Analyse Surfaces
using CSD-Particle
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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 to identify key particle
properties.
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From Solid Form to Particle Properties -
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Molecule Form Particle Properties

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



Software to gain new insights Oo

1 J 4
Core Search, visualise, analyse and commmunicate structural data %&’ {g’b \
: Insights into molecular and crystal shape and interactions ,,( !
Discovery. Materials. Particle. Theory. g
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 for this module
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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 - How do crystals grow? .

* Depends on relative growth rates
* Rnk 2 \

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

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

* Simplest morphology model|

« Essentially based on unit cell
» Point molecules

» Growth rates inversely proportional
to distance pbetween 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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Surface Chemistry
Surface Analysis

Surface Roughness

Surface Ch;‘:\rge C C DC



Surface Analysis

; )
‘ H-bond donor ' H-bond acceptor
‘ Aromatic bond

Descriptors

Physical Chemical

Hydrogen Bond
Donor/Acceptor
Density

Reticular Surface
Area

Rugosit
J 4 Aromatic Bond

RMSD, Skewness,

. Density
and Kurtosis

Statistically Derived Interaction Data
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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
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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




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 - 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
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CSD-Particle — Surface Analy5|s '
@
] @ i s
- - ‘ .
C50-Particle  C5D-Discovery . . « »
0' Surface Analysis... ACSALA x g |
) Morphology L ‘ ° T
o
i Analyse <
| Slip Planes... " 2
Select surface orientation (hkl) and offset (o) R
Surface Analysis... ; &
AL (B2 - M - - (0 = |0 = |2 (=1 o: |0.00 = Preview Slal e )
n b h = i = = = ] lsb
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] 4

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: Zi11 RMSD: 2.273
Skewness: 0.052 Kurtosis: 1.729

Display Options
Surface colouring: Atom Properties w
Opacity: (%) []
] Periodic View ] Hide Malecules
Atom P ti
SEsts 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 Analy5|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 ‘. e
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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