLYCIN ‘ ‘ l N



Statistics in the CSD CSNG

colour label

Chemistry in the CSD

Number of structures containing certain chemical groups
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Of your recent structures, 87.5%
have color labels and 70.2% have
habit labels! This earned you
157,000 points. Check out how
many of your submitted structures
are your "favorite" colors!

Data collected using
the CSD Python API

and graphs created

with Flourish
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The CSD Portfolio o

CSDCore.

000 000060

Discovery. Materials. CSDParticle. Theory.
Design of new molecules Assessment of solid form Anticipate particle Generate solid form
stability and properties properties and behaviour landscapes

CSDEnNterprise.

%
. Deposit, publish, access and visualise structural data : ;
Community. 2P m
YT

Free functionality to share and learn from structures

Medicinal & Computational Chemists ¢ Crystallographers & Structural Biologists 4 Solid Form & Crystallisation
Scientists ¢ Functional Materials Scientists ¢ Educators ¢ Industry and Academia

L



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, and pai ware.

CSD licences are available for academic universities researcl itutions, government

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.

Academic CSD Licence Types Commercial I CSD Licence Types 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 View the standard CSD licence agreement. Note that this
free Mercury, or a full licence enables even more search and depending on your field. Specialist packages for data and may not match your own agreement. If you want a copy of
analysis tools. The full licence is provided at a heavy discount search, drug discovery, materials design, crystal structure your personal agreement, please contact us.

to all academic users. prediction, and particle / manufacturing analysis are

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

This table compares the commercial CSD licences available.

ccccccccccccccccccccc

httos/Mmwww.ccde.cam.ac.uk/solutions/csd-licence/

Supporting research: The CSD Bortfolio
enables bulk access to the CSD and large-
scale structural surveys to advance your
research. N s

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, as can refcode
lists but full datasets require permission.

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

support@ccdc.cam.ac.uk < ( I N


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
in the next few days

Agenda

« Show One: Introduction to the CSD, CSD-Particle and DarUcIe
INnformatics

« Show One: Case study by Prof. Elena Simone

« Show One: Surface Analysis using CSD-Particle

* Try One: Hands-on examples

* Explore More: Case studies, tips, quiz and summary
o Extra time: More time for hands on and Q&A

D



Why does particle shape matter?

* The shape of a particle can impact:

* Pharmaceutical solubility and stability.
« Packing behaviour.

Have you ever
wondered why
paracetamol
tablets are so large?

* Flowability. O
« Processing and manufacturing efficiency/ability. O

o CSD-Particle and data-driven design can
help to:

Paracetamol
« Anticipate manufacturing bottlenecks.
« Guide formulation decisions. 6 b

* Predict particle shape and properties.

D
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From solid form to particle properties -
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Analysing particle properties R
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«  Ongoing research projects into particle and surface phenomena are developing our
understanding of formulation and manufacturing processes.

« Application of rapid, informatics-based approaches to understand the link between
crystal structure and properties that influence downstream behaviour.

M. J. Bryant et al.,, Cryst. Growth Des. (2019),19, 9, 5258-5266. ISSN 1528-7483 ( < I N
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We are recording today's
session and will make the
recording available to you

in the next few days

Agenda

» Show One: Introduction to the CSD, CSD-Particle and Particle: '
Informatics Y

« Show One: Case study by Prof. Elena Simone

« Show One: Surface Analysis using CSD-Particle

* Try One: Hands-on examples

* Explore More: Case studies, tips, quiz and summary

o Extra time: More time for hands on and Q&A .
- ~ Prof. Elena Simone

Please add your questions for Politecnico di Torino
Prof. Simone in the chat and she
will answer either in writing or
verpbally during the hands-on part.

= / CCDC




We are recording today's

session and will make the

recording available to you
in the next few days

Agenda

« Show One: Introduction to the CSD, CSD-Particle and ParUcle
INnformatics

« Show One: Case study by Prof. Elena Simone

« Show One: Surface Analysis using CSD-Particle

* Try One: Hands-on examples

* Explore More: Case studies, tips, quiz and summary
o Extra time: More time for hands on and Q&A

D



Which surface to analyse? G

How do crystals grow? | oRefate i
hkl = to indicate direction of growth & .

* Depends on relative growth rates
* Rnu
« Faster growing faces are smaller
« Growth rates are dependent on
many things:
* Supersaturation
* Solvents
* Impurities




BFDH morphologies

* Simplest morphology model.
» Essentially based on unit cell.

« Point molecules.

« Growth rates inversely proportional
to distance between Miller planes.

* Layer-on-layer growth.
* Independent of growth
environment.

A. Bravais, Etudes Crystallographiques, Gauthier-Villars, Paris, (1866).

M.C. Friedel Bull. Soc. Franc. Miner. (1907), 9, 326-455.
J.D. Donnay, D. Harker, Amer. Min. (1937), 22, 446-467.

BFDH = Bravais-
Friedel-Donnay-Harker

D



VisualHabit

« Uses a range of simple forcefields to
calculate lattice, slice, and
attachment energies.

* Integrated into Mercury and
iINnterfaces with other tools in the
CSD-Particle suite.

* Developed through a collaboration 0
0|>
®

with the University of Leeds s
Innovate
UK

supported by a Knowledge Transfer
C. Clydesdale, R. Docherty, K. J. Roberts, Comput. Phys. Commun. 1991, 64 (2), 311-328.

Partnership.
Nttps//doi.org/10.1016/0010-4655(91190040-R



https://doi.org/10.1016/0010-4655(91)90040-R
https://doi.org/10.1016/0010-4655(91)90040-R
https://doi.org/10.1016/0010-4655(91)90040-R
https://doi.org/10.1016/0010-4655(91)90040-R
https://doi.org/10.1016/0010-4655(91)90040-R

Accessing morphologies in Mercury

@ AABHTZ (P-1) - Mercury

File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Materials CSD-Theory C5D-Particle CSD-Discovery CSD Python AP

| Clear Measurements @Q @? l:‘ Show Labels for | All atoms

Picking Mode: | Pick Atoms

Style: |Balland Stick ' Colour: | by Element or Suppression Manage Styles. ..

Display Options
Display
l:‘ Packing

D Asymmetric Unit

l:‘ Auto centre

Reset

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

Atom selections:

[ ] Short Contact
[ ]H-Bond

< (sum of vdW radii)
Default definition

Contacts...

More Info -

Powder...

o
— O X
Help
with | Atom Label
| Morphology BFDH...
Slip Planes.. VisualHabit.. n| |
S — - F X
Surface Analysis... Lﬂ o

Crystal Structures Spacegroup ()
AABHTZ P-1
AACANIT0  P21/c
AACANIT1 P21/c
AACFAZ Pben
AACFAZ10  Pben
AACMAL P21/c
AACMHX10  Pbca
AACRHA Pnem
AACRHC P-1
AACRUB Cc
AACRUBOT  C2/c
AADAMC P21/c
AADMPY P-1
AADMPY10  P-1
AADRIB P21
AAGAGGT0  P212121
AAGGAGT0 P21 v

Options

Show hydrogens l:‘ Depth cue
D Show cell axes I:‘ Z-Clipping

l:‘ Label atoms Stereo

<<

Tree View

=

l:‘ Multiple Structures

Structures...

G o

CCDC



BFDH Morphology

@ AABHTZ (P-1) - Mercury - O ®
File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Materials  CSD-TH 'CSD‘PH““:IE icovery  CSD Python APl Help

i ode: ik s i[5 [ Dismmise
‘ Style: | Ball and Stick~ Colour: | by Element v | ManageStyles... |Publication | © Atom

0/ Anmate... |’ Defauitview: [b ¥ a b c a* b* c*‘ = ox+ y- y+ - 7+ %€

Slip Planes...
Surface Analysis...

VisualHabit...

Crystal Structures )

AABHT|

ancan " Marphology

mewl  [] Show Morphology

AACRH .
AACRU)
vy Scale factor: 100 | [~] Auto scale

AADMI @Emwlhdllabels

1(0-11)) AADRI
AAGGH [~] Draw faces Colour | . ' 0.5
T e——
VO [] Fill morphology with molecules

C N

Learn more on
BFDH Morphology
In the Glossary in

the handout.

i

Dis Options

Display Optians.

[ show hydrogens  [] Depth cue
[ show cellaxes ] z-Clipping
[] Label atoms || stereo

Press the left mouse button and move the mouse to rotate the structure = ‘ ‘ I } ‘
-

[ acking [ Short Contact < (sum of vdW radii)
[ Asymmetric Unit |[] H-Bond User defined
[ Auto centre

i
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Accessing VisualHabit 7

/ -
@ AABHTZ (P-1) - Mercury = O % . * 71
File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Materials CsD-Theor Lal)-Particle |:wer_',r CSD Python APl Help ¥ g
Picking Mode: Fick Atoms | Clear Measurements @l@ BFDH £ L4 ‘ /b-»,
| Style:  Bal and Stick “ Colour: by Element v | Manage Styies... - o] *
E i H SIIP ths-. _
: D Animate... . Default view: b ~“  a b ca* b®* i x xt y- y+ 2!
Surface Analysis... E—— 5 x
1
AABHTZ ( .
‘ VisualHabit Morphology
Crystal Structures Spa b
AABHTZ P-1 Calculation Visualiser Synthons Surface A d
AACANIND P21
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AACFAZ Pbc Calculation Settings Lattice Energy Results
AACFAZID Phe _
(I O%1D) | . Y & \ ) AACMAL p21 Forcefield Dreiding 1T AABHTZ - Dreiding II results
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AACRHA Pnc Limiting Radius (Angstrom) 30 oata b
LAGREIS =] Electrostatic Energy
AACRUB Ce Electrostatic Correction
AACRUBDT C2/ van der Waals Energy
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AADMPY P-1 E A Hydrogen bonding energy
AADMPY10 P-1 -
AADRIE P21
AAGAGGTD P21
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AAMTCO P-1
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-] ||
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AAPUNI P21 18
AAPYPE P21 o _
AARBOX pai Limiting Radius (&)
AAXTHP P21
AAXTHPOT p21 Conve rgence Calculation Convergedy!
ey Ot s x o
Display Options cx
Packing Show hydrogens th
O (] short Contact < (sum of velW radii) Contacts... B B e view
() asymmesricuri: [ +-Bond Default definition (] showcetawes (] z<tping
(] uto centre AoEly [ tebelatoms | | stereo [ multpie Structures
Powder. . Structures...
Reset
Structure Mavigator Searches
Press the left mouse button and move the mouse to rotate the structure
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o
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)
@ Customise > ° &
© g 0
Available Items (Right-dlick for options) Selected Items (Right-click for options) * 3
- @ AaBUD Isomer ~ |dentifier e
Structure Information s
Source Literature Reference - ps A
Chemical Diagram... Current structure: | ABABUD Peptide Sequence Formula &
Classifiers Compound Mame
. v Crystal Synonym -
Atom List... Color Space Gro OABABUD - o
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Centroids List... . Formula Sensitivi R-Factor (%) 7.54
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Symmetry Operators List... Symmetry Atoms
- Synonym oK a Bonds Polyrmorph
Distances
Distances Lict... Angles Space Group Contacts Powder Study single crystal
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Close
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Surface Chemistry
Surface Analysis

Surface Roughness

Surface Charge C C DC



Surface Analysis G

M. J. Bryant et al,, Cryst. Growth Des. (2019), 19, 9, 5258-5266
Alexandru A. Moldovan and Andrew G. P. Maloney Crystal Growth & Design 2024 24 (10), 4160-4169



Surface Analysis

‘ H-bond acceptor
‘ Aromatic bond

‘ H-bond donor

Descriptors oS,

Physical Chemical L

Hydrogen Bond
Donor/Acceptor
Density

Reticular Surface
Area

Rugosit
J 4 Aromatic Bond

RMSD, Skewness,

_ Density
and Kurtosis

Statistically Derived Interaction Data

D



®

' Particle Informatlcs

Descriptors

Physical Chemical

Hydrogen Bond
Donor/Acceptor
Density

Reticular Surface
Area

Rugosity

RMSD, Skewness,
and Kurtosis

Aromatic Bond
Density

FIMs on Surface
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-Farticie — surrface Analysis B
o s
- o ® y @ o
. i ® @ Y
C5D-Particle | CiD-Discowe Sy » o
@ Surface Analysis... ACSALA X o \ by %
! Morphology L : ek .
| Slip Planes... , : 5 A y
| Surface Anaysis... s s
.
L = = : h: |[J E” ki |[J E” I: |2 E” o |U.UEJ E” [ Preview Slab o s 9 "
[] show Advanced Options
Full Interaction Map| [ Calculate Surface | .
Results - ACSALA (002)[0.00] ¢ °
Extra TIP: also launch directly from VisualHabit Density Info (count/A2)
> H-Bond Acceptors: 0.079 Aromatic Bonds: 0,159
@ VisualHabit Morphology X .
H-Bond Donors:  0.013 Unsatisfied H-Bond Donors: 0.013
Calculation  Visualiser ~ Synthons  Surface
Topology Info
ACSALA - Gavezzotti Surface Results (in ki mol”) Surface Area (B2): 637.558 Projected Area (B2): 301991
Form Offset Electrostatic Energy van der Waals Energy Hydrogen Bond Energy A * Rugosity: 2,111 RMSD: 2,273
(100) 0000 0.000 36905 0.000 3 Skewness: 0.052 Kurtosis: 1.729
(110 0571 0.000 -50.984 0.000 -6 Display Options
©11) 0000 0.000 74223 0.000 7
Surface colouring: |Atorn Properties d |
(11-1) 0520 0.000 74724 0.000 T
{10-2) -1585 0000 59711 0.000 -5 Opacity: (%) I
{111) 1000 0000 74179 0000 7 ] Periodic View [] Hide Molecules
(10-4) -1.126 0.000 -62.324 0.000 -6 Atom Properties
{102) 0000 0.000 -62.685 0.000 - [] Charge ] H-Bond Acceptors
(104) 0000 0.000 -75.454 0.000 T 5 [ Aromatic ] H-Bond Donors
< 2 [] Unsatisfied H-Bond Donors
Analyse Surface | Been
!

I
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-Particle — Surrace Ana YSIS ' °
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@ Surface Analysis... ACSALA X - 'y
. ; *
Analyse ¢ g 1
Select surface orientation (hkl) and offset (o) R i
h: |[J = | k: |[J = | I: |2 = | o |U.UEJ $| ] Preview Slab - a e
] show Advanced Options ®

Full Interaction Map | | Calculate Surface . .

Results - ACSALA (002)[0.00] ¢
Density Info {count/&z2)

H-Bond Acceptors: 0,079 Aromatic Bonds: 0,159
H-Bond Donors: 0.013 Unsatisfied H-Bond Donors: 0.013

: Results
opology Info

Surface Area (A2): 637.558 Projected Area (82): 301,991
Rugosity: Z.i11 RMSD: 2.273
Skewness: 0.052 Kurtosis: 1.729

Display Options

Surface colouring: Atom Properties o

Opacity: (%) I

] Periodic View [] Hide Maolecules
S Learn more about
[] charge H-Bond Acceptors
[] Aromatic [] H-Bond Donars these pa ra mete rS

Unsatisfied H-Bond Donors N the Glossa ry N

Reset Close the haﬂdOUt
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-Farticie — surrface Analysis : °
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@ Surface Analysis... ACSALA X - 'y
)t ) N
Analyse bt g 0
>
Select surface orientation (hkl) and offset (o) R
h: |[J E” k: |[J E” - |2 E” o: |U.UEJ E” [ Preview Slab ® o .
] show Advanced Options ®
|Fu|| Interaction Map| I Calculate Surface I . .
Results - ACSALA (002)[0.00] ¢,
Density Info {count/&z2)
H-Bond Acceptors: 0,079 Aromatic Bonds: 0,159
H-Bond Donors: 0.013 Unsatisfied H-Bond Donors: 0.013
Topology Info
Surface Area (A2): 637.558 Projected Area (82): 301,991
Rugaosity: 2111 RMSD: 2.273
Skewness: 0.052 Kurtogis: 1.729

Display Options

Surface colouring: |Atom Properties

Opadity: (%)

] Periodic View [] Hide Maolecules

Display Options

Atom Properties

[] charge H-Bond Acceptors
[] Aromatic H-Bond Donors
Unsatisfied H-Bond Donors




CSD-Particle -S

O Surface Analysis... ACSALA

Analyse

Select surface orientation (hkl) and offset (o)

h: |0 k: [0 I: |2 EI o: |0.00 EI [A preview slab

Show Advanced Options

Size of Surface:

Default values for the following settings have been optimised for small

molecule organic systems,

Probe Radius: m

Thickness (W) Factor

Results - ACSALA (002)[0.00]
Density Info (count/&2)

H-Bond Acceptors: 0.079
H-Bond Donors: 0,013

Topology Info

Surface Area (A2): 159.389

Rugosity: 2111

Skewness: 0.052
Display Options

Surface colouring:

Opacdity: (%)

[ Periodic View
Atom Properties
[ charge
|:| Aromatic

Grid Spacing:

|Fu|| Interaction Map| | Calculate Surface |

Aromatic Bonds: 0.155
Unsatisfied H-Bond Donors: 0.013

Projected Area (B2): 75.498

RMSD: 2.273
Kurtosis: 1.729
|#tom Properties ~ |

l [0 ]

[ Hide Malecules

H-Bond Acceptors
H-Bond Donors
Unsatisfied H-Bond Donars
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Advanced Options
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Full Interaction Maps (FIMs) p— i

FIMs in this

y free online
CSDU course

 Map interaction preferences
around complete molecules in a hydrogen-bond
crystal structure donor o

* Visualise observed atom-atom
contacts with respect to likely
geometries in 3D space

» |dentify interaction hot-spots
around chemical groups

* The maps are built from the
knowledge Iin the CSD by observing
the relative position of interacting hydrophobic
chemical groups interactions ¢

hydrogen-bond
acceptor

CCDC



FIMs Algorithm Learn 35008

FIMs in this
free online
CSDU course

Match and overlay
scatterplot for each

Wood P. A, et al CrystEngComm (2013) 15, 65-72.



FIMs on Surface

FIM Surface FIM on Surface

D



CSD-Particle - FIMs on Surface

CSD-Particle | CSD-Discovery

Merphology

Slip Planes...
Surface Analysis...

k

o

AR

o Surface Analy:

Analyse
Select surface orientation (hkl) and offset (o)

h:lﬁk:'ﬁl:m‘o:’m‘

Show Advanced Options

Size of Surface: U Vi

Default values for the following settings have been optimised for small
molecule organic systems.

Grid Spacing:
Thickness (W) Factor I

IFuII Interaction Mapl Calculate Surface

Results - ACSALA (002)[0.00]
Density Info (count/&2)

x

Preview Slab

Probe Radius:

H-Bond Acceptors: 0.079
H-Bond Doners:  0.013

Aromatic Bonds: 0.159
Unsatisfied H-Bond Donors: 0.013

Topology Info

surface Area (B3): 159,389 Projected Area (B2): 75.498

Rugosity: 2111 RMSD: 2,273

Skewness: 0.052 Kurtosis: 1.729
Display Options

|Atom Properties ~ |

l [0 ]

Surface colouring:

Opacity: (%)

[ Periodic View
Atom Properties
[ charge
[ Aromatic

[ Hide Molecules

H-Bond Acceptors
H-Bond Donars
Unsatisfied H-Bond Donors

bt °
»
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= *
° .
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* >
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-
. by “
Full Interaction Map
&
on Surface :
O Full Interaction Maps on Surface >
Options Maps Hotspots Log Files
Map Contour Levels
Probe Colour "

Display first contour with initial level of
Display second contour with inital level of

Display third contour with initial level of  |5.0 E

Hotspots
[ Generate hotspots in the map

Uncharged MH Nitrogen _

[] Charged NH Nitrogen
[] RMH2 Nitrogen

[ Alcohel Oxygen
Carbonyl Oxygen

[] Water Oxygen

[] Oxygen Atom

[] Methyl Carbon

Aromatic CH Carbon [

[] C-FFluerine

[ c-CI Chlerine

[ C-lladine hd
Calculate Surface Maps| |Clear Maps &Hotspois| |Load Maps... | |Sa\re Maps... | | Close |

D




Accessible from the CSD Python API

« All CSD-Particle functionality is in the CSD Python AP
« Carry out automated large-scale analysis

* Develop further methodologies utilising underlying Pe———

data. our CSD Python AP

) Our
= Libraries

in CSDU on-
demand course

Your Script

« Share your analysis via our code repository \f

https://github.com/ccdc-opensource/csd-python-api-scripts GitHub




[ ]
Mercury Overview !
»
2 :
@ AABHTZ (P-1) - Mercury — O X
File Edit Selection Display Calculate CSD-Community | CSD-Core CSD-Materials CSD-Theory CSD-Particle CSD-Discovery CSD Python API| Help
Picking Mode: | Pick Atoms » | Clear Measurements M W Show Labels for | All stoms with | Atom Label
Style: Ball and Stick ™ Colour: |by Element or Suppression ™ Manage Styles... |Work » Atom selections: bed
l:‘ Animate... Default view: b ~ | a b c a* b* * X- X+ y- y+ z- z+ %90 x490 yS90 y+90 z90 z+90 & = | T zoom- zoom+ | Selectby SMARTS:([d]
Structure Navigator g X
AABHTZ Fod
Crystal Structures Spacegroup N
AABHTZ P-1
AACANITO P21/c
AACANIT1 P21/c
AACFAZ Pbcn
M ercu ry AACFAZ10 Pbcn
. . . AACMAL P21/c
Vlsuallsatl.on 101 Dicol e | 4 AACMHXT0  Phea
w3e 1ISPlay - (- — AACRHA  Pncm
1 AACRHC P-1
options to Explore over
. . o AACRUB Cc
. AACRUBO1 c2
[— visualise and ' 1.3 million /e
this free online navi ate : Curated AADAMC P21/c
Gsbll colres 9 MOMRY -
structures structures
AADRIB P21
AAGAGG10 P212121
Display Options g X AAGGAG10 P21 v
Display Options
Lt e
[ packng [ ] Short Contact < (sum of vdW radii) Contacts... Show hydrogens || Depth e e v
l:‘ Asymmetric Unit l:‘ H—Bond Default deﬁnition |:| Show cell axes |:| Z-Clipping
l:‘ Auto centre More Info M |:| Label atoms Stereo l:‘ Multiple Structures
Reset Powder... Structures...

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




Lots of display and

analysis options!

Display

Styles » Wireframe : ®
Labels » Stick Show Labels for |Stereocentres W |wi’d1|5tereod1emist'y W
Colours 4 Ball and stick f
Show/Hide » Spacefill * 2
-

. Ellipsoid soms 2

More Information  * TN e * dee
Polyhedral Watch the E]

Symmetry Elements... —— video on *
Voids.. Stick settings...

creating

Ball and Stick settings... .
personalised :#

isplay Options Spacefill settings...

Manage Styles... Ellipsoid settings... Sty|eS @
View along ¢ Polyhedral settings...
Dial box... :
Contact settings...
v spl Calculate Measurement settings...
Too Centroids... L tod atnme
Planes...

Colour: |by Element or Suppression ~

Packing/Slicing...

Contacts... by Symmetry equivalence
by Atomic displacement
Molecular Shell... by Symmetry operation

p Y Include atoms !
l : .o i O thatkie Graph Sets... by Gast.mger charge
" 7 ® ... in molecules whose Centroids fit by partlal Eharge
' O ..in molecules where Any atom fits POWder Pattern'" bv Element or SqurESS|Dn

O ... in molecules where All stoms fit N eW S‘tl’u cture Oveﬂay 3
I (D ... in molecules which occupy Unigue supercell positions I
Molecule Overlay...
L




Lots of display and

analysis options!

Display Options
Display

l:‘ Packing

Asymmetric Unit
Auto centre

W Reset

Short Contact =< (sum of wdW radii)

Contacts...

| H-Bond

5 o More Info hd
Default definition I
Powder...
@ Define H-bonds
Select aptons and cick OK or Apply when done
] Reaure hycrogen atomto be present
DH...A ange >= 1200 S
Donor atom types: Acceptor atom types:
M7 alldonors A ‘ M [] altacceptors =
v [V] nitrogen w[V] nitrogen
metal bound N metal bound N
imine N terminal N (cyano, etc.)

aromatic (6-ring) N

matic (6-ring) N

Contact distance range

O Actualdstonce (@) vaw dstance

amide or thioamide N other 2-coordinate N

planar N 3-coordinate N

pyramidal N

2 ammosiven bids RN | | s cen V]
WARNING: atom types Y non-C;

Mnimum = sum of vdW radi |minus !s.oo

Maximum = sum of vW radi | plus V| oo

[V intermoecutar

Intramolecular: Donor and Acceptor separatedby > |3 ' |bonds

oo | e | e [ ]

Calculate

Centroids...

Planes...

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

Powder Pattern...

I Pore Analyser...

Structure Owverlay...

Molecule Overlay...

Display
Styles r
Labels L
Colours r
Show/Hide r
More Information L

Symmetry Elements...

Pick Atoms
Lasso Atoms
Expand Contacts
Toggle Labels
VO e 10

Measure Distances

Reveal Symmetry-Generated Molecules

Measure Angles
Measure Torsions

Voids...

~*  Splash screen

Display Options...

Manage Styles...

View along r

Dial box...

Toolbars k

Watch the
video on
using voids
and other
functionality
for porous
materials



Using your own file or fromtheweb - -

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

« Edit > Auto Edit Structure to assign pbond types
* File > Auto Edit Structure on Load to automate

& AABHTZ (P-1) - Mercury

File Edit Selection Display Calculate

I Open... Ctrl+O I
Recent Files >
Sketch Molecule... Ctrl4+K

Auto Edit Structure on Load

Save As... Ct
POV-Ray Image...

Print in 3D...

Exit Ctrl+Q

Edit Selection Display Calculate CSD-C

Undo: Packing off
Redo: Not Available

Copy Image to Clipboard

Edit Structure...

Auto Edit Manual Edit

Guess bond types
O All

(® Only bonds with unknown types

Auto Edit Structure...

Normalise Hydrogens...

Polymer Expansion...

Transform Molecules...

Change Spacegroup Setting...

Standardise to Cambridge Structural Database
conventions

Aromatic bonds
Delocalised Bonds

Add missing H atoms

Apply Close




Solvate Analyser

Calculation and display of the
space occupied by each of the
different solvent molecules

Easy selection of solvent
molecule(s)

Assessment of any hydrogen
bonding motifs to/from the
solvents

« Obtain reports

« Works with disorder feature
oroducing different results based
on the disorder group selected

& {
L)
CSD-Materials =~ CSD-Theory  (CSD- @ Schiate Analyser
Search 3 Solvent Selection and Space Callation | SolventH-Bonding  Structure Summary
Calculati v ISR RS SRS [0 ride o noecies | Pading... |
alculations
1 2 Settings
Polymarph Assessment  * Solvent ! g 3 Probe Radus: L &
Formula C2H3 CI0HBN2 Approx. Grid Spacing: A
Co-Crystal Design » Volume (%) 29 37 60 Caladate usng e [solvent Accessile Surface |
Volume (A®) 5431 6935 1397 Results
Full Interaction Maps... Show Space = e [ 126 %ofunitcel volume
Hydrogen Bond Statistics... »smmﬂt ] =} & i
Select Solvent  [] O a | Defauits
Hydrate Analyser...
2 s Inside Colour | ™ [ -
solte Anlse.. o, W] W] W]
Aromnatics Analyser... Outside Colour | ™ [m] -
] Outside Opacity ] LB LI
Conformer Generaticon... II'
DASH has moved [ Close




Lost toolbars?

@ AABHTZ (P-1) - Mercury — m X
File Edit Selection Display | Calculate CSD-Community CSD-Core CSD-Materials CSD-Theory CSD-Particle CSD-Discovery »
Picking Mode: | Pick Al Styles P lear Measurements @ p @} [ ] Show Labels for All atoms with »
Style: | Capped Sticks Labels b v Manage Styles... |MyStyle ~ | Atom selections: ~ |- Select by SMARTS: »
[ ] Animate... | ) , y-00 y+90 790 z+90 * Disorder:
Colours b » Display Options
Structure Navigator g X
i Graph 5et ‘
Show/Hide » rap 5 J =
P 5 Intermeolecular Potentials Crystal Structures Spacegr ™
Searches AABHTZ ~ P-1
AACANITO P21
Symmetry Elernents.., . /c
Post Search Options AACANITT P21/c
Voids... AACFAZ  Pbcn
s’ Structure Mavigator AACEAZ.. Pben
Display Opticns.., o AACMAL — P21/c
»"  Picking Toclbar AACMH... Pbca
Manage Styleslu AACRHA Pncm
»w" Labels AACRHC  P-1
. AACRUB Cc
View alon » Displ
2 B el AACRUB... C2/c
Dial box... w"  Style Manager Toolbar AADAMC P21/c
AADMPY  P-1
s’  Atom Selection Toolbar AADMP... P-1
Splash screen
AADRIB P21
Toolbars p ¥ Select by SMARTS AAGAG... P212121
w'  Animation Toclbar AAGGA... P21
AALCFE P21/c
. : v
Display Options »"  Crystal Orientation Operations e e 5
Display
i Alignment and Orientation Operations &= et
|:| Packing ! v 9 P
n g Short Contact < (sum of vd T T T . [« Tree view

Extra Tip
Click on the resize
icon or drag the top
to pop the toolbar
Out.

| I Structure Navigator

[o] «]]

Extra Tip

To pop the toolbar
back in drag it to the

area you want it.
o AABHTZ (P-1) - Mercury

Picking Mode: Pick Atoms
Style: Ball and Stick - Colour: by Element

Find |




C50-Materials

Graph Sets...

Powder Pattern...

0 Packing and Slicing

Packing

[ Show cell axes

Label cell axes

Ort »[00F] 0T
[0l (0]
c (00l [1oE]

Reset

Slicing

Include atoms

O ... that Fit

@) ... in molecules whose Centroids fit
03 O .
0.5 O ..

I () .. in molecules which occupy Unigue supercell positions I

New in 2025.1!

*

in molecules where Any atom fits

in molecules where All atoms fit

*

0.5

+

Display Options
Display

|| Packing__|
|:| Asymmetric Unit

|:| Auto cenfre

Reset T

Click on a red contact to see the whole molecule

Reset
button:
a friend!

|:| Short Contact < (sum of vd

H-Bond

y+ z- Z+ x-90

@ ALBHTZ (P-1) - Mercury
File Edit Selection Display = Calculate C50-Community CSD-Core
Picking Mode: Expand Contacts Centroids... rements || {1
Style:  Ball and Stick ~ Colour: Planes...
D Animate. .. DEfﬁuItuiEWI Pack"’]ngI":"']g I X+ y-
Contacts...
Molecular Shell...

Contacts...

More Info hd

Poweder...

C5D-Discovery 5D Python AP

g @ |:| Show Labels for | All atoms

Manage Styles... |Publication

R's Atom selections:

Xx+30 w90 y+590 z-90 z+90

Options
Show hydrogens I:‘ Depth cue

I W | Show cell axes II:' Z-Clipping
I:' Label atoms

Stereo

“ = J T Z00Mm+

with | Atom Label

- O
Select by SMARTS: »

Structure Mavigator g X
AABHTZ | ru
Crystal Structures My

ABRHTE 1

A AN A

AAL AMIT P21

ANLHAL Phbon

Al HE LTI "

A BASL P2

AL MHXTD  Phoa

AALHHA, P

ASCHHC #-1

AACRUE Ce

ASCRUBDYT  CAf

AADAMC P

AA DAY -1

AADMPYID P

AADRIE L

AAGAGGID P21 .

AAGGAGIO P21 W
L 4 >

<< >

Tree View

D Multiple Structures

Structures...




@ HXACAN (Pcab) - Mercury - O ot
File Edit Selection Display Calculate CSD-Community CSD-Core  CSD-Materials  C5D-Discovery  C5D Python APl Help X
Picking Mode: Expand Contacts VI Clear Measurements ‘[b p @} l:' Show Labels for |All atoms with | Atom Label
»
Style: Ball and Stick * Colour: by Element ~ Manage Styles... |Publication b Atom selections: R's P
|:| Animate. .. Default view: |b »lla b c a* b* c* ¥- X+ y- ¥+ z- z+ | x90 x+90 y80 y+490 z80 z+490 &« > 2l T zoom- zoom+ | Selectby SMARTS: »
® o
Structure Mavigator g X B
[
HXACAN Fd (|, T
& >
Crystal Structures e
@ Define H-bonds x s
Select options and didk OK or Apply when done
|:| Require hydrogen atom to be present
D-H...Aangle == 120.0 : degrees
°
Donor atom types: Acceptor atom types:
l:‘ all donors A~ Vl:‘ all acceptors ~
nitrogen v nitrogen
metal bound N metal bound N
imine N terminal M (cyano, etc.)
arematic (6-ring) N aromatic (G-ring) M
[ /] amide or th de other 2-coordinate N
3-coordinate N
unclassified M
RMH s [ 7] cvnen ~

C | i C k O n - D efa u | t assified properly for non-Cambridge Structural Database structures

definition” to

stance

-
Eptor separated by = bunds

w ] D

Display Options Cha nge the 3 o |5.DD
Display Options i
. — default H-bond b

ST _ D Shodt Contart o feurn of vd W oradud Contacts... L IR d f. PO
I:' Asymmetric UnitI H-Bond Default definition I:‘ Show cell axes I:‘ e I n It | O ﬂ
I:' Auto centre - More Info hd I:‘ Label atoms
Reset Powder... Default Cancel
Click on a red contact to see the whole molecule




@ HXACAN (Peab) - Mercury
File Edit Selection Display Calculate CSD-Community CSD-Core  CSD-Materials  C5D-Discovery  C5D Python APl Help
B —

Picking Mode: Expand Contacts | Clear Measurements {b g @? l:' Show Labels for |All atoms
Style: Ball and Stick * Colour: by Element ~ Manage Styles... |Publication b Atom selections:
|:| Animate. .. Default view: |b ~| a b ¢ a* b* c* X- X+ y- y+ z- Z+ %90 x+%0 y90 y+80 =z90

Left click on the
atoms at the end
of the dashed lines
(known as
hanging contacts)
to expand the
network

Display Options

Tip - Change H-bond thickness by

Display>Styles>Contact settings...

Click on a red contact to see the whole molecule

z+30

Selection

Styles

Colours
Labels

Show/Hide

Contacts

Delete this Molecule

Rotation Centre

|soStar Interactions Check...

Tip - Change H-bond colours by
Display>Colours>Contacts...
>colour by distance>All contacts

- O x
“ with  Atom Label R
& > | T zom- zoom+ = Selectby SMARTS: » y
Structure Mavigator g X ; =
R HXACAN
, Crystal Structures ng ht Cllck on
R hanging contacts
, Lo see more
advanced options
Expand All . .
J including delete
Expand Contac .
SN onging contacts
Expand Contacts from this Atom
2

Expand Contacts from this Molecule

Find Contacts from this Atom

Find Contacts from this Molecule

Delete Hanging Contacts

Delete Contact

Delete Contacts from this Atom
Delete Contacts from this Molecule

Delete this Molecule

JC

Reset Contacts



We will make the
recording available to you
in the next few days.

Agenda

« Show One: Introduction to the CSD, CSD-Particle and ParUcle
INnformatics

« Show One: Case study by Prof. Elena Simone

« Show One: Surface Analysis using CSD-Particle

* Try One: Hands-on examples

» Explore More: Case studies, tips, quiz and summary
o Extra time: More time for hands on and Q&A

After the session you can . REC

earn a completion
certificate for today by

taking our test. CCI )C




Using Surface Analysis with disordered '4 .8

StrUCtU reS (100) surface -«

Disorder; A< Al

* Visualise the different disorder
models

 Works in combination with other
functionality in Mercury

CSD refcode:
PYRZIN19

We learnt more about disorder in the previous Virtual Workshop!

R R

@




Calculating planes

Calculate

Centroids...

Planes...

Packing/Slicing...

Contacts...

CSD-Community

Molecular Shell...
Graph Sets...

Powder Pattern...

Pore Analyser...

Structure Overlay...

Molecule Overlay...

0 Planes

Pick an object from the list below, or in the
graphics window, or right-click on a list item

Edit...

Close

& Plane Properties

Mean plane hkl

Select at least three atoms to
calculate least squares plane:

Pick atom to select:

(®) Picked atom
() Picked molecule
(O Ring

Or select:

All

Non-hydrogen

"i‘ Hydrogen

Show

Mean plane hkl

Create Miller plane:

Miller indices

Label |'mean:

Transparent

Colour: | 1R

QK Cancel




Selectplane: | W (100) BFDH relative area: 0,181 v
® ® (100) BFDH relative area: 0.131 ~
BN (-100) BFDH relative area: 0,181
Bl (0-10) BFDH relative area: 0.159
O Packing and Slicing
Packing et Bl (101) BFDH relative area: 0.043
I (-11-1) BFDH relative area: 0.035
o Bl (1-11) BFDH relative area: 0.036 hd
icing
[+] Show slice
Select plane: |-(1uo} BFDH relative area: 0,181 v| [] Show plane

[+] show bounds

o Properties

$ Depth:

] =)
Area: I - [] Show
| ==) 000

Displacement: [ Label |BFDH relative area: 0,181

E Transparent

Colour: E




Features for effective visualization

FiIE- Edit Selection Display C:
Open...

Recent Files

Sketch Molecule...
SMILES to Molecule...
InChl to Molecule...

ChemDraw to Molecule...
Auto Edit Structure on Load

Save As

POV-Ray Image...
Print in 30...

» Create files for 3D print

Example of 3D
printed
structure of
CSD Refcode
SAHYIK

» Create high resolution

Images and frames for
video or gifs

O POV-Ray Image

Width (pixels)  |2500

| Height (pixels) 1500

Material Properties |Metallic
Background Transparent

Generate Animation Frames

@ 3D Printing

File Format

YRML (colour) w

Output Size (mm): ¥ wx 117dx 115 h

Scale (mm/A) 100

= | Thinnest cylinder (mm)]: 2,00

Plinth Thickness (&)

Column Radius (&)

Settings

Output Directory

Generate Support Framewerk

Srnallest sphere (mm): 6.00

|||!||||||||III|

Output saved as 'D:/3D_printing\ACEPOO.wrl’

D:/3D_printing Browse...

~ | File Format PNG

~ | Custom Color

Rotate around O X @ y O Z Number of Frames




Generating high quality images R

Width (pixels) 4000 | Height (pixels) [3000 . . e

L
Material Properties ‘Standard Mercury " File Format PNG ~

File > POV-Ray Imae
Change Resolution

Background ‘As Mercury *‘ Custom Color

|:| Generate Animation Frames

File Edit Selection Display (

Rotate around X y z
Clpen... C1_T|+D Number of Frames |30 Wldth — 4000 \
" b‘ . _ o
Recent Files il = 2000
Save As... Ctrl+S Preview Chaﬂge ‘Material

POV-Ray Image... é Properties’ to
Print in 3D... i ‘Metallic’

. Settings [} !
E}{It Ctrl * Q POV-Ray Executable }ovray—S.7.I}.I}fbinfpvengine.exe‘ Set B a C kg rO u m d to

{ !
Qutput Directory |C:stersfward ‘ T r a n S p a re n t
In order to run concurrent rendering or generate preview images p { : 1
ress Preview

whilst a render is running, it is necessary to enable multiple

instances of POV-Ray. To set this uncheck the "Keep Single
Instance” option in the "Options" menu within the POV-Ray user
interface.




Optimising display settings

| @ Surface Analysis... AHIHAC % Display  Calculate

| 1 Styles

ettt o it AHIHAC (O11)[0.00] — default settings - =

C5D-Community

4 if Clear
»

o Display Options

. °
o
»
e ¥ L) \a
s e
v
.
» v . D
.
-
4 - L ®
L3
) y
. ® & :
- -

Colours
b 0[Sk 1 1S oo00 3 O PreviewSlab | Show/Hide p——
| . F ;
8 Show Advanced Options Depth Cueing pioht 18 s b BT ol
Mare Informatio T Diffuse colour: | 0 Specular colour:
Size of Surface: U EE v ZE \gting 8 Enzbled et 1 ; 1
_— _— osition: x: v z
Default values for the following settings have been optimised Symmetry Eleme, 0
for small molecule organic systems, Voids. pping Ambient Light
" Box-Clipping o
Enabled Diffuse ambient colour: = HE
Probe Radius: 'I.?_E Grid Spacing: O.S’DE . .
Thickness (W) Factor I Z.OOE anage styles Defaults
. Close
Full Interaction Map  Calculate Surface View along
Dial box...
Results - AHIHAC (011)[0.00] T b h
. «  Splash screen | | I t
Density Info (count/A%) P u r n a | e n
Toolbars 4
H-Bond Acceptors: 0,077 Aromatic Bonds: 0.173

H-Bond Donors: 0.129 Unsatisfied H-Bond Donors: 0.113

Topology Info

Surface Area (A%): 4109.930 Projected Area (A%): 992.165

Rugosity: 4142 RMSD: 4,128
Skewness: -0.040 Kurtosis: 1.774
Display Options Display Options

Surface coleuring: Atom Properties

Surface colouring: Atom Properties

Opacity: (%) I 1DDE|_ Opacity: (%) I
Tt T e

Atom Properties

@ Charge [J H-Bond Acceptors
[ Aromatic [CJ H-Bond Doners
[ Unsatisfied H-Bond Donors

Reset Close

Surface opacity at 70%

light off

»




b °

A wealth of structures, stories and possibilities.

o

L
* .

CSD one million special issue Legacy and Future Impact of the - 3% ,
33 articles from industry and academia Cambridge Structural Database: A ,
. Tribute to Dr. Olga Kennard - special
1 million structures. issue i
stories. . . :
RITY « 29 articles from industry and academia
possibilities.
CrystEngComm o |
Database, CSD CRYSTAL GROWTH
&DESIGN
) s ]

The CSD - A wealth of knowledge gained from a million structures. CrystEngComm, 2020,22, 7131-77502 < < I > <
The CSD. C.R.Groom, I.J.Bruno, M.P.Lightfoot and S.C.Ward, Acta Cryst. (2016). B72, 171-179 DOI:10.1107/52052520616003954 .



More case studies

Solid Form
Informatics for
Pharmaceuticals
and Fine Chemicals

From Crystal
Structures
to Patients.

Discover

Interactive,
3D Chemistry
Teaching Resources

Increase understanding and engagement
when teaching university level students

Tags

g
Organic Crystallography
Organometallic Complexes
Organometallic Ligands
Partnerships

People

Pharmaceutical
Pharmaceutical Discoven
Pharmaceuticals
Pharmacophore

Pipeline Pilot

Polymorph

Poster

Science Communication

Science Stories

Scientific Research

SCXRD

Semiconductors

SMARTS

Smilas

Software

Solid Form

Solid Form Informatics
.

Unlocking Solid Form Innovation in CSD-Materials

Investigating Solid Form Stability: Understanding
Hydrogen Bond Propensity in Mercury

Blog CSD Landscape Generator. CSD-Theory Polymorph Solid Form Informatics

How to Generate a Solid Form Landscape without a
Crystal Structure with CSD Landscape Generator

Blog CSD-Materials Solid Form Informatics

How to Analyse Hydrc

Blog CSD-Materials Drug Development Matwall F

Matwall: materials knc
development to comr

1ase
1es



How to cite the tools seen today

- Surface Analysis

Surface Analysis—From Crystal Structures to Particle Properties
Alexandru A. Moldovan and Andrew G. P. Maloney

Cryst. Growth Des. 2024, 24,10, 4160-4169
https://doi.org/10.1021/acs.cgd.4c00259

Mercury . L . . .
Mercury 4.0: from visualization to analysis, design and prediction
C. F. Macrae, |. Sovago, S. J. Cottrell, P. T. A. Galek, P. McCabe, E.

Pidcock, M. Platings, G. P. Shields, J. S. Stevens, M. Towler and P. A

Wood, J. Appl. Cryst., 53, 226-235, 2020
[DOI:10.1107/S1600576719014092]

CSD
The Cambridge Structural Database

C.R.Groom, |I.J. Bruno, M. P. Lightfoot and S. C. Ward, Acta Cryst.
(2016). B72, 171-179
DOI:10.1107/S2052520616003954
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https://doi.org/10.1021/acs.cgd.4c00259
https://doi.org/10.1107/S1600576719014092
http://dx.doi.org/10.1107/S2052520616003954

What we have learnt

v Become familiar with the CSD

v'How to use Mercury for Particle Informatics studies.

v'How to use the Surface Analysis tool.

v'How to calculate Full Interaction Maps on surfaces.

v'How you can best use Mercury and CSD-Particle in your workflows.
v About recent advances and improvements in CSD-Particle tools.

.....

D



Want to explore more?

@ REC

https//Mwww.ccdc.cam.ac.uk/community/training-and-learning/

¢ o 3 -
r L] L] L] [ ] L ] )
Training and learning Self-guided Videos
s == = = Learn on demand workshops "
CcCDC P = i oS ] & H
g with free online p @ YouTube
Training and Learning @ training courses : Chanmel
‘C;\L(”:It‘e(' Workshop ) o
Completion certificate upon
. . How to: Explore molecules and create eye-
paSS|ng d ﬂnal teSt- catching graphics with Mercury
@ In-depth review of today's P
topics and more software. 2 [ +oreo+ rele
Cotmt -
. . . @ Wfﬂ' .\'.A.";“'y, .
» Covering use cases with guided ﬁ . ‘-‘?%sz:’_’/
examples. cep ' O cull =
° |ﬂC| Udiﬂg exam p|eS from tOd ay Python BaSiCS of Interaction How to: Build and combine searches in
as well as other CSD Software. API Mercury Maps et
. _J

CCDC



Want to explore more?

CCDC Virtual Workshops

« 4™ November - How to Use the Docking
Software GOLD to Perform Virtual
Screening Simulations

CCDC Webinars

« 13" November - Using general purpose
force fields in solid form studies

- 20t November, Panel — Frontiers in MOFs:
Creating Real-World Solutions with MOFs

Check our Events online for more
virtual and in person events.

Frontiers in

MOFs
 CCDC €9

Creating Real-World Solutions
with MOFs

Panel discussion with experts from
academia and industry.

20th November, 3pm GMT REGISTER
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