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Learning outcomes for today

» Learn how informatics and data-driven approaches can be used -+ -
to understand particle properties. 0

* Familiarise yourself with what tools are available in the CSD-
Particle suite and what they can be used to do.

* Learn how to use Surface Analysis and Slip Planes to identify
Key particle properties.
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Number of Structures in the CSD

The Cambridge Structural Database - . .
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Inside the Cambridge Structural Database -
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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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Software to gain new insights Oo

2| Vi g
Core Search, visualise, analyse and commmunicate structural data QA’ % \
: Insights into molecular and crystal shape and interactions ,,{ y !
Discovery. Materials. Particle. Theory. a
Design of new molecules ~ ASsessment of solid form Anticipate particle Insights from predicted
stability and properties | properties and behaviour structure landscapes .
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Key concepts - Full Interaction Maps

* Map interaction preferences
around complete molecules in
a crystal structure

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

» |dentify interaction hot-spots
around chemical groups

CCDC



Key concepts - Full Interaction Maps

central group: -CONH,
contact group: NH

\ /
’~

Search for structures containing desired contact

Superimpose hits and display as scatterplots or contour

plots CCDC




Key concepts - Full Interaction Maps - -

* Molecule is broken down into fragments v ‘.

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

« Multiple maps can be generated for different probes

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



Key concepts - How do crystals grow?

* Depends on relative growth rates
* Rny 2 \

. Faster growing faces are smaller =~~~ /sssssssssceasssssa—m -

- Growth rates are dependent on Rito
mMany things \
* Supersaturation
« Solvents
* Impurities R

' Rioo /
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Key concepts —- 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/.
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From Solid Form to Particle Properties -
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Solid Form Informatics

Particle Informatics
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Particle Informatics G e

Visualisation and analysis |dentification and analysis of Morphology calculations
of surface properties potential slip planes

« 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 < < I N



 |dentification of Potential Slip
Planes

Slip Planes

* Analysis of Structure Hydrogen
Network

CCDC
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Tensile strength (MPa)

Compaction and Bending

o
<N
X
Compression Decompression
(©)
4
I
{/(‘
(b)
(d
6 .
6 £
2
&1 . Theophylline g
4 4 g
E
3 1 Cocrystal f‘.:
g
2 1 -
1 4
Methyl gallate
o Ll Ll L] L] L} 0 L
0 100 200 300 400 500 0 50

Compaction pressure (MPa)

YOO

oharmaceut.7o00

No

100 150 200 250 300

Compaction pressure (MPa)

124

350

400

Layerl Layer?
A \

— N ¢
—— ¢
- ——*'i"”ﬁ:-t".ki"- - @
- ———-1r‘l'&’_"‘."i‘~‘~ - @
— i ¢
o — ¢



Predicting slip planes

CCDC



Surface Chemistry
Surface Analysis

Surface Roughness

Surface Ch;‘:\rge C C DC



Surface Analysis

Descriptors gy,

Physical Chemical o,

Hydrogen Bond
Donor/Acceptor
Density

Reticular Surface
Area

Rugosit
J 4 Aromatic Bond

RMSD, Skewness,

_ Density
and Kurtosis

Statistically Derived Interaction Data

CCDC
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+%' Particle Informatics

Descriptors

Physical Chemical

Hydrogen Bond
Donor/Acceptor
Density

Reticular Surface
Area

Rugosity

RMSD, Skewness,
and Kurtosis

Aromatic Bond
Density

FIMs on Surface



FIMs on Surface

FIM Surface FIM on Surface

CCDC



Accessing CSD-Particle through Mercury -

@ 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 APl Help
Picking Mode: | Pick Atoms ~ | Clear Measurements @p @ |:| Show Labels for | All atoms with | Atom Label
Style: |Balland Stick ™ Colour: | by Element or Suppression ™ Manage Styles... |Work v || © Atom selections: ~
D Animate... Default view: |b v | a b c a® b® | % x+ y- y+ z- z+  x90 x490 y-80 y+90 z90 z+480 & - L T zoom- zoom+ | Selectby SMARTS:[d]
Structure Navigator & X
AABHTZ e
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
AAGAGGT10  P212121
Display Options g X AAGGAG10 P21 v
Display Options
<< ==
[] pacns [_] Short Contact < (sum of vdW radii) Contacts... Showhycrogens || pepth cue _
|:| Asymmetric Unit l:‘ H-Bond Default definition |:| Show cell axes |:| 7 Clipping TrERlED
[ ] Autocentre CEETT [ ] Label atoms Stereo [ ] muitle Structures
Reset Powder... Structures...

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




Reminder: Basic navigation in Mercury

e Left mouse button and move — rotate Visualisation 101 - Visualising
structural chemistry data with

Molecules Mercury

« Middle Mouse wheel - move molecules
up and down

Learn more g

: in this CSDU
Right mouse button and move up and [

down —zoom in and out of molecules course

« Shift + Left mouse button and move -
rotate in the plane molecules

Shi

o Ctrl + Left mouse button and move -
translate molecules

Ctrl +

n
TR

a3 a8
+




Creating a Full Interaction Map

Picking Mode:

0 Full Interaction Maps

Options Maps Hotspots

Map Contour Levels

Log Files

File Edit Selection

Display  Calculate

@ HXACAN (Pcab) - Mercury

Lasso Atoms

Style: Ball and Stick

l:l Animate...

* Colour: by Element

Default view: b

| a b c a*

CSD-Community  C5D-Core

b

b*

C5D-Materials = CSD-Discovery  CSD Python APl Help

Search » _abels for | All atoms with | Atom Label

. Atom selections: ~
Calculations »

y-90 y+90 z90 z+90 & —» L T zoom- zoom+ | Select by SMARTS:

Polymorph Assessment

Co-Crystal Design

Full Interaction Maps...

Hydrate Analyser...

= Probe Solvate Analyser...
Display first contour with initial level of 20 & —
|| Uncharged NH Nitrogen
Display second contour with inital level of |4, : L Charged NH Nitrogen Aromatics Analj,rser...
|| RNH3 Nitrogen
Display third contour with initial level of ] Alcohol Cxvgen )
= Ve Conformer Generation...
|| Carbenyl Oxygen
Hotspots || Water Oxygen
l:‘ Generate hotspots in the map L Oxygen Atom . Launch DASH
|| Methyl Carbon
|| Aromatic CH Carbon
|| C-FFluorine
<
Defaults &
Options
Contacts... Show hydrogens l:‘ Depth cue
Calculate Maps Clear Maps & Hotspots Load Maps... Save Maps... Close S D 2-Clipping
— More Info i D Label atoms Stereo

Reset

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
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Analysing intermolecular
interactions 101 - Full Interaction
Maps

Learn more in this
CSDU on-demand

course
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CSD-Particle Menu

@ AABHTZ (P-1) - Mercury - |
File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Materials  C5D-Theq CSD-Particle C50-Discove | Help
Picking Mode: | Pick Atoms ~ | Clear Measurements @ ﬂ % [ show Labels
Style: | Ball and Stick Colour: |by Element ~||° Manage Styles... |Publication | ° Atom sel A Drph al ogy
i i . e *= *® = = - - . -
1| Animate... Default view: |b a b c a* b* C ®- ¥+ y- y+ - I+ x50 Sllp PlaﬂES... Zoom-  Zoom+
Structure Navigator &
Surface Analysis.. BT =
Crystal Structures Spacegroup
AABHTZ P-1
AACANND  P21/c
AACANNT  P21/c
AANCFAZ Pbcn
AACFAZI0  Pben
AACMAL  P21/c
AACMHX10 Pbea
AACRHA  Pncm
AACRHC  P-1
AACRUB Cc
AACRUBDT C2/c
AADAMC  P21/c
AADMPY  P-1
AADMPY10D P-1
AADRIB P21
AAGAGGI0 P212121
AAGGAGID P21
AALCFE P21/c
AALPRO P21/c
AAMAND  P212121
AAMTCO  P-1
AAMTCO10 P-1
AAMTXP P21/n
AANHOX  Pna2l
AANHOX01 Pna2l
AANOPM P21
AAPUNI P21/a
AAPYPE P21/c
= = AARBOX P21
Display Options g X AAXTHP 212121
Display Options PIEY= T PR P EPE
<< ==
L] Packing [ Short Contact < (sum of vdW radii) Contacts... Show hydrogens [ Depth cue N
[ Asymmetric Unit [] H-Bond User defined — [ show cell axes [ Z-Clipping
[ Auto centre [ Label atoms Stereo [ Multiple Structures
Powder...
Reset Structures...

Press the left mouse button and move the mouse to rotate the structure
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CSD-Particle - Morphology - BFDH

@ AABHTZ (P-1) - Mercury
File Edit Selection Display Calculate CSD-Community ©CSD-Core CSD-Materials CSD-Theory (CSD-Particle CSD-Discovery (CSD Python APl Help

et o s < Gewbesmsarensl[B] [ T || s i ot il ]

CSD— Particle  C5D-Discowvery

C50 Python AP

‘ Style: | Ball and Stick~ Colour: | by Element | Manage Styles... |Publication | * Atom selections: |’ Select by SMARTS:{[]
D‘ Animate. .. ||§Dehituiew:b ~ a b c a* b* c“ - x4+ y- y+ z- 7+ x-90 %480 y-80 y+90 z-80 z+90 & > ) T zoom- zoom+

(011,

100-1)

(100}

Display Options 8 x|
Display Options.
[ Packing [ Short Contact < (sum of vaW radii) (i (Wlrsthre
[ asymmetric Unit [ H-Bond User defined More o ~ | [ showeellaxes [ Z-Clipping
[1 Auto centre _ [] Label atoms || sterea
L=

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

Slip Planes... waRTS:[d

Surface Analysis...

Crystal Structures
AABHTZ .
AACANIO
AACANITT

= =+ L T oz

AACFAZ

AACMAL
AACMHX10
AACRHA
AACRHC
AACRUB
AACRUBDT
AADAMC
AADMPY
AADMPY10
AADRIB
AAGAGGTD
AAGGAGTD
AALCFE
AALPRO
AAMAND
AAMTCO
AAMTCO10
AAMTKP
AANHOX
AANHOX01
AANOPM
AAPUNI
AAPYPE
AARBOX
AAXTHP
AAXTHPOT
AATDCO
ABABAH
ABABA|
ABABAK
ABABEL
ABABEM
ABABIP
ABABIQ
ABABIR ¥

AACFAZI0 ' Mﬂlphﬂlﬂgjr

[ Show Morphology
Scale factar: '

100

[+] Show (hkl) labels
[+] Draw faces Colour | B0

[+] Auto scale

0.5

[] shadows
[ Draw edges. Colour | ]
] Fill merphalogy with molecules

Display Options

/

A

2N
Learn more on

BFDH Morphology

in the Glossary in
the handout.
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CSD-Particle - Slip Planes

@ ACSALA (P21/¢) - Mercury — O x

File Edit CSD-Community  C5D-Core  CSD-Materials  C5D-Theory  C5D-Particle

~ | Clear Measurements @”ﬁ"@” [ show Labels for Al atoms

Selection  Display Calculate CSD-Discovery  CSD Python API

* Picking Mode: |Pick Atoms  with | Atom Label “

»

Style: | Ball and Stide k:olour: |by Element ~ " Manage Styles... |hbi<zbon ~ " Atom selections: ~ " Select by SMARTS:| [c]

D Animate. .. |§D€ﬁlult\ﬂ'ew: a b c a b* c‘| ¥ X+ y- y+ z- z+  x00 x+90 y90 y+90 z90 z490 &« = L

»

| Structure Navigator &

*

ACSALA

Crystal Structures
ACSALA
ACSALANM
ACSALADZ
ACSALADI

3 ACSALAM

"'- v ACSALADS

b ACSALADE

ACSALADT

ACSALADS

ACSALADG

ACSALATD

. ¥ -_, o

A0~ k= g 0

. Slip'{ne 100)
r ""ﬂ”'-lf -
£ =" R - ACSALAT
S 2 23 i '_* ACSALAIZ
v o =" v ACSALA1Z
. RS [5 . S4 b ACSALAIA
i~ Y ‘g /3 y L . ACSALATS
ACSALA16
ACSALAIT
ACSALA1S
ACSALA19
ACSALA20
ACSALAZY
ACSALA22
ACSALA23

N\

Display Options 8 x| ACSALAZY

Display Options

~

w

[ show hydrogens  [] Depth cue
[ show cell axes [ Z-Clipping
[ Label atome Sterea

[ Packing
D Asymmetric Uinit
[ Auto centre

Press the left mouse butten and mowve the mouse to rotate the structure

[] Short Contact
[] H-Bond

< (sum of vdW radii)
User defined

[ Tree view

[ Multiple Structures

Structures...

== ==

C5D-Particle  C50-Discovery

i Morphology r

Surface Analysis...

=

@ slip Planes... ACSALA

Minimum slab separation I
Status Calculation completed
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Orientation Slab separation Repeat distance

2 (100) 0.242 11.392

Possible Slip Planes

H-bonded

Perpendicular planes

H-bond dimensionality: 0D discrete

H-Bond System

Analyse Surface|

[emot.. |

Calculate

Export Table

¥

Learn more on
Slip Planes
iNn the Glossary in
the handout.

)




CSD-Particle — Surface Analysis

C5D-Particle

| Marphology L )

. Analyse

| Slip Planes... AR el st foce orientation () s ofset )

. elect surface orientation and offset (o
Surface Analysis... h
@ oo e . . h: |U :|k: |[J :|I: |2 :|n: |U.UEJ L] Preview Slab
File Edit Selection Disp e CSD-Co ity CSD-Core  CSD-Materials  CSD-Theory ~CSD-Particle  CSD-Discovery CSE nAPl  He (] show Advanced Options
Picking Mode: |Pick Atoms v | Clear Measurements @ O Q} [ show Labels for | All atoms with | Atom Label i
3 = - 3 Full Interaction Map | | Calculate Surface

Style: |Ball and Stick  Colour: | by Element V| Manage Styles... Publication v ‘ Atom selections: v | * Select by sMARTS:[[]
| Animate... Default view: b 84l|-a: b ciza*hE e* X- X+ y- y+ z- z+ x90 x+90 y-90 y+90 z90 z+90 &< > | 1 zoom- zoom+

Results - ACSALA (002)[0.00]

Density Info {count/Az)

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

Rugosity: 2.111 RMSD: 2.273

Skewness: 0.052 Kurtosis: 1.729
Display Options
Surface colouring: Atom Properties w
Opacty: (%) B [0 2]
] Periodic View ] Hide Malecules

Atom Properties

[] charge H-Bond Acceptors

] Aromatic H-Bond Donors

Unsatisfied H-Bond Donors
Reset Close

C5D-Discove
v 0' Surface Analysis... ACSALA x

o [}
®
@
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®
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° E}
e
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CSD-Particle — Surface AnaIyS|s '
®
° < ] [ s
C50-Particle  C5D-Discovery . . « »
0' Surface Analysis... ACSALA x g |
) Morphology L ‘ ° T
®
i Analyse ¢
| Slip Planes... " 2
Select surface orientation (hkl) and offset (o) R
Surface Analysis... ;
1 . - b = = = = ) @
@ ACSALA (P21/0) - Mercun h: |[J = | ks |[J = | I: |2 = | o |U.UEJ = | [ Preview Slab - ®
e CSD-Community CSD-Core CSD-Materials CSD-The CSD-Pa CSD-Discovery  CSD Python APl He (] show Advanced Cptions @
Picking Mode: | Pick Atom: | Clear Measurements £ || €% | [ show Labels for Al sto ith | Atom Label 7
St = - @ — : — . Full Interaction Map | | Calculate Surface < @
Style: |Ball and Stick  Colour: | by Element V| Manage Styles... Publication v ‘ Atom selections: v | * Select by sMARTS:[[]
| Animate... Default view: b 84l|-a: b ciza*hE e* X- X+ y- y+ z- z+ x90 x+90 y-90 y+90 z90 z+90 &< > | 1 zoom- zoom+
Results - ACSALA (002)[0.00] "o
Density Info {count/&z)
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
Rugosity: 2111 RMSD: 2.273
Skewness: 0.052 Kurtogis: 1.729
Display Options
Surface colouring: Atom Properties w
Opacity: (%) []
] Periodic View ] Hide Malecules
Atom Properties
pe Learn more about
[] charge H-Bond Acceptors

(] Aromatic [~] H-Bond Donars these pa ra mete s
Unsatisfied H-Bond Donors | N t h e G/OSSO ry | N
Reset Close the haﬂdOUt
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CSD-Particle - Surface AnaIyS|s '
° & al » o X
C50-Particle  C5D-Discovery . . « 5
0' Surface Analysis... ACSALA x g |
. Morphology b hom ¥ S
o
i Analyse ¢
| Slip Planes... " 2
Select surface orientation (hkl) and offset (o) R
Surface Analysis... ; o5
U D - - 0 = ke [0 = 1|2 =] o |0.00 - Preview Slal e @ '
n D h yin = = = m lab
File Edit Selection Display Calculate CSD-Co ity  CSD-Core  CSD-Materials  CSD-The CSD-Particle  CSD-Discovery  CSD nAPl  He (] show Advanced Options @
Picking Mode: | Pick Atom | Clear Measurements O/ @ | O show Labels for [All 2t ith Atom Label 7
b i - 3 @ = — 3 o — Full Interaction Map | | Calculate Surface <
Style: |Ball and Stick  Colour: | by Element V| Manage Styles... Publication v ‘ Atom selections: v | * Select by sMARTS:[[]
| Animate... Default view: b 84l|-a: b ciza*hE e* X- X+ y- y+ z- z+ x90 x+90 y-90 y+90 z90 z+90 &< > | 1 zoom- zoom+
Results - ACSALA (002)[0.00] o\
Density Info {count/&z)
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
Rugosity: 2111 RMSD: 2.273
Skewness: 0.052 Kurtogis: 1.729

Display Options
Surface colouring: Atom Properties
Opacity: (%) [0 ]

] Periodic View ] Hide Malecules
Atom Properties

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

Unsatisfied H-Bond Donors

= = CCDC




CSD-Particle — Surface Analysis

C5D-Particle  C5D-Discovery

| Morphology ’

Slip Planes...
Surface Analysis..

iborr

AR

b

—

o Surface Analysis... ACSALA x

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

h: |0 k: [0 I: |2 EI o: (0.00 EI [ Preview Slab

how Advanced Option

Size of Surface: - Vi

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

Probe Radius: m Grid Spacing: m

Thickness (W) Factor I

Full Interaction Map| | Calculate Surface

Results - ACSALA (002)[0.00]

Density Info (count/&2)

H-Bond Acceptors: 0.079 Aromatic Bonds: 0.159

H-Bond Doners: 0,013 Unsatisfied H-Bond Doners: 0,013

Topology Info

Surface Area (B2): 159,389 Projected Area (A2): 75,498

Rugosity: 2111 RMSD: 2,273

Skewness: 0.052 Kurtosis: 1.729
Display Options
Surface colouring: Atom Properties ~
Opaciy: (%) i
[ Periodic View [ Hide Molecules

Atom Properties

[] charge H-Bond Acceptors

[ Aromatic H-Bond Donors

Unsatisfied H-Bond Donors

Reset Close
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CSD-Particle - FIMs on Surface

C5D-Particle  C5D-Discovery
| Morphology b ltom

Slip Planes... VAR
Surface Analysis..

0 Surface Analysis... ACSALA X

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

he |0 S | ki |0 S | - |2 S | o |0.00 S | Preview Slab
Show Advanced Options

Size of Surface: u: Vi

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

Probe Radius: Grid Spacing:

Thickness (W) Factor I

Full Interaction Map § | Calculate Surface

Results - ACSALA (002)[0.00]

Density Info {count/&2)

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): 159,339 Projected Area (B2): 75.498

Rugasity: 2,111 RMSD: 2.273

Skewness: 0.052 Kurtosis: 1.725
Display Options
Surface colouring: Atom Properties w
Opaty: (%) l [0 ]
[ Periodic View [ Hide Molecules

Atom Properties

[ charge H-Bond Acceptors

] Aromatic H-Bond Donors

Unsatisfied H-Bond Donors

Reset Close
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CSD-Particle - FIMs on Surface ‘. %
L Py i o ; ) e
C50-Particle  C5D-Discovery . . -
‘ s
i Morphology L \ . T ° T
| Slip Planes... WAR o °
Surface Analysis... - oo
- - . . .
0 Full Interaction Maps on Surface * <
Options ~ Maps  Hotspots  Log Files &)
s
Map Contour Levels
A
Display first contour with initial level of 2.0 E Probe Colour

Uncharged NH Mitrogen _
Display second contour with inital level of | Charged MH Nitrogen

Display third contour with initial level of 6.0 E E it::;g;}f;:ﬂ

Hotspots Carbonyl Oxygen
[] Water Oxygen

[ Generate hotspots in the map [] Oxygen Atom

] Methyl Carbon

Aromatic CH Carbon _

1 C-F Fluzrine
] c-CI Chlerine

1 C-llndine v
Defaults

Calculate Surface Maps| |Clear Maps &Hotspots| | Load Maps... | |Sa\re Maps... | | Close |
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Want to explore more?

Training and Educational Resources

The wealth of information contained within the Cambridge Structural Database (CSD) extends far beyond a collection of crystal structures. Knowledge derived from these materials
informs much of chemistry, biochemistry, and biclogy. Chemical and structural concepts are often difficult to grasp without real world, interactive examples for students to explore.

The CCDC and our colleagues continually produce educational materials for use in classroom and computer lab settings, or as independent study modules. Many of these materials

course, our database of over one million entries are available for free through our Access Structures portal.

If you are an educator looking for supplementary teaching materials, find out more about the Teaching Database here. If you have devel

would like to share them with the broader community, please contact us at education@ccde.cam.ac.uk.

-

Information on the Teaching Subset

Self-guided workshops

‘\/»

Download a series of self-guided workshop materials

Access a series of teaching modules for use in the

B4

3.
-
v

classroom

YouTube and &
LabTube e e
channels

-\

.

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

Explore the Periodic Table through Crystal Structures
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DECOR: Educational Resources for Teaching
Crystallography
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CSDU modules - Explore our on-demand training

courses
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Bound! a Protein-Drug matching card game
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Register for ©
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On-demand

modules with

completion
certificate

A new docking
card game


https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/

@ @ Visualisation 101 - Visualising Programmatic access to the Protein-ligand docking 101 -
33 et Sa2 00%03,0 S structural chemistry data with CSD 101 — CSD Python API Running a simulation in GOLD
.=l==..'-l=. ::: Mercu ry

CSDU

« On-demand modules |

to learn how to use
th S CS D SOft\/\/a re at Analysing molgcular geometries . Ana_\lysing intermolecular .
yo ur own pa ce. 101 - basics of Mogul interactions 1('1/?a;)§ull Interaction

« Completion certificate
after a final guiz!

Begin module Begin module

https;//www.ccdc.cam.ac.uk/Community/educationalresources/CSDU/ < < I > ‘




CCDC Engagement Grants

* Do you wish to inspire others
with your love of
- crystallography or structural
Applications . 5
ond all science”
information

on the CCDC Engagement Grants
website! cover costs for you to produce
resources or activities to
INncrease schools and public

Ask us at engagement in grystallography
the booth! and structural science.

Engage, inspire, share!

https://www.ccdc.cam.ac.uk/Community/awardsandsponsorship/ccdc-engagement-grants/ < < I N



