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The vision of the CSD

e Establis
oy Dr O

‘wﬂg Jw“

r "5— um ol

J.D. Bernal and research group including Olga Kennard at Stonehenge in 1948

ﬂed|n4965
ga Kenhard

e She and J.D. Bernal .,
had a vision that a
collective use of data
would lead to new
knowledge and
generate insights
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The vision

BERNAL'S VISION: FROM
DATA TO INSIGHT

by Dr Olga Kennard OBE FRS

THE J D BERNAL LECTURE 1995
delivered at
BIRKBECK COLLEGE, LONDON
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We clearly recognised even in those early days, that data banks have three

principal functions.
and make it readily available to the scientific community.

Firstly they must gather together existing knowiedge|

Secondly they

can be used to reduce a large number of observations to a small set of
constants and rules, and in this way transform a data base to a knowledge

base.

Such a knowledge base may obviate the need for further individual

experiments in specific areas.

Thirdly, they facilitate the comparison and
collective analysis of individual results to gain insight into new or as yet

unexplained phenomena.
of the Cambridge Crystallographic Data Centre and the

I'hese ideas have been at the heart of the work

driving force for

improving methods of data collection, storage and dissemination. Most
importantly they influenced development of computer programs and
methodologies which are needed for the analysis and transformation of the

accumulated information. (5)
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The Cambridge Structural Database (CSD) .

1.2 M

1 Million

0.8 M

06 M

0.4 M

0.2 M

Structures

An N-heterocycle published

produced by a
chalcogen-bonding

that year

>1,180,000
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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 over 55
years

A trusted CoreTrustSeal
repository
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Inside the Cambridge Structural Databa’é,,el ;.
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Organic Additional data
43% 57% Agrochemicals R KSRt 171,683 melting points

At least one transition metal, Pig ments L 4 909'992 CryStal colours

lanthanide, actinide or any of Al, .
Ga, In, Tl, Ge, Sn, Pb, Sb, Bi, Po Explosives 778,663 crystal shapes

Protein ligands : 3 24916 bioactivity details
11,387 natural source data
Metal-Organic > 250,000 oxidation states

Not Polymeric
899% Metal Organic Frameworks

Models for new catalysts & Links and subsets

Porous frameworks for gas storage d DrugBank

Fundamental chemical bonding 9 Druglike

. . MOFs
Single Multi PDB ligands
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Exploring the CSD

> 1 million structures
 >94M 3D coordinates

> 28 million bond lengths
« >2M unique distributions
> 40 million valence angles
« >3M unique distributions
> 14 million torsion angles
« >800K unigue distributions
> 2 million rings
* >400K unigue distributions
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Chemistry in the CSD

Number of structures containing certain chemical groups

Carboxyl 226

Hydroxyl 203

in

Cyano 55
Nitro 52
MOF 41

Amide 33

h 4
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
o 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1962 1984 1986 1988 1990 1952 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Images and graphics created using the CSD Python APl and Flourish ‘ < l N



A trusted and linked repository e

INChls for
Chemical
Structures

«@ DOls for

DataCite _.  Digital
> 2ore
Crossref Jec
- ORCID iDs for
ORClD Researchers

Wilkinson, M. D. et al. The FAIR Guiding Principles for scientific data management and

P ROYAL SOCIETY G F@@E B
= 4 ChemSpider
y.,!,,';.,,EX ' PPDB V. g
ELSEVIE
SPRINGER NATURE Pub@ hem
Schuleﬁgplnrer ..(:,'“3 PRO‘TEIN DATA BANK
@ RUGBANK
DATA SHOULD BE

Findable Interoperable
Accessible Reusable

BY HUMANS AND MACHINES

stewardship. Sci. Data 3160018 DOI: 10.1038/sdata.2016.18 (2016)



Experiment

_diffrn_ambient_temperature
_diffrn_radiation_type
_diffrn_radiation wavelength
_diffrn_radiation monochromator
_diffrn_measurement device type
_diffrn_measurement_method
_diffrn_detector_area_resol_mean
_diffrn_reflns_number

loop_

_atom_site tvpe symbol

_atom_site label

_atom_site_fract_x

_atom site fract y

_atom site fract z

>at\:mis ite U iso_or equiv
atom_site_adp_type

_atom_site calc_flag

_atom_site refinement flags

_atom_site occupancy

_atom_site symmetry multiplicity

_atom_site disorder assembly

_atom_site disorder_group
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graphite
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s1z
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Cl C11 0.23185(8) 0.78305(9) 0.55574(6) 0.02213(16) Uani & . 1 1 .

From experiment to knowledge et

N N1 0.8031(3) 0.6811(3) 0.5363(2) 0.0172(4) Uani d U 1 1 .
C €l 0.6836(4) 0.7867(6) 0.4357(2) 0.0224(5) Uani d U 11 .
€ €2 0.7510(S) 0.8922(5) 0.7083(3) 0.0256(6) Uani d U1 1 . .
€ C3 0.7409(4) 0.§944(4) 0.6644(3) 0.0187(5) Usni d U1 1 . .
C C4 0.8700(4) 0.5637(4) 0.7481(3) 0.0236(6) Uani d U 11 . _
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About you

Have you done any of the following before?
« Searched the CSD using ConQuest ST |
» Searched the CSD using Access Structures or WebCSD .
 Visualised or explored crystal structures with Mercury
- Collected and / or refined your own crystal structure
» Deposited a structure with the CCDC

Raise your hand up if you have

D



Deposition

» Data deposited pre-publication

« Enables links to data sets at the
point of publication

* Taillored deposition service

Small molecule single crystal data

Authors should present their crystal data in a CIF (Crystallographic Information File) format and deposit any organic
or organometallic structural information with the Cambridge Crystallographic Data Centre (CCDC) before they
submit their manuscript to us. Data will be held in the CCDC's confidential archive until publication of the article,
when data for organic and organometallic compounds will be entered into the Cambridge Structural Database.

Authors are encouraged to deposit inorganic crystal structures with the |CSD, hosted by FIZ Karlsruhe.

During submission of a manuscript to the Royal Society of Chemistry using our online submission system, authors

will be asked to provide CCDC reference numbers; CIFs should not be submitted with the manuscript (these should
have already been deposited with the CCDC/ICSD, see above). Any revised CIFs obtained subsequently should be
deposited directly with the CCDC before the revised manuscript is submitted to us. CCDC or ICSD numbers should

be included in the manuscript prior to submission. @

A

Countries contributingdata  *

@ 10,000 +

v @® 1,000-10,000

® 100-1,000
® 1-100

ACS PU bllC&tIOﬂS Search text. DOV, authors, etc Q

' Most Trusted. Most Cited. Most Read

Submitting X-ray Crystallographic Data

Authors are required to submit Crystallographic Information Files (CIFs), structure factor
tables, and CheckCIF reports for all new, unpublished organic, metal-organic, and inorganic
structures to the Cambridge Crystallographic Data Centre (CCDC) prior to manuscript
submission. Note that CIFs may be used for reviewing purposes, and significant delays in
the peer review process can occur if CIFs are not submitted in advance.

=



Deposition workflow G

Add Enhance

- Our deposition service aimsto  * Components include:

Mmake it easy for you to: - Identification of contributors ..
« Follow community » Use of standard formats & syntax checking
recommendations « Generation of validation report
* Provide reliable data and - Capture of publication, experimental and
metadata chemical metadata
« Deposit all organic, inorganic and -« Additional enrichment of data by CCDC or FIZ

metal-organic data « Ability to publish directly in the CSD or ICSD

D



Deposition

o P, b
3 Check Syntax > 4 Validation @ Add Publication @ Enhance Data @ Review © Submit
1 2
Validation b
{ View reports on the consistency and integrity of your structures
§
s Structure IUCr checkCIF @ % Unit cell check @
6
structured1.cif
&
! | data_| Enter Response
L
| structure(2.cif
&

data_sa2906c Enter

CheckCIF Res ponses ABANEY01 : 2-(1, 3-benzoxazol-2-yl)-1-phenylvinyl benzoate

Space Group: P21/n, Cell: a 10.0298(8)A b 13.2075(11)A ¢ 13.4578(11)A, & 90° 8 110.9676(11)° y 90°

Most likely a serious problem,
resolve or explain

Level A
PLAT027 _diffim_refins_theta_full value (100) LW ...... 13.50 Degree 3D viewer Chemical diagram
A potentially serious problem,

Level B . PLAT029 _diffrm_measured_fraction_theta_full value Low . 0.677 Note
consider carefully

Proc,

o
%‘<_<Oi©
Style Labels Packing Measure

Ball and Stick | [NoLabels | None None v View group symbols key

Check. Ensure it is not caused Level

Level C . )
by an omission or Over5|ght PLAT415 Short Inter D-H..H-X H1 .. H623 .. 2.00 Ang

General information/check it is
not something unexpected LEe

T ]
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i i ISSN 2631-9888
CSD Communications y
>
g p e o9 L e Q).
Small molecule crystal structure data published just through the Cambridge . A
. L] . . P . "7|- . .
Structural Database without a journal article o N
” i 7 : If you do not intend to publish your data in the scie CSD Communications growth
*** l' ' ' Ifl through the Cambridge Structural Database (CSD)
Recognition Discoverability | Ease please click the ‘Publish in a Database’ button beld
| Actablecoiandissn Automatic finking from ' Publish data through the CSD as a CS0D Communication. Inorganic data will 45,000
Nur :;‘J” \3'«':? % th rG-party repositones geposti C::“IL;’;":E'SS ang
s " Publish in a Database 40,000
e @ 35,000
i / [} N =
: B
i'i \ S 30000
Integrity Archive O 25000
u:ai; 3;'3 :nsfa:r:r::' oy Jf The CSD Communications archive contains all of the data publish ﬁ :
CJ»-Sc:i:;‘y ; (C3D) by the Cambridge Crystallographic Data Centre (CCDC) as = 20000
Communications). Select a year to view all C50 Communications E !
1k}
z
| ﬁ E/ q@ 2020 10,000
Security Impact
Fr-:-eI:r*::-tc:«*:ca‘_a r ca 2019 5:|:|'|:|'|:|'
2018
0
B S S S S S S
Year

https://www.ccdc.cam.ac.uk/Community/csd-communications/



Once deposited your data is curated - -

loop

_atom site discrder group

C11 C1 0.5533(2) 1.0007(7) 0.8131(17) 0.044(3) Uani 0.50 1 4 PFDU 2 1
51 5 0.5321(3) 0.82&0(8) 0.3322(3) 0.0327(11) Uani 0.50 1 4 FLU 2 1
C2 C 0.5525(4) 0.8502(%) 0.8184(%) 0.025(4) Uani 0.50 1 4 POU 2 1

€3 C 0.5286(7) 0.8174(18) 0.7440(7) 0.031(4) Uani 0.50 1 4 FDU A 1
H32 H 0.5350 0.8343 0.6771 0.037 Uiso 0.50 1 calc FR A 1

C4 C 0.45918(8) 0.7Z20(15%) 0.7783(8) 0.027(4) Uani 0.50 1 4 FDU A 1

C5 C 0.45900(&) 0.7171(14) 0_8773(3) 0.029(4) Uani 0.50 1 4 FDU A 1
Cl2 €1 0.3202¢2) 0.4582(e) 1.0830(5) 0.058€(15) Uani 0.50 1 4 FOU & 1
52 5 0.38755(15%) 0.e858(5) 0.38578(5) 0.0400(10) Uani 0.50 1 4 FOU & 1

atom site cale flag
atom site refinement flags
atom site disorder assembly

()

® -

o

An automated probabilistic .

atom site type symbol
atom site fract x

e approach using data in the CSD

atom site fract =

atom site U iso or_ equiwv <

atom site adp type
atom site ocoupancy
atom site symmetry multiplicity

P(B
P(B)

A) P(A)

Chemistry
assignment makes

P(A|B) =

data findable,
interoperable and
reusable

.JBruno, C.P.Shields, RTaylor, Acta Cryst. (2011). B67, 333-349 DOI: 101107/S0108768111024608 < < I ><



Using experts to ensure quality o e

« Each entry looked at by expert Scientific Editors \©\/@ ©\/©/

« Automation focuses editorial efforts | A

« Manual validation of automated chemical Ho o ‘ ’
iNnterpretations improves automated methods /©/\@ /@\@

https://www.ccdc.cam.ac.uk/Community/blog/CSD-data-curation-the-human-touch/ ( < | ><



Access Structures www.ccdc.cam.ac.uk/structures

« Access Structures allows you to search CSD and ICSD
« Everyindividual dataset is free to view and download

Simple Search Structure Search Unit Cell Search Formula Search

Space Group

POWWEF : catena-[(p-phenylphosphonato)-zimcyii)]

Space Group: P 2,/c (14), Cell: 3 14.3549(8)A b 5.1581(3)A ¢ 10.5471(6)A, a 90° £ 105.816(2)° y 90°
Simple text and numernic searching

Welcome to WebCSD. This service now includes the ability to search for inorganic structures through the 30 viewer Chemical diagram
CCDC's and FIZ Karlsruhe's joint Access Service using the Simple Search tab. Please use one or more of the
boxes to find entries. If you enter details in more than one field the search will try to find records containing all
the terms entered. More informatien and search help

(4]
H n
i H
Identifier|s) COC mber(s), CS0 Number(s 5D Refcode(s CSO mber OAWAT o
k .0“\\\.\.
Z “in
Compound e.qg o
name . N, \
3 Ph
3
Dol A single publication DOI, CSD DO or ICSD DO 5
In
Authors M. Agbahoungbata
Labels Packing Measure
Joumal e.g. Journa of the American Chemica el Stick | [No Labels ~ | [Mone - | [Mone Gwewgmupsymbuls key
Pllbllt:-ﬁfl'?'m ea 2] e Q L Additional details
details
Deposition Number 1951130
Databaseto (= Entire published collection O C3D (O ICSD (O Teaching subset Data Citation L. Falvello, P. Lotti, C. Massera, S.C. Taranting, M. Zema, H. Puschmann, M.Y. Agbahoungbata, J.

search Andreo, 5 A Sahadevan, A Bismuto, G. Banfant, 5 A S Bonou, C. Carraro, M.D. Zoiti, A. di Biase,

R. Fantini, |. Ferraboschi, J M.F. Custodio, M. Frigerio, G. Gallo, 5. Gjyli, M. Goudjil, F. Igoa, E.
+ Add New Search Field ~ Kahveci, M. Kalienko, 5. Lorenzen, L. Macera, J.J.M. Fajardo, E. Nushi, 5. Ouaatta, E. Parisi, L
Pasgqualetio, E. Pesko, G. Pierri, R. Pinalli, R. Poppe, A. Santoro, E. Smimova, 5. Sorbara, L. Tensi,
G. Tusha CCDC 1951130: Experimental Crystal Structure Determination, 2019,

Clear DON: 10.5517fccde.csd .cc23h8pm

Deposited on 03/09/2019



Finding structures Co N
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search
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Targeted collections

Easy access to the most
relevant structures

Benefit from our in-house
and external expertise

Convenient starting point for
analysis using CSD or 3@
party tools

A basis for your research and
crystal engineering

e
I, High 1, Electron
I | Pressure [ Diffraction

https//www.ccdc.cam.ac.uk/Community/blog/how-to-use-the-new-
electron-diffraction-polymorphs-hydrates-and-high-pressure-CSD-
subsets/

I Teaching




Visualising and exploring structures -~ -
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Why use Mercury to visualise strr

We can use Mercury to explore over 1.1 million structufes

* |t Is designed for visualisation and analysis of crystal structures — ad
hoc set of styles, colours and features.

* To gain new insights on your structures using knowledge in the CSD

» To create high-resolution images, high-resolution videos, and 3D print
files for publications, presentations, reports, thesis and videos




Analysing structures

@ AABHTZ(P-1) - Mercury
File Edit Selection Display
Ficking Mode: Pick Atoms
Styles|Polyhecral
01| anmate..._| efault vew: [b

Calelste C50-Communt| CSD-COME 50.Materls  CSD-Discovery 5D Python 491 Help

[T @ Launch WebCSD
< o oy Boment

v 2 b c " b @ Launch ConQuest

it aton Label

Conly ighlighting,

Data Analysis Module.
Mogul Geometry Check.

@ Launch Mogul
Mogul Settings..

IsoStar Interaction Check...
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IsoStar Setings..

Select Databases.
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Why analyse structural data? T

* To explore over 1.1 million structures and see
In 3D how molecules pack and the different
intermolecular interactions inside the
structures

« By understanding intermolecular interactions®
and crystal packing it can help us to design
new solids with desired physical and
chemical properties

* This is known as crystal engineering

* This can be particularly helpful when
exploring different polymorphic forms and ¢
can help us to better understand crystal
stability




The CSD software W
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The CCDC Portfolio

T,

« The CSD is at the heart of the CCDC Portfolio and prowdes the |
accurate structural data from which key insights can be extracted

« Over 1 million crystal structures.

* Many millions of geometric
parameters.

* Many millions of interactions.

* Over 10,000 polymorph families.

Nttps//pubs.acs.org/doi/abs/10.1021/acs.chemrev.9b00155



https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.9b00155

Freely available through CSD-Community
An automated tool for checking unit cells

against the CSD during data collection

Used to:

Match existing cell dimensions
Check sample is novel

Check crystal is not starting material or a by-
product

Ensure diffractometer time used effectively

Usually downloaded from instrument

Mmanufacturer

PRI D] [o 5]

— BEERHOD

® © -
¢ B
-
1 L3
& )
e 1
— T ——
O hanty >
Crystal . L]
D ol
o
., s 2
%ﬁ‘ i.f' wﬂ 2
Pt el <
§ - TS e
pu-‘.&m“m—n‘
T SEhT
..;' 't _.‘m' ‘m
LATTICE

Current cell (C5D: 8 hits)
5.9875(7) 9.0643(10) 18.426(2)
89.816(9) 89.937(9) 89.952(9)
vV = 1000.0(2)
Constrained cell
5.D865(7) 9.0548(3) 18.449(2)
90.0 90.0

30.0 -

== V = 1000.0(2) N o

S Symmetr AL

ymmetry . rysAlis

Laue class: 2/m2/m2/m P-lattice
oP; V=1000.U0; 599 9.U06 13.43; 38Y.8 89.9 90.U; Bhits)

Current cell

Lattice centering: o

’7 =5.0875(7) b =9.0643(10) c=18.426(2) V = 1000.0(2) alpha = 89.816(3) beta = 83.937(3) gamma = 83.952(3) ‘

Data sent to CSD

Lattice centering: of
( a=59875(7) b=9.0643(i0) c=18.426(2) V = 1000.0(2) alpha =89.816(3) beta =89.937(5) gamma = §9.952(9) ‘

CSDv5.31 | startsearch | b stopsearch | Toler.: 1.20% | options |
No. | Cell match | volume [ a [0 ¢ slpha | bet jamma
5 99.8% 989.9 5.96 9.03 18.39 90.0 90.0 90.0 C11H1002S1 P212121 MSULINO1

M5  99.7% 828 1833 .01 5.95 0.0 90.0 90.0
W1 99.5% 973.9 891 595 1845 90.0 90.0 90.0
M4 99.3% 885.5 9.17 5.86 18.34 200 9%0.0 90.0
M7 99.3% 959.0 5.85 8.93 1834 900 90.0 90.0

C11H100251 P212121 MSULIN 828
C12H1203 Pra21 978

ESQBJ
9 |

na: GINLEV X
CIHIN10251 P21jc MPYTPA 885.5
C11H100251 P212121 MSULINO2  959.0

3 99.2% 977.3 9.02 5.82 18.61 90.0 90.0 90.0 C4HBCI304... P212121 MHCEP... 977.3
2 99.1% 966.6 8.96 18.60 5.80 20.0 90.0 90.0 C4H8CI304... P212121 MHCEPO 966.6
[vls 98.9% 10649  6.17 9.27 18.63  90.0 90.1 90.0 C10HISN104 P21 XISVOL 1064.9 7
« L3
Searching completed. ‘
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EnClFer — CIF syntax checker

« Enables validation and preparation of ClIFs <
for deposition with journals & databases [Waasaw e

|
|
|
[
|
[
|
|
[
L . . ID#EI-OH&%%%%+= 3
« Allows CIF editing without corrupting =2 SBEA4HOC T &4 a |
_symmetry cell setting monoclinic } i;
Sy ﬂ t a X _symmetry_space_group_name_H-M P21l/c | > lhcx
| ) 6
. R . loop | : %:
« Data entry wizards enables addition of: | Jsvmetay_equiv pos_as xy: =t
r r | ) Acs
. . . '-x, y+1/2, —z+1/2" ) Ao
* Publication details ', -y, 2 l ===
W "=, -y-1/2, z-1/2" Hew o] [t o et coe [ teron e =
« chemical, physical & crystallographic _cell length_a 8.252 (2) M
. _cell length b 10.535(2)
oro perUeS “cell length c ; 19.923(4
_cell angle alpha 90.00
. . . _cell_angle_beta 99.17(3) >
* Visualises structures in a CIF “cell angle_gamma 90.00
_cell volume 1709.9(
. e, _cell formula units Z 4
o |_| n kS tO CC DC De pOS | t | O n _cell measurement temperature 150(2)
_cell measurement reflns used ?
_cell measurement theta min ?
7 enClFer Publication Data Wizard (el M8 encifer Chemical S Erystal Dot Wizard e measurement_theta_max :
Contact Information... (page 3 of 8) PhEE e S I T (520 T
Systematic name: 7|
- — ==
‘ Cuntactaddress; ‘ ISR 1os Total of 2
0§<3 Ogo Sum Formula:  C17H18N4 025 5 Ignored string 19.923(4)
P 5 D-antuan:a\ue should be a number : _cell_length_c Checking CIF ..
CthSiCE‘ Properties: - No Errnr!;, Warnings or rei
M Loading visualiser for block
amn 13 (File Modified)
Telephone number : Fax number :
[ < Back ] [ Next = ] [ Cancel ] [ < Back ] [ Next > ] [ Cancel ]

http://www.ccdc.cam.ac.uk/free_services/encifer/



CSD-Core overview

WebCSD: Online search &
entry level interface

Hermes: Visualisation of
macromolecules

Cambridge Structural
Database

CSD-Editor: Create
in-house database

CSD Python API: Access to
data & all functionality

IsoStar: Intermolecular
interaction analysis

Mogul: Molecular
geometry analysis




. Mogul: Molecular geometry

Mogul:

* Mines millions of chemically classified bond lengths, angles, torsion

angles and ring conformations in the CSD.

* Provides precise information on favourable molecular geometries.

 Runsin a few to ten seconds.

« Used by wwPDB for ligand validation.
Find out more

Applications: inthe CSD

o Validation of: session today
o Mmolecular geometries.

o docking solution.
o Generation of low energy conformations.
o Selection of linking groups.
o Rationalisation of inactivity.

Bruno |, et al. J Chem. Inf. Comput. 5ci. 2004, 44, 2155-2144. DO 10.1021/ci049780b

Value in query: 7.467A



https://doi.org/10.1021/ci049780b

’ IsoStar: Intermolecular interactions

£

L 2

|sostar:

« Experimental data from CSD and PDB protein-ligand complexes

* Interaction distributions displayed as scatterplots or contour surfaces

 Knowledge base used to generate Full Inter

n

Applications:

o How do particular groups typically inter

(e.g. do hydrogen-bonds to ether oxygen lie alone lone pairs?

o How do particular ligand groups interact withrparticular protein residues? @. §‘

(e.g. from a drug design perspective, how can we bind to a tryptophan?)

o What particular group can be a bioisostere for another particular group?

(e.g. do thiazole and oxazole form similar H-bond interactions?)

. J. Bruno, et al. J Comput-Aided Mol Des1997, 11, 525-557. DOI- 10.1023/A1007934413448.

CCDC


https://doi.org/10.1023/A:1007934413448.

CSD-Materials Overview

Co-crystals: explore potential
co-formers with molecular
complementarity

CSD-Materials

Understahd

Hydrate Analyser: understand
the effects of hydration on
your solid form.

Insights from CSD
— experimentally
derived.

your solid form.

Multi-component screening: based
on molecular complementarity.

Hydrogen Bond Statistics: assess
how (un)usual observed H-bonds
are to assess stability

Conformer Generator: explore
molecular geometry with
validation from the CSD.

D



Data inspired materials design RN
mMaterials informatics L \LAYS . \

solid form

properties

molecule particle product

« Structural knowledge used to inform key decisions.

* Integrated digital workflows to guide development and identify risks.

D



- o ik
® [ . ® < .
CSD-Discovery overview o
" & * . - 6
° ! { o i L '.T
L ".» n
CSD-CrossMiner: Interrogate the CSD and the PDB for e o
common interaction patterns
@
\ Ligand-based virtual screening workflow to find new hits.
. . CSD-Conformer Generator: Generation of molecular conformations.
CSD-Discovery.

CSD-Ligand Overlay: Flexible alignment of ligands.

. © EEmmE

D
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A wealth of structures, stories and possibilities.

-

CSD one million special issue
« 33 articles from industry and academia

1T million structures. ’ Y

stories.
b possibilities. ."
CrystEngComm

Cambridge Structural
Database, CSD

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 .



The whole is greater than the sum of its parts . '

CSD Insights CSD Applications

- Molecular geometries * Teaching S8

* Molecular interactions * Drug Desgn . O I '
* Materials Design o/

« Molecular assemblies

o ©
ﬂ .

« Structure Solution

* Energetic materials

* Paints, Pigments and Dyes
« Organic Semiconductors

* Nonlinear Optical Materials
» Catalysts

@ -
y‘:
¢ =
« Gas Storage and Separation

* Crystal Engineering i

https://doi.org/10.1021/acs.chemrev.9b00155 ( ( | > <




Using the CSD to develop new drugs &5

By combining experimental and informatics results, scientists can
have greater confidence in progressing a solid form in '
development

Mogul search-Bond ongle
w———————
|
s | i i
. I - !
t] |
3 |
|
1 £ e |-t —
6 N 2 5|
| ~~ 1|
) y L/, 5 |-
3 il
. ) |
% [ ; i i
|
- J S N
W0 s 10 ms w0 s 10 1 14

Read in GCeometry H bond pairing / H bond Packing
CIF check coordination propensity analysis

Mean H-Bond Co-ordination

CCDC, in having extensively worked with some of our closest
oharma partners, has seen first-hand the systems in current
development pipelines and the problems faced on a daily basis

N. Feeder et al., Pharm Pharmacology, 2015, 67, 857-868 DOI: 10.1111/jphp.12394 < < I N



More to explore...
To keep up to date with the latest news from education and outreach at the CCDC sign yp for the Education and Outreach Mewsletter here.
N

CCDC

Community

Blog

Deposit a Structure

Access Structures

CSD-Community

International Year of the Periodic Table
Awards and Sponsorship

FAIRE Programme

Collaborators and Partnerships
Initiatives

Training and Educational Resources

U Communications

Software Training

Self—Quided
Wworkshops

Information on the Teaching Subset

Access fun science activities for kids through the
CCDC Home leaming page

Arcess 3 series of teaching modules for use in the
classroom

a2l

On-demand
modules with
completion
certificate

CILER

DECOR: Educational Resgurces for Teaching
Crystallography

| Outreach B= U " D I

Explore the Periodic Table through Crystal Structures

Bound! a Protein-Drug matching card game
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The Cambridge Structural
Database - Learning from
one million crystal structures

llaria Gimondi Suzanna Ward

Education and Head of Data and
Outreach Officer Community

CRYSTALLOGRAPHIC SCHOOL

Igimondi@ccdc.cam.ac.uk
ward@ccdc.cam.ac.uk
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Agenda

* Introduction to the CSD

* Visualizing structures in the CSD
 Slides and follow-along demo

* Analysing the geometry of structures using Mogul
« Slides and follow-on along demo

* Analysing intermolecular interactions using FIMs
« Wrap up, quiz and summary

@O

CCDC




Learning outcomes for today N

»
L 2 4 *

 How to visualise and explore over a million crystal structures ! . ’
- What the Cambridge Structural Database is and how it can be used in your research . ; e
* How to visualise structures using Mercury SR

« How to explore the packing, symmetry and hydrogen bonded networks of structures

« How to analyse the geometries of structures using Mogul ¢

« Familiarise yourself with the basics of Mogul

« How to get more insights into your crystal structures and interpret results obtained from
Mogul
* How to use Mogul for CSD structures and new structure determinations

« How to analyse the interactions within a crystal structure
« Familiarise yourself with how Full Interaction Maps are generated and how to create them

* How to interpret results obtained from FIMs
 Why looking at interactions are important and how FIMs can be used in your research

D



What is a crystallographic database?

* They usually include:
» Bibliographic data
» Crystallographic, chemical and experimental information
« Atomic coordinates

 \WWhat makes a crystallographic data special?
« Standard agreed file format
« BEvery published structure is added to the appropriate database

* There are established curated databases rather than just collections of data
with some level of quality control through processing & validation

« They enable you to learn from the wealth of data they contain




What can you do with a database?

* Most importantly, when used effectively you can
derive structural insight from a database

* They provide insights and context around:

* Cell dimensions and space groups

* Intramolecular geometry & Intermolecular interactions

* Metal coordination geometry

« Supramolecular packing

=)

o Data: “a
S - tomato
S - isafruit

)
‘-«_ = £ SJ
s ‘ _»v.ws. " 4

n

Insight: “based on all
the fruit salads
observed, perhaps
you shouldn't put a
tomato in a fruit
salad!”

D



About you

1. Have you done any of the following before?
* Analysed molecular geometries using Mogul
* Analysed interactions using Full Interaction Maps

* Yes | have the full CSD
* Yes - but | have not activated my license

* Yes - but only the Teaching Subset and free Mercury
* NoO

2. Do you have the CSD portfolio installed?o




Agenda

* Introduction to the CSD

* VVisualizing structures in the CSD
 Slides and follow-along demo

* Analysing the geometry of structures using Mogul
« Slides and follow-on along demo

* Analysing intermolecular interactions using FIMs
« Wrap up, quiz and summary

@O

CCDC




The CSD Portfolio ]

Q
alh e < ® © .
Professional . * »
CSD s T - - = — — — — — — — = Services < \
CSDMaterials. =T
Tyt {
Research ° ’
& Knowledge i

DASH Python API

partnerships

|
I
I
I
|
. I
Discovery. CSDCore. |
I
SuperStar Python API WebCSD Mogul MyStructures | CS DCO MiMmun |ty.
I
GOLD CrossMiner I ConQuest IsoStar I Mercur enClIFer Symmetry Deposit
| I
Mercury | Melenry Hermas Python API I CellCheck Educational Access MyStructures
[ J

CCDC



Mercury - Structure visualisation

With Mercury you can:

* Explore over 1 million crystal
structures, molecular conformations,
crystallographic planes and
simulated morphologies

» Generate high quality structural
Images for effective scientific
communication

» Output model files for 3D printing

« Analyse geometries, interactions and
the packing inside structures

5000000



The basics of Mercury

@ AABHTZ (P-1) - Mercury

File Edit Selection Display Calculate C5D-Community C5D-Cere  C5D-Matenals
Picking Mode: | Pick Atoms ~ | Clear Measurements @p @} |:| Show Labels for | All atoms

Style: Balland Stick ™ Colour: | by Element or Suppression ™ Manage Styles... |Work b Atom selections:

l:‘ Animate. .. Default view: b b a b c a* b* & ®- ¥+ Y- y+ - I+

Display Options

Display

[ ] Pading [_] Short Contact < (sum of vdW radii)
[] Asymmetric uni [ ] H-Bond Default definition

l:‘ Auto centre

Reset

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

s

with | Atom Label

¥-90 X490 y-90 y490 z90 z+90 & = . T zoom- zoom+

Contacts...

More Info

Powder...

Options

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

|:| Label atoms Stereo

Select by SMARTS:

@

n
— O K
C5D-Discovery  C5D Python APl Help

[d
Structure Navigator & X
AABHTZ
Crystal Structures Spacegroup N

AABHTZ P-1

AACANITO0 P21/c

AACANIT1 P21/c

AACFAZ Pbcn

AACFAZ10 Pbcn

AACMAL P21/c

AACMHX10 Pbca

AACRHA Pncm

AACRHC P-1

AACRUB Cc

AACRUBO1 C2/c

AADAMC P21/c

AADMPY P-1

AADMPY10  P-1

AADRIB P21

AAGAGG10 P212121

AAGGAG10 P21 v

Lt e

Tree View

l:‘ Multiple Structures

Structures...




Right mouse click

Near a molecule

Selection

Styles

Colours
Labels
Show/Hide

Contacts

Delete this Molecule
Rotation Centre

IsoStar Interactions Check...

Measure
Clear Measurements

Packing

Selection
Styles
Colours
Labels
Show/Hide

Contacts
Picking Mode
View

Rotation Centre

New

Draw Backdrop

Display Options...

Ll

CCDC



File Edit Selection Display Calculate

CSD-Community CSD-System  CSD-Materials

Picking Mode: | Pick Atomr Styles [ 3 easurements@ f:) @3 [] Show Labels for All atoms
Style: | Capped Sticks = Manage Styles... Work - | - Atom selections:
: Labels
[] Animate... De b* ¢ | % w+ y y+ z- z+ %00 x+90 y-90 y+90
Colours L4 . :
»" Display Options
Show/Hide L4

Mare Information g

Graph Sets
Intermuolecular Potentials

Searches

Symmetry Elements...
) Post Search Options
Voids...
I »  Structure Mavigator
Display Options...
+»  Picking Toolbar
Manage Styles... -
»" Labels
Wiew along r
w"  Display
Dial box...
»"  Style Manager Toolbar
splash screen »/  Atom Selection Toolbar
Toolbars +/  Select by SMARTS
w"  Animation Toolbar
»  Crystal Orientation Cperations
ignment and Crientation Operations
v Alig t and Orientation Operat
Display Options
Display Options
[ Packing [] Short Contact < (sum of vdW radii) Contacts... Show hydrogens [_| Depth cue
[ ] Asymmetric Unit [] H-Bond Default definition R [ ] show cellaxes [ _] Z-Clipping
Auto centre Label atoms Stereo
L L
Powder...
Reset

CSD-Discovery CSD Python API

Help
with Atom Label

z-90 z+90 < =+ L T zoom- il

Select bx SMARTS: >

Structure Navigator g X

] Find
Crystal Structures Spacegroup ~
AABHTZ P41
AACANITO P21/c
AACANITT P21/c
AACFAZ Pbcn
AACFAZT0 Pbcn
AACMAL  P21/c
AACMHX10 Pbca
AACRHA  Pncm
AACRHC  P-1
AACRUB Cc
AACRUBOT C2/c
AADAMC  P2i/c
AADMPY  P-1
AADMPY10 P-1
AADRIB P21
AAGAGGT0 P212121
AAGGAGT0 P21
AALCFE P21/c
AALPRO P21/c
AAMAND  P212121
AAMTCO P
AAMTCO10 P-1
AAMTXP  P21/n
AANHOX  Pna2il
AANHOXO01 Pnalil
& x AANOPM P21
AAPUNI P21/a W
<< >>
Tree View

[] multiple Structures

Structures...

P

Handy tips:
« Recovering
Toolbars
* Resetting

view

CCDC



CSD Refcodes T

What is XOPCAJ?

wa'e « ACSD Refcode
, P \ g # A database reference code
= « Containing 6-8 characters

CSD Refcode - « Used to identify entries in the CSD
XOPCAJ

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 of my favourite refcodes are: KITTEN, BATMAN, DISNEY, CGAUTAM, GLYCIN ( :( :I )( :



Changing display - Style

Display Calculate CSD-Community CSD-System CSD-M

File Edit Selection Display Calculate C

_Picking Mode: Pick Atoms

Style:

Spacefill

. |E=:|I::|L

Styles 4 I Wireframe

Labels 4 Stick

Colours 4 Ball and stick

Show/Hide 4 Spacefill

More Information * Ellipsoid
Polyhedral

Symmetry Elements...

Voids Stick settings...

Display Options...
Manage Styles...

View along
Dial box...

v Splash screen

Toolbars

Ball and Stick settings...

Spacefill settings...
Ellipsoid settings...
Polyhedral settings...

Contact settings...

Measurement settings...

Selerted atnms

Animate...

r: by Element

ault view: b ~




] Packing and Slicing

Packing

Show cell axes
Label cell axes

Y
Y

Reset

+

0.5

Display Options
Display
[v/| Packing |
|:| Asymmetric Unit

|:| Auto cenfre

Reset T

C50-Materials

C5D-Discovery S0 Python AP

\[b Q @} I:‘ Show Labels for | All atoms

@ AABHTZ (P-1) - Mercury
File Edit Selection Display = Calculate C50-Community  C5D-Core
Picking Mode: Expand Contacts C EntrDidS... rements
Style: | Ball and Stick » Colour: PIEHES...

Animate. .. Default view . .. X+ y-
L] Packing/Slicing...

Contacts...
Molecular Shell...
Graph Sets...

ndude atoms

O ... that Fit
@ .« in molecules whose Centroids fit
O ... in molecules where Any atom fits

... in molecules where All atoms fit

Reset
button:
a friend!

|:| Short Contact < (sum of vd

H-Bond

Click on a red contact to see the whole molecule

Manage Styles... |Publication

¥+ - z+

Contacts...

Mare Info -

Poweder...

X-90 x+90 y-90 y+90 z-90 z+90

b Atom selections:

Options
Show hydrogens D Depth cue

I W | Show cell axes ID Z-Clipping
I:‘ Label atoms

Stereo

= = J T zoom+

with | Atom Label

- O
Select by SMARTS: »

Structure Mavigator g X
AABHTZ |
Crystal Structures ™

ABRHTE P

Al NI P

ARLANITT P

ANCEAL Phon

Al AT b

A BASL P

Al MHXTD  Phoa

ASLRHA P

ASCHHC P-1

AL e

AACRUBDT  Ca%

A8 DARMIC P

A LAY -1

AAMAPYID P

Al iRIH P

AAGAGID P22 .

AAGGAGIO P21 W
< >

<< =5

Tree View

|:| Multiple Structures

Structures...




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
e File > Auto Edit Structure on Load to automate

& AABHTZ (P-1) - Mercury

File Edit Selection Display Calculate

I Open... Ctrl+O I
Recent Files 4
Sketch Molecule... Ctrl+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 Ctrl+Z
Redo: Not Available Ctrl+Y
Copy Image to Clipboard Ctrl+C

Auto Edit Manual Edit

Guess bond types
O All

(® Only bonds with unknown types

Edit Structure...
Auto Edit Structure...

Normalise Hydrogens...

Polymer Expansion...

Transform Molecules...

Standardise to Cambridge Structural Database
conventions

Aromatic bonds
Delocalised Bonds

dd missing H atoms

Change Spacegroup Setting...

Apply Close




Generating high quality images R

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

kg
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... Ctrl‘l‘D Number of Frames 30 Wldth — 4000 L
Recent Files " o | Al = 2000 |
Save As... Ctrl+S Preview Chaﬂge ‘Material

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

. Settings 4 !
E}{It Ctrl * Q POV-Ray Executable }ovray—S.7.I}.I}fbinfpvengine.exe| Set B a C kg rO u n d tO

4 !
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 { : !
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.
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From visualization to deeper understanding .

By exploring 3D structures, we can gain a deeper understanding of

« Chemistry
« The geometry of molecules
* The geometry around metals

« Solid forms

« How molecules pack together
What voids and channels exist within a structure
What interactions help to stabilise the structure
How structures including polymorphic structures compare
The symmetry within a structure and different space groups




CSD Refcode:

NATJOH

Measure distances

0 NATJIOH (P21/n) - Mercury — |
File Edit Selection Display Calculate CSD-Community CSD-System CSD-Materials CSD-Discovery CSD Python APl Help
Picking Mode |Pi|:k Atoms ha ‘ Clear Measurements @ p @? [] Show Labels for All atoms with |Atom Label
Style: Capped "iCk Atoms Manage Styles... |Cards v | Atom selections: v Select by SMARTS:|[]
Lasso Atoms
[ ] Animate Expand Contacts ¢k X- X+ y- y+ z- z+ %90 x+90 y-90 y+90 z90 z+90 < - 4 1T zoom- Zzoom+

Toggle Labels
[ Move Labels
‘Measure Distances

Measure Angles

Measure Torsions

Reveal Symmetry-Generated Mlecules

Measure
Clear Measurements

Packing

Selection
Styles
Colours
Labels

Show/Hide

Contacts
Picking Mode
View

Rotation Centre

Mew

Draw Backdrop

Display Options...

@

o

Measure Distances
Measure Angles
Measure Torsions
Default Picking Mode

Clear Measurements




@ HXACAN (Pcab) - Mercury - O *
File Edit Selection Display Calculate CSD-Community  C5D-Core  CSD-Materials  CSD-Discovery  C5D Python APl Help 4
Picking Mode: Expand Contacts VI Clear Measurements ‘[b Q @} I:‘ Show Labels for | All atoms with | Atom Label
n
Style: Ball and Stick ~ Colour: by Element ~ Manage Styles... |Publication N Atom selections: s P
|:| Animate. .. Default view: |b »lla b c a* b* c* ¥- X+ y- y+ z- Z+  ¥90 x+90 y-90 y+90 z-90 z+90 < > ) T zoom- =zoom+ | Selectby SMARTS: »
® °
Structure Mavigator g X .
HXACAN od ;
Fin ® s
) >
Crystal Structures ™
@ Define H-bonds X .
Select options and dick OK or Apply when done
l:‘ Require hydrogen atom to be present
D-H...Aangle == 120.0 : degrees
o
Donor atom types: Acceptor atom types:
l:‘ all donors ~ Vl:‘ all acceptors ~
v nitragen V nitrogen
metal bound N metal bound N
imine N terminal M (cyano, etc.)
arematic (6-ring) N arematic (G-ring) N
[ /] aide o th de other 2-coordinate N
3-coordinate M
unclassified M
BRIH s [ 7] nvunen R

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

definition” to

stance

re
Eptor separated by > bonds

w ]

Display Options Cha nge the s |5.oo
- )
= — default H-bond &
D Packjng _ D Short Contact e (eur of v W o radu’ Contacts... Show hydrogens d f. o .
|:| Asymmetric UnitI H-Bond Default definition I:‘ Show cell axes I:‘ e | n |t | O n
|:| Auto centre - More Info hd I:‘ Label atoms
Reset Fowder... Default Cancel
Click on a red contact to see the whole molecule




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

Picking Mode: Expand Contacts | Clear Measurements {b Q @? I:‘ Show Labels for | All atoms
Style: Ball and Stick ~ Colour: by Element ~ Manage Styles... |Publication h's Atom selections:
|:| Animate. .. Default view: |b »lla b c a* b* c* - X+ y- ¥+ zZ- Z+  x90 x+90 y-90 y+90 z-90

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

|so5tar Interactions Check...

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

- O >
“ with Atom Label \
& > | T zom- zom+ = Selectby SMARTS: » 3
Structure Mavigator g X s .
X HXACAN
, Crystal Structures ng ht Cllck on
R hanging contacts
, Lo see more
advanced options
Expand All . .
X iIncluding delete
Expand Contact .
S Nonging contacts
Expand Contacts from this Atomn
2

Expand Contacts from this Melecule

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



Graph Sets

Calculate  C5D-Community
Centroids...

Planes...

Packing/Slicing...
Contacts...
Maolecular Shell...

Graph Sets...

Powder Pattern...

Craph Sets describe the

H-bonds pattern.

 M.C.Etter, Acc. Chem. Res., 23,120, 1990.

¢ JBernstein, R.E.Davis, L.Shimoni, N.-L.
Chang, Angew. Chem. Int. Ed., 34, 1555,
1995,

- W.D.S.Motherwell, GC.P.Shields and
F.H.Allen, Acta. Cryst. B56, 466, 2000.

@ HXACAN (Peab) - Mercury - O *
Eile Edit Selection Display Calculate CSD-Community C5D-Core  CSD-Materials  CSD-Discovery  C5D Python API Help

Picking Mode: Expand Contacts ~ | Clear Measurements @ Q @? |:| Shaw Labels for | All atoms with *?
Style: Ball and Stick ~ Colour: by Element A Manage Styles... |Publication h's Atom selections: b

[] Animate... Default view: b ~ | ab c a® b & x x+ y y+ z z+  x90 x+90 y90 y+80 Select by SMARTS: =

Graph Sets

_ A
descriptor level

pericd  # molecules

C1,1(7) a 1
C11(%) b 1
C2.2(6) =a=h 2
C2.2(168) =a<hb 2
C4.4(22) »a»b=a<b 2
R4 4(22) »a»b<a>b 2
R6.6(36) »a=a»b<a<a=<h 2
R66(40) »a=b>b<a>b>b 2

=T = T N S R
(= T = TN S I, T K I K (N 8

<

Click through the

graph set descriptors

Display Options
Display

l:' Packing

I:‘ Asymmetric Unit

l:' Auto cenfre

I:' Short Contact < (sum of vdW radii)
H-Bond Default definition

Reset

to see the different H-

Options

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

|:| Label atoms Stereo

bond patterns

Contacts...
Maore Info -

Powder...

Click on a red contact to see the whole molecule




Analysing voids helps
us better understand

Empty space visualisation the nature of porous

materials which can be
used in sorption, in

Display Calculate CSD-Community

. Styles WEET  catalysis, separations
| Labels A and as sensors.
; Colours 4 c a* |

Show/Hide 4
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 Radius to find smaller spaces. Decrease the Grid
Spacing to create smoother surfaces. To see voids in more than
Symmetry- Elements... one unit cell, use the Packing/Slicing dialog to turn on packing
and increase the ranges along a, b and c.

-

More Information

Voids...
Display Options... Show
Manage Styles... Probe Radius: 1.2 | R
) Approx. Grid Spacing: ||}_7 | A
View along ’
Calculate using the |Contact Surface - |
Dial box...
Display Options
v Splash screen
P Qutside Colour: 1
4
Toolbars Inside Colour: & B 1
Results

CSD Refcode: SAHYIK e | et
(MOF5)

Defaults ‘ ‘ OK ‘ ‘ Apply ‘ | Cancel




Exploring symmetry b

o P .
File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Materials CSD-Discovery CSD Python APl Help CS D Refcod e ¥
o
Picking Mode: Move Labels ~ | Clear Measurements : ‘ > % D Show Labels for Al atoms with o HXACAN 5 - y

Style: Ball and Stick vICoIour: by Symmetry operation b Manage Styles... |Publication N Atom selections: L e o
" ! £ ph* o= L > .
D Animate. .. Default view: b “|la b c a* b* C ¥ X+ y- y+ z- z+  x-90 %490 y-90 y+90 z-90 Select by SMARTS: . °
B
@ HxaCAN — |
Current structure: | HXACAN
Customise... Click on a column heading to sort rows.
Save...
Structure
M Ab 5 o] Descripti Detailed Descripti Ord T
Tere umber ymm. Op. escription etailed Description rder pe
1 1 xyz Identity Identity 1 1
Atoms 2 i 2 -x,1/2-y,1/2+z Screw axis (2-fold) 2-fold screw axis with direction [0, 0, 1] at @, 1/4, z with screw component [0, 0, 1/2] 2 2
Bonds E 3 1/2+x,-y,1/2-z Screw axis (2-fold) 2-fold screw axis with direction [1, 0, 0] atx, 0, 1/4 with screw compenent [1/2,0,0] 2 2
e — 4 A 4 1/2-x,1/2+y,-z Screw axis (2-fold) 2-fold screw axis with direction [0, 1, 0] at 1/4, y, 0 with screw component [0, 1/2,0] 2 2
5 5 -%-y-z Inversion centre  Inversion at [0, 0, 0] 2 -1
Centroids . . . . . R . .
6 H 6 x1/2+y1/2-z Glide plane Glide plane perpendicular to [0, 0, 1] with glide component [0, 1/2, 0] 2 -2
Flanes 7l T 1/2-x,y1/2+z  Glide plane Glide plane perpendicular to [1, 0, 0] with glide component [0, 0, 1/2] 2 -2
g 8 1/2+x,1/2-yz Glide plane Glide plane perpendicular to [0, 1, 0] with glide component [1/2, 0, 0] 2 -2
All Angles
Display Options Al Torsions
Display

Close

[ ] short Contact < (sum of vdW radi) Contacts...

a Show cell axes I:‘ Z-Clipping

Asymmerie Ut [ ] H-Bond Defautt definition
I:l Auto centre I:l Label atoms Stereo

CCDC




@ HXACAN (Pcab) - Mercury — O X
TO ShOW Or remove File Edit Selection | Display Calculate C5D-Community C5D-Core  CSD-Materials  C5D-Discovery  C5D Python APl Help
Sym metry elements Picking Mode: Mo Styles > » | Clear Measurements {b p [% |:| Shaow Labels for | All atoms with =
Style: Ball and Stick eration R Manage Styles... | Publication R Atom selections: R
Labels g
& sym ents * - y |2 b ¢ a b* c* X- X+ y- y+ z- z+  x90 x+90 y-90 y+90 290 ” Select by SMARTS: »
clours
Show Symmetry Elements Show/Hide 9

Show Inversions
| Show Colour Size '

Mare Information g

Symmetry Elemnents...
Voids...
Show Axes
Show proper rotation axes Display Options...
Show screw axes Show arrows Manage Styles...
Show rotoinversion axes
View along r
2-fold  Colour | N 3-fold  Colour
Dial box...
4-fold Colour | 6-fold Colour | N 12l box
Show Glide & Mirror Planes s Splash screen
Show mirrars Colour l 0.68 Toolbars »
Show dlides Colour | N ' 0.17 Options
+'| Show hyd Depth
[ ] shadous | ] short Contact < (sum of vdW radi) Contacts... onhydrogens || penth cue
[ ] H-Bond Default definition showcel axes || 2-Clipping
Defaults oK More Info hd |:| Label atoms Stereo
Powder. ..
Reset




Follow along Mercury Demo

Visualisation options in Mercury
We will:

- Navigate the interface. it
* Apply different styles and colours. Yy
* Visualise packing.

* Visualise symmmetry elements. e J
PORTOG

BARBADO9



Agenda

* Introduction to the CSD

* Visualizing structures in the CSD
 Slides and follow-along demo

* Analysing the geometry of structures using Mogul
« Slides and follow-on along demo

* Analysing intermolecular interactions using FIMs
« Wrap up, quiz and summary

@O

CCDC




Why analyse structural data?

« We can use Mercury to explore over 1.1 million structures and see in-3D-
how molecules pack together and the different intermolecular
Interactions inside the structures

* By understanding intermolecular interactions and crystal packing it can

help us to design new solids with desired physical and chemical
properties

» Crystal engineering

* This can be particularly helpful when exploring different polymorphic
forms and can help us to better understand crystal stability

CCDC



A solid form landscape
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Exploring contacts and exploring chocolate |

* Hydrogen bonds and short contacts can help to stabilise aﬁcryéta{ |
structure e

» Different polymorphs with different bonding networks often
exhibit different properties

*




A real-life example.....

Can structural knowledge mitigate risk?

Manufacturing problems hit
Abbott’s HIV drug ritonavir

-l ~J NN %

AN

Lt X

wach)
Containg 336 Capsuies (4 pocties of 84 capsules

C;\psulcs of Abbott Labora-
torics’ protease inhibitor
Norvir (ritonavir) are likely to
become unavailable by the
middle of August. The compa-
ny has a problem with the man-
ufacture  of the anti-HIV
capsules which it cannot re-
solve at present.

D |ﬁce rent ‘ D |ﬁce rent so | U b | | |ty Capsules unlikely to be available from mid-August
. . . . The problem relates to “undesirable”  ples from a numoer of marketed batches of
| ﬂte ra CtIO NS D ”C]ce re ﬂt Sta b| | |ty crvstal formation. Abbott says that a series  capsules were examined and there was no

Bauer et al. Pharm. Res,, (2001) 859, DOI:10.1039/B910882C < < l N




Structural Informatlcs
Which is the stable wall?

Aguas Livres
Agueduct c.173]

Castelo
de Sao
Jorge it

. _!,-;:?




Structural Informatics G
Which is the stable wall?

Great PR —
Pyramid . N
= | of Giza -

CCDC = i R W Hadrian's Wall
C.1992 ’ s BRI g | c.122

@

Great

Wall

. b of China
e C.1368

oo Lmams | The database of walls indicates that
House EE_— 2= ] :
c1967 e sl A IS the frequently observed
i arrangement and therefore we can

oredict it is the most stable form — CC DC




Predicting unlikely interactions G

Predictive analytics is used to identify the likelihood of specific molecular interactions |,
occurring from similar crystal structures

Ureido
Carbamate

S
Thiazoyl A (0]
s JL ',I,' N.f Thiazoyl B

_<

o ] s
Hydroxy / ids S
Form |l 32% /" 409

Ureido
Carbamat

Thiazoyl A o j\
s JL ',:,' N.f Thiazoyl B

- g N
L D@ ™

_<

Hydroxyl s

Galek et al, CrystEngComm, (2009), 11, 2634 - 2639

The integration of solid-form informatics into
solid-form selection

Neil Feeder?, Elna Pidcock?, Anthony M. Reilly?, Ghazala Sadig?, Cheryl L. Doherty®, Kevin R. Back®,
Paul Meenan® and Robert Docherty®

One in half a million: a solid form informatics study of a pharmaceutical
crystal structure

Peter T A Galek,*@ Elna Pidcock® Peter A Wood,® lan J. Bruno® and Colin R. Groom?®

Navigating the Solid Form Landscape with Structural Informatics
Peter T. A. Galek, Elna Pidcock, Peter A. Wood, MNeil Feeder, Frank H. Allen

Book Editor(s): Yuriy A. Abramov

Knowledge-based H-bond prediction to aid experimental polymorph
screening

Peter T A. Galek*3 Frank H. Allen,® L&szI6 Fabian®® and Meil Feeder©

CCDC



The CSD software

CSD

Discovery.

©

SuperStar

©

GOLD

Mercury

Python API

CrossMiner

CSDMaterials.

00

DASH Python API Mercury

CSDCore.

© 0 0

WebCSD Mogul MyStructures

@ 0O

ConQuest CSD IsoStar

O O

Mercury Hermes Python API

ald & « © °
Professional .
Services

iii ) 3

Research . - ?
& Knowledge
partnerships X
CSDCommunity.
Mercury enClIFer Symmetry Deposit
CellCheck Educational Access MyStructures

CCDC



Characteristics that influence stability

Hydrogen Bond
Donor/Acceptor Pairing

‘Non-Hydrogen Bond'
Intermolecular
INnteractions

Molecular /

Conformation

Hydrogen Bond
Geometry, Symmetry

and Motif CCDC

We can mine the CSD to identify
these intra and intermolecular
geometric preferences.



o

oo . O..‘ .
- o {
&
o

CSD-Core - Conformations Lt

« Mogul provides precise information on
oreferred molecular geometries

« Validate molecular geometries rapidly
using interactive plots & statistics

* |[dentify any unusual features of a given
query structure

« Mine millions of chemically classified
obond lengths, angles, torsion angles and
ring conformations in the CSD

®
Termor, arght /*

O
O
v,
O

Bruno et al, J. Chem. Inf. Comput. Sci., 44, 2133-2144, 2004



Using Mogul to check new structural data '

Distributions a ‘
@ AABHTZ (P-1) - Mercury — [m] e
Fie Edit Selection Display Calculate CSD-Community CSD-COFE SD-Materials CSD-Discovery  CSD Python APl Help Validation
External reference files . i
PickngMode: pickaoms | Cearveas @ Launch WebCSD ms ~ with atom Label v ! XM
Sty Pobhedrel ~ Colours by Hement “['N  ConQuestHitHighlighting.. | | sdectbyswamrsfid | (e-g- Engh & Huber) ‘
D Default view: Launch ConQuest 90 y+90 290 2490 & > L T zoom- zoom+
Structure Navigator & x|

Data Analysis Module...

JCSD FINWEETO
PDB FK5

e Protein

Crystal Structures Spacet A
AABHTZ P

.
AACANI0 P21/c DI | I a I ds
AACANIT1 P21/c b — o e 4 s & = —

AACFAZ  Pben = . — .
AACFAZ10 Pben MolProbity Mogul Percentiles
AACMAL  P21/c
IsoStar Settings... AACMHX... Pbca

Select Databases... I \ A\

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

IsoStar Interaction Check...

Launch lse5tar

Metric
Riree me

Score
s PDF report for depositor and
RSR-Z m = 0.123

Backbone = = 0.056 referees:

SR s statistics and plots for the

molecules =

A _g Small
L)

13 entry, per chain, per residue,
RNA puckers s "= 0.031 - - -
and list of unusual features

Worse Better

Display Options

@ Mogul Results Viewer —

showfhide: [Colmns ~| [Fragments...| | |Desclectalfiogmens | | Export.. B ccochons

File Searches Databases Hel

| Double dlick to view resuit in Hogul Blgey | Faninedws | Vo dnctes

1. Methods 2, Test methods

s oge search - Torson ange - C21 €22 C24 127 development. blind with
Type Molecule Fragment Classification No. of hits Query value A 137 w e unpublished
> bond Sactn: Ary. Hesst Senent: Ay
Exchde: tone targets.
> angle Relesance  Mumber  Contibuion
~ torsion 2 [T B
v LIM_K21.901-B_pdblhak_1 |
50058 C1C2 Not unusual {enough hits) 13451 169,071 N Crystal Structure
€59 058 C1 C6 Not unusual (enough hits) 13461 -10.086 : Prediction (CSP)
023 C21 NT1 C12 Mot unusual (enough hits) 45 11.263 H o H
€24C22 C21NTT Not unusual (enough hits) 40 75917 § n Blind Test.
€22 C24N27 C30 Mot unusual (enough hits) 938 -155.722 e e I Ca
€22 C24N27 C34 Not unusual (enough hits) 938 76119 e W .
€45 C52 C43 C32 Mot unusual (enough hits) 2357 -T.842
€51C52 Ca3 €32 Mot unusual (enough hits) 2357 105.277
€22 C21N11 €12 Mot unusual (few hits) 3 -165.684 o .
023 C21 N11C10 Unusual (enough hits) 43 -158.238 s ¢ “ [ -
023 C21C22 €4 Unusual (enough hits) 42 Vfrin) |: 274047 -
C21Caa CaaNa7 Unusual (enough hits) 137 RIS (BB S kg (et e 3. Compare predictions to
€31C32C43C52 Unusual (enough hit 131 Data races .
£33C32C43 €52 Unusual (enough hits) 131 e o skt oinsnnmngen | Gcoss - experimental observations.
€22 C21N11C10 Unusual (few hits) 3 At agmerts. e query. perlaredtis: e o5 update o o
= Selectedhits: 177 TR o8 s skogeam [ cso Peoi update | 0

inbar to deselect, cick agai

| J.Bruno, G.P.Shields, R.Taylor,A’cto Cryst. (20i1). B67, 333-349 DOI: 10.1107/S0108768111024608 ( < | N



About you LR

What would you like to analyse using Mogul? Wi
« CSD/published structures . ;
« Your own experimental structures o
* Theoretical structures

* Protein ligands
* Other




Mogul - Launch from Mercury

@ AABHTZ (P-1) - Mercury - O X

File Edit Selection Display Calculate CSD-Communit —3D-C0F€ Sp-Materials CSD-Discovery CSD Python APl Help \
Picking Mode: | Pick Atoms ~ | Clear Meas, .- Launch WebC5D ms with | Atom Label

Style: | Polyhedral ~ Colour: | by Element w I ConCuest Hit Highlighting... « | Select by SMARTS:l[c]

| animate... Default view: |b “[a b ¢ a* b* ... Launch ConCuest y-80 y+90 z-890 z+90 < - J T zoom- zoom+

. Structure Navigator F X
Diata Analysis Module... g
AABHTZ Find ||
Mugul GEDmEtw Check... Crystal Structures Space
Launch Mogul AABHTZ  P-1

AACANITD P21/c
AACANITT P21/c
AACFAZ Pbcn
AACFAZ10 Pbcn
Launch lsoStar AACMAL  P21/c
IsoStar Settings... AACMHX... Pbca
AACRHA Pncm
AACRHC P-1
AACRUB Cc
AACRUBOT C2/c
AADAMC P21/c

Mogul Settings...

lsoStar Interaction Check...

Select Databases...

AADMPY  P-1
AADMPY10 P-1
AADRIB P21

AAGAGG10 P2121.

AAGGAG10 P21

AALCFE P21/c «
< >

CCDC

Display Options g X



Mogul Geometry Check

C50-Core  C5D-Materials  CSD-Disce
@ Launch WebCSD
ConCuest Hit Highlighting...
‘ Launch ConCuest
Data Analysis Medule...

Mogul Geometry Check...
‘ Launch Mogul
Meogul Settings...

IsaStar Interaction Check..,
’ Launch |so5tar
IsoStar Settings...

Select Databases...

(v7] Mogul Search Settings —

Fragment Types

Bond Length Valence Angle Torsion Angle Ring

Search Filter Options
Available filters
R-factor <= 5.0%
Bxdude |Solvents

Heaviest Element U

{| Apply filters
% Exdude |Organometallics
% Exclude

Search Mode
O Only find fragments that match exactly

Customise fragment classification ...

Help Search

\

“

%

Powder structures

@ Find similar fragments if number of exact matches is less than

Bonds Angles Torsions Rings

Close

s

A complete analysis of all loaded molecule(s) will be performed.

To analyse just part of the displayed molecule(s), hit 'Cancel’
and select atoms before starting the analysis.

@ search Progress

X

Angle I 54%
C8 C9 C14

Search completed - 41 observations «

CCDC



Mogul Geometry Check - Results e

@ Mogul Results Viewer - O X COIOur COde:
show /e [Comms 7] [Fregments| | [peselectal fragrents] | * Blue: It is a not unusual value in
[T | ol cick to view resst i Hopu the CSD and there are enough
Typ': d Molecule Fragment Classification No. of hits Query value Me: » data iﬂ the CSD for cCOm pariSOﬂ,
) wnge  Pink: Itisa not unusual value in
I C59 058 C1 C2 Not unusual (enough hits) 13461 169.071 the CS D, but there are on |y few
ADINICR  Notums) a0 45 Ry data in the CSD for comparison.
C24 C22 2T NN Mot unusual (encugh hits) 40 -75.817
GoANTCH Nt amant e ) 52 e - Orange: Itisan unusual value
o1 Coa o3 oo ESEEEEEEZIEZZSEEE ) e s in the CSD and there are
oo o Uncsod Cnoun it 4 enos enough data in the CSD for
S R T e comparison.
C31C52 C43 C52 Unusual (enough hits) 131 -140.163
o o o o o) 3 ers ||+ Brown: It isan unusual value in
Double click ’ the CSD, but there are only few
Ol & FOWHLO data in the CSD for comparison.

view result in
Mogul




Mogul Geometry Check - Results

O CCDC Mogul 2020.3.0: AABHTZ (P-1) - Mercury

> vlo 4

Results and
filters

File Searches Databases Help
Build query Results and analysis View structures
Results Navigator
All hits: 449
Accepted hits: 449
R-factor: Any Heaviest Element: Any
Exdude: None
Relevance MNumber  Contribution

View diagrams. .. Mare hits...

Statistics

Total : 443
Selected : 449
Mean : 119.883%
Standard deviation : 1.790°
Minimum : 111,452
Lower gquartile : 113.909°
Median : 119,752°
Upper gquartile : 120,645
Maximum : 135.611%
| z-score | : 0,867

Statistic's

All fragments...

View query...

Mumber of hits

110

66 -

Histogram displa
0g play .
Displayed hits: 445
] Deselect
Selected hits: 445

Mogul search - Bond angle - C6 C5 CI2

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

Histogram: click in bar to deselect, click again to reselect. Right-click for eptions.

all hits in histogram

all hits in histogram

Value i query: 121.434°

6

Value

Click bars or bihs to

deselect hits

Click and drag to
deselect a range

................................................. ‘ ........... IﬂyOUl’ ..........................

e
0
0

Data libraries
C5D 5.42
CsD Feb21 update
CSD May21 update

Eilters...

vl

uster

e
L ©
» b
©
°
& ® . 0
»
. 2
B
=
> Cl
o >
& s
e °
-

Histogram
built with
data from
structures in
the CSD

Cluster only
avallable for

< rings

D



Mogul Geometry Check - View structurés

0 CCDC Mogul 2020.3.0: AABHTZ (P-1) - Mercury

File Searches Databases
Results and analysis View structures

Build query

Help

Refcode: AABHTZ Data Library: C5D 5.42

AABHTZ

.

—
Y

Fragment
@5]& shown

//

Valence angle:
119.477°

Measurement

given

C||Ck through hits

Show Parame ters

AABHTZ
ABAWI
ABAWOP
ABYTZL
ACBTZC
ACBTZDN0
ADAPIF
ADENON
AFESEK
AJETAL
AJETALDT
AMACGAH
AMACEL
AMACIP
APIKUH
AWIIA
AWIDG
AWDUM
AXEHIU
AXUTES
AYEZOV
AZITUA
BAKYAP
CAGNUU
CAGPAC
CEBLOM
CEQZI
ClGAD
CLPTBU
COPZOX
DAICAV
DAINUZ
nInMLA

W

196 structures z

\

Click through
the refcode list

Number of

structures

D



Follow along Mogul Demo it

Example of a Mogul Geometry Check S
We will: :
 Run a Mogul Geometry Check from Mercury.

* Visualise and analyse the results.
& ot o s ‘ , COBFIK

File Searches Databases Help

Buld query  Resultsand analysis  View structures

Results Navigator Mogui search - Torsion angle - N1C1Cs N2
Al hits: 3796
Accepted hits: 3756 il [P —rr
R-factor; Any  Heaviest Element: Any
Exclude: None
Relevance  Number Contribution
100 3796 100.0% 1384
1038
=
6
B
£ 692
5
E
View diagrams. .. More hits...
346
Statistics
Total : 3796
Selected : 3796
| d{min) | : 0.000° 0 k
0 45 a0 135 180
Torsion angle [
Click to (de)select bars; dick and drag to (de)sslect a range

Data libraries
Histogram display
e e o select | al hits in histogram : =
Displayed hits: 3756 Fiters... Cluster
selected hits: 3796 Deselect | all hits in histogram €SD Mar22 update
°

Histogram: click in bar to deselect, click again to reselect. Right-click for options.




Agenda

* Introduction to the CSD

* Visualizing structures in the CSD
 Slides and follow-along demo

* Analysing the geometry of structures using Mogul
« Slides and follow-on along demo

« Analysing intermolecular interactions using FIMs
« Wrap up, quiz and summary

@O

CCDC




CSD-Materials overview @ © 7R
X X Sy 3
PR SRS \ 2
e sy L
/ / tif Search & :

4 Dack[\iﬂwog lFeaefer Search D — — SIS ’.
Crys'tal 'Da;king Hydrate Analyser & Generator

Similarity Solvate Analyser

Detailed Structural Analysis Solid Form Design
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Full Interaction Maps (FIMs)

. : : hydrogen-bon
Map Interaction preferences donor |

around complete molecules in
a crystal structure.

* Visualise observed atom-atom
contacts with respect to likely

geometries in 3D space.

e : hydrogen-bond
» |dentify interaction hot-spots acceptor

around chemical groups.

CCDC



Understanding intermolecular interactions

central group: -CONH,
contact group: NH

\_>
-

Search for structures containing desired contact

Superimpose hits and display as scatterplots or contour

o CCDC




b °

Combining plots into Full Interaction Maps . .

* Molecule is broken down into fragments v :

* |soStar maps for each fragment are combined to give the Full Interaction Map

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



Predicting intermolecular interaction geom’e*trie,s.

- “Early development candidate”

* Two polymorphs, metastable (a)
and stable (b)

» Packing arrangement of stable
form (b) satisfies Full Interaction
Map particularly well

» Packing arrangement of (a)
does not

N. Feeder et al.,J. Pharm. Pharmacol. (2015), 67(6), 857-868




Creating a FIM G

@ HXACAN (Pcab) - Mercury

FIMs enable you to
generate a 3D

File Edit Selection Display Calculate C5D-Community CSD-Core CSD-Materials  CSD-Discovery  (CSD Python APl Help

Picking Mode: Lasso Atoms hv Search > _abels for Al atoms v with Atom Label \ . .
INteraction ma @)
Style: Ball and Stick * Colour: by Element . Atom selections: b l
Calculstions > around a molecule
|:| Animate. .. Default view: b | a b c a* b* y-90 y+90 z-90 z490 & — | T zoom- =zoom+ || Select by SMARTS:

representing

Polymorph Assessment

regions of higher
probability to find
interactions with

Co-Crystal Design

Full Interaction Maps...

certain functional
groups

0 Full Interaction Maps

Options Maps Hotspots Log Files

Hydrate Analyser...

Map Contour Levels

Probe Solvate Analyser...

Getting started with Full Interaction Maps

Display first contour with initial level of 2.0 :
Uncharged NH Nitrogen
Charged NH Nitrogen

Display second contour with inital level of -
|| RNH3 Nitrogen
Display third contour with initial level of ] Alcohal Oxygen

<]

Aromatics Analyser...

llaria Gimondi — February 15, 2021

Our collection of educational resources has been growing throughout 2020, welcoming new How to videos (on our
“YouTube and LabTube channels). new self-guided workshops and updates to our existing material. We also added a

Conforrmer Generation...

] feedback survey for you to fillin at the end of each workshop te let us know how we are deing and how we can improve.
~/| Carbonyl Oxygen
= This month we include in our callecfions 2 new resources, both about Full Interaction Maps (FIlts, for short)- an
Hotspots Water Qxygen educational vided L the right time
to write a blog abj M - f‘ - | b | labout FIMs  ta
l:‘ Generate hotspots in the map Oxygen Atom . Launch DASH the first steps to O re | n O ava I a e

Methyl Carbon How do F

in our blog and

RN

Aromatic CH Carbon research?
C-F Fluorine Full Interaction d presents the
L] regions of higher] VIiaeo erful tool that
< wie made il availg
A greatway to gel St2red with FINS 15 10 SNOW yOU Now T IS WorK, 100elner vith few examples that vill give you an idea
about insightiul information that FIMs ¢an provide on your molecules, crystal structures, and ligand interactions. Our new
educational video on FIMs aims exactly at this.
Defaults
Options Full Interaction Maps (FIMs)
Calculate M Clear Maps & Hotspots Load M Save M o ook o eses e
alculate Maps lear Maps & Ho oad Maps... ave Maps... ose s
P P P P Show cell axes D 2Z-Clipping
MoreInfo ¥ D
(e Label atoms Stereo

Y  https//www.ccdc.cam.ac.uk/Community/blog/getting-started-with-FIMS/ .

Press the left mouse button and move the mouse to rotate the structure Click on the image fo watch the video on YouTube




Agenda

* Introduction to the CSD

* Visualizing structures in the CSD

 Slides and follow-along demo

* Analysing the geometry of structures using Mogul

« Slides and follow-on along demo

* Analysing intermolecular interactions using FIMs

@O

CCDC

* Wrap up, guiz and summary



Explore More: Quiz

How to play!

* The questions will appear on the slide: pick and
note down your answer within the time given!

 We will reveal and present the answer.

* Note down your score: one point for every right
answer and zero for any wrong answer or not
answered guestion.

Hint: keep Mercury and Mogul open alongside
your notes from today.




1. When opening your own file in Mercury, how -
cah you make sure that bond types, missing
hydrogens and aromatic rings will be displayed?.'

A. Before loading the structure, B. After loading the structure, +

go to File and tick Auto Edit go to Edit > Auto Edit .
Structure on Load, then load Structure, tick the desired
your structure and it will be option on the menu and click
automatically edited. Apply.

B. After loading the structure, D. All the options are c@

go to Edit > Edit Structure,
and manually apply the edits
to bonds and hydrogens.

CCDC



2. From which menu can you access Mogul
Geometry Check in Mercury?

@D—CCD B. CSD-Materials

C. CSD-Discovery D. All of the above

CCDC



3. FIMs are built on the knowledge from the -
structures in the CSD, harnessed using anothera
tool of the CSD Software which one? i '

A. Mogul B. Hermes

D. None of the above

CC



How many points did you get?

CCDC



What have we learnt? N7

How to visualise and explore over a million crystal structures I AN )
* What the Cambridge Structural Database is and how it can be used in your research -~
* How to visualise structures using Mercury VB
* How to explore the packing, symmmetry and hydrogen bonded networks of structures =«
How to analyse the geometries of structures using Mogul
« Familiarity with the basics of Mogul

« How to get more insights into your crystal structures and interpret results obtained from
Mogul

* How to use Mogul for CSD structures and new structure determinations
How to analyse the interactions within a crystal structure

* Knowledge of how Full Interaction Maps are generated and how to create them

* How to interpret results obtained from FIMs

 Why looking at interactions are important and how FIMs can be used in your research
The value of using structural data in your research

CCDC



@
ant to explore more? *
[ J ‘ o, .
@ :
L] L] L] o .
Training and Educational Resources . .
»
Y L3 4
o lin the Cambridge Structural Database (CSD) extends far beyond a collection of crystal structures. Knowledge derived from these materials 2 -~ .,
¢ 2 ~ and biology. Chemical and structural concepts are often difficult to grasp without real world, interactive examples for students to explore. ° g hd x
L4 —‘Q,‘:W ly produce educational materials for use in classroom and computer lab settings, or as independent study modules. Many of these materials b e
.
:. 9 ely available set of over 750 structures that can be investigated with the free version of our Mercury » » &
entries are available for free through our Access Structures portal v Py .

CSD-Materials

Tools to help you to understand your material’s
behaviours and refine its properties.

CSD-Core

Essential crystallographic and structural chemistry

capabilities. Information on the Teaching Subset

Self-guided Workshop‘

Download a series of self-guided workshop materials

r community, please contact us at education@ccdc.cam.ac.uk.

rom education and outreach at the CCDC, sign up for the Education and Qutreach Newsletter here.

3 4

i

-,
-
v

Access a series of teaching modules for use in the
classroom

YouTube and &
LabTube
channels

Access fun science activities for kids through the
CCDC Home learning page

7% 9 30 1 12 13 141 107

= {4g§ s

?a‘gf-avﬂow
LT

P

Explore the Periodic Table through Crystal Structures

Regi.sté‘r TOor=xi—s
E&O newsletter

On-demand
Mmodules with
completion
certificate

DECOR: Educational Resources for Teaching
Crystallography

CSDU modules - Explore our on-demand training
courses

D

Bound! a Protein-Drug matching card game


https://www.ccdc.cam.ac.uk/Community/educationalresources/

"
w

@ oo ofe 800038 oo @ Visualisation 101 - Visualising Programmatic access to the
$ coeuts o, sgene, structural chemistry data with CSD 101 — CSD Python API ‘

« On-demand modules to

learn how to use the CSD
Software at your own pace.

« Completion certificate after A . -
. . ysing molgcular geometries . Ana?lysmg intermolecular .
) '|:| Na | q U |Z! 101 - basics of Mogul interactions 1%313?" Interaction

UTest

https//iwww.ccde.cam.ac.uk/Community/educationalresources/CSDU/ ( ( | N

UWatch



Videos highlights S,

How-to: Create and share
personalised styles in Mercury

How-to: Labels in Mercury

How-to: Basics of hydrogen
bonds in Mercury

INntroduction to symmetry
operators and point groups

The video names are links to the videos.



https://www.youtube.com/watch?v=-JPYCbMqhfE
https://www.youtube.com/watch?v=FvKgc42Xik0
https://www.youtube.com/watch?v=bd8k0grYid8
https://www.youtube.com/watch?v=BE8yQyA9RUc

1

o
These resources were originally developed by
Mike Zdilla at Temple University under the
DECOR initiative

»

Materials on crystallography (slides, videos, web
pages, exercises, documents, ...) from lecturers in
the communities shared publicly for other
educators to use in their lectures and for
students to practice, review, and explore new
concepts.

https://www.ccdc.cam.ac.uk/Community/educationalresources/

e I. Resources

oy Topic

database-of-educational-crystallographic-online-
resources/resources-by-topic/CIF/

»

CIF

Slides and web material

to learn about ClFs. CCDC

A short guide to Crystallographic
Information Files

A CIF or Crystallographic Information File is the standard format for storing crystallographic structural
data. CIF information has a specific structure or format that needs to be followed to allow crystallographic
programs to read the file.

CIFs are usually created automatically by the program used to process or refine crystallographic data; this
means it is very unlikely that you will need to create a CIF from scratch (and we don’t recommend editing
CIFs by hand). However, being able to read and find information within a CIF is useful to help you be able
to provide complete crystallographic information for your structures, as well as interrogate the data of
others.


https://www.ccdc.cam.ac.uk/Community/educationalresources/database-of-educational-crystallographic-online-resources/resources-by-topic/CIF/

Access the CSD Data and Software

until 31st July 2022 After 31t July
* You can explore CSD * If you wish to continue access at
functionality using the the end of the workshop license

period, your institution probably
already has access to the CSD.

* |fyour institution does not have a
license or you do not manage to
find the license contact, you can
get in touch with
admin@ccdc.cam.ac.uk, and they
will be able to advise you.

CCDC

workshop licensel



mailto:admin@ccdc.cam.ac.uk

Documentation G IS,

C C D C We b S | te 21.11.2 Screening by Molecular Complementarity | .

21.11.2.1 Overview

Resource Type * A method for assessing the likelihood of two molecules to form a co-crystal based on
the comparison of each of their molecular descriptors has been developed and
User Guide validated by Fabian. Surveys of observed co-crystals in the CSD were performed to
Support & Resources About U assess any statistical correlations between the properties of the two molecules in a
given co-crystal. The observed data indicates that molecules which crystallise
Category together tend to have similar molecular properties.
Support & Resources .

For co-crystallisation to be likely, five key molecular descriptors have been identified

Please select a Catego
gory for which the difference between the values for the two co-crystal components

CSDS Downloads shoul_d be small. These descruptprs are the fractlo.n of nitrogen and oxygen atoms,
Product the dipole moment and three simple shape descriptors based on a molecular
Whitepapers bounding box — the length of the short axis, the short/long axis ratio and the
Mercury medium/long axis ratio.

* Note: This methodology has only been validated for neutral multi-component
Sort Order systems — it is not appropriate for use with salts.

Documentation and Resources

| FAQs Documentati

*  For more details on the original study and methodology, please see Fabian, Cryst.
Most Recent Growth Des., 2009, 19, 1436-1443.

[

¢ Licence Portal )¢

Downloads
Search
d compuer 1ap sewnys, or as muepende

Mercury User Guide (2022.1)
 Lost odified: 21122015 | POF

https//mwww.ccdc.cam.ac.uk/support-and-resources/ccdcresources/ C C D C




Display contacts visualisation options in .

Mercury |

Display Calculate CSD-Community CSD-Core CSD-Mater

i Styles v Wireframe
Labels ’ Stick
Colours 4 Ball and stick
C
-l . Set Show/Hide 4 Spacefill
CO N ta CtS Styl e More Information  * Hiipsoid
Polyhedral

Symmetry Elements...
Voids... Stick settings...

Ball and Stick settings...

to sticks.

HEeELa Spacefill settings...
TR Ellipsoid settings...
View along ¢ Polyhedral settings...
Dial box... )
Contact settings...
v Splash screen Measurement settings...

Toolbars ’
Selected atoms...

Bonds...
Contacts...

v Display Bond Types
v Display Aromatic Rings

©

& Contact Styles X ’
Style sy
O Wireframe

(®) Stick

Apply to:

All Contacts

Expanded Contacts

Hanging Contacts

Close

CCDC



Display contacts visualisation options in .
Mercury

Display Calculate CSD-Community CSD-Core CSD-Mate o Contact DiSp'ﬂ}" Dpt... X
i Styles » Wireframe
2' C h an g S t h S ~ Labels > Stick Contact Radius (Angstroms)
[ 1 Colours » Ball and stick
thicknessto : Gl _ 0 01
ow/Hide ’ Spacefill
C h a n g e t h e More Information * Ellipsoid
Polyhedral
NUIMm ber Of Symmetry Elements... Y Defaults Close
Voids... Stick settings...
Seg men tS Ball and Stick settings...
Display Options... i i
. Spacefill settings...
YOU see [N the |  Managesys. lipsoid settings.
: View along g Polyhedral settings...
contact line. S
Contact settings...
v Splash screen Measurement settings...
Toolars ' Selected atoms...
Bonds...
Contacts...
v Display Bond Types
v Display Aromatic Rings < ‘ I > ‘




Display contacts visualisation optionsin . .
M er Cu ry @ HXACAN (Pcab) - Mercury - ] X M

File Edit Selection Display Calculate CSD-Community CSD-System CSD-Materials CSD-Discovery CSD Python APl Help

pld(lng Mode: Expaﬂd Styles 4 l Clear Measurements Elp (& D Show Labels for Stersocentres with Stereochemistry ‘
Style: Capped Sticks * Labels » |~ Manage Styles... [Cards v Atom selections: v Select by SMARTS: [c]
' [] Animate.. c Colours 2 Atoms... x-90 x+90 y-00 y+00 290 2490 < - 4 T zoom- zoom+

Show/Hide 4 Bonds...
More Information  * Centroids...
Planes...

S try El ts...
ymmetry Elements o

Voids...

Voids (Experimental)... Element colours...

Symmetry Equivalence colours...
Labels...

Display Options...
@ Contact Colours X [5--

Background settings...
Contact Colours

() By expanded/hanging
() Colour

select colour: =
(®) Colour by distance

short: mid: long:
- 11

Apply to:
All Contacts
Expanded Contacts

Hanging Contacs

Close




Label chiral molecules

@ RERXIV (P212121) - Mercury — O X
File Edit Selection Display Calculate CSD-Community CSD-System CSD-Materials CSD-Discovery CSD Python APl Help

Picking Mode: Pick Atoms (g [ - IE f: I} |v| Show Labels for Stereocentres  with | Stereochemistry

Gtyle: |Ball and Stick ~ Colour: by Element " Manage Styles... Cards ~  Atom selections: ~ - Select by SMARTS:|[c] ‘

|__ Animate... Default view: b ~“ a b ¢ a* b* c* ®- MK+ - y+ 7- 7+ %90 x+90 w00 w+90 200 z+90 <« - 1 T zoom- zZoom+
Structure Navigator F X
REEXIV Hnd
Crystal Structures Space: ™

RERXIV P2121. '
RERXIW Pnma
RERXIX C2/c
RERXIY P-1
RERXOB Pcmin
RERXOC  P21/c

W
< >
<< >
Tree View
[ ] Multiple Structures
Structures...
Structure Navigator Searches

Graph Sets 7 X



Chirality in the CSD Python API -

&

CCDC

Next topic

Conditions of Use

Quick search

CSD Python API 3.0.11 documentation »
The CSD Python API

« Conditions of Use
+ Release notes

[chirality]

| co ]

# downloads.ccdc.cam.ac.uk/documentation/API/

o]

o o o o o O

[= ccdec.molecule.Atom.chirality (Python attribute, in Molecule API)

Overview

Citing the CSD Python API
Licensed Features
Change Log

30N

3.010

309

https;//downloads.ccdc.cam.ac.uk/documentation/API/

atomic_weight

The atomic weight of the atom.

bonds
The bonds which this atom forms

chain_label
The label of the chain in which the atom lies if available.

chirality
The R/S Chirality flag for this atom.

Returns one of ", 'R’, 'S’ ‘Mixed', ‘Error’.

coordinates
The x, y, z coordinates of the atoms in orthogonal space.

»»» atom = Atom(atomic_symbol="C', coordinates=(1.8, 2.8, 3.8))
»»> atom.coordinates
Coordinates(x=1.888, y=2.808, z=3.800)

The coordinates may be addressed by index or by key:

»>»>> atom.coordinates.x
1.8

»»» atom.coordinates[2]
3.8

Note that this function will return nene if the atom does not have 3D coordinates.

»»» atom = Atom(atomic_symbol="C")
»»» print(atom.coordinates)
None

displacement_parameters

The displacement parameters of this atom.

Returns: ccdc.molecule.Atom.DisplacementParameters OF None

@*



G,

Working at the CCDC Ce sy

OQur current vacancies

About Us =
Jobs at CCDC UK
F - .
+ Finance Manager (Part-time — 22 5 hours per week
About Us ger( g )
+ HR Manager
+ Marketing Executive
j Our History * Product Manager
4
« Research and Applications Scientist (CSP) g
o OurValues . )
t + Discovery Science Team Leader
: Management + Cheminformatics Data Scientist
° YO U can see our Legal Status + Research and Applications Scientist
A * Research and Applications Scientist - Computational and Data Sciences
O peﬂ pOSItIOﬂS Affiliates (NACs) | + DevOps Engineer

+ Junior Developer - Web and Ul
+ Junior Developer - Scientific/C++
+ Senior Software Engineer / Software Manager

C5D Champions

Careers

Mindful Employer
Contact Us Jobs at CCDC US

« Customer Success Executive

CCDC PhD Studentships
e ..0rsend usan open

. . Thank you for your interest in the CCDC. We don't have any ocpen PhD studentships at this time,
a p pl |Cat ION however, please check this webpage regularly as it will be updated as opportunities arise.

D




