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Introduction

Searches n
This workshop shows you how to analyse Crystal Packing Similarity in Mercury. crystal_comparison_4 ~ | Options
The Crystal Packing Similarity tool allows you to easily interpret crystal packing reference  comparison molecules in cor RMS reference
trends by quick comparison with data available in the CSD. URUCAM  URUCER  30outof3D 009%  groupl

The crystal packing similarity calculation is intended to compare multiple
structures of the same compound, and faciltates comparison of structures with
reference(s) on a one-to-one, one-to-many, many-to-one or many-to-many basis.
You can supply structures from loaded databases, refcode lists, ConQuest hits
and more. The packing comparison can be tailored to the particular system of
interest, principally by specifying the size of the molecular cluster for comparsion
and setting geometric preferences. More advanced options allow for a degree of
chemical variability between strutures, as well as to disregard the smallest
molecular component. In this way, different solvates and co-crystals can be
compared.
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Learning Outcomes Az ) % P
After completing this workshop, you will be able to use the Crystal Packing L L %l ’1 A -
Similarity tool in Mercury to analyse structures that form hydrates. )Q) v 5 b
B R U8 &
This workshop will take approximately 20 minutes to be completed. The words in ﬁ}(}’ i , 'f
Blue Italic in the text are reported in the Glossary at the end of this handout. & g " ﬁ ‘)d(
Lyt Ly
Pre-required Skills ’ E N ey
The following exercise assumes you have a working knowledge of the basics of il ‘\ '
visualizing structures with Mercury, namely, how to display and manipulate ‘L 0
structures from a 3D coordinates file. A summary guide to the Mercury interface Ly 1
is provided at the end of this worksheet. Sl g

Materials
There are no additional materials required for this workshop.
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Example 1. Crystal Packing Similarity

Crystal Packing Similarity functionality in CSD-Materials can be used to examine
the packing similarities within a family of polymorphic structures, as well as
anhydrous-hydrated and non-solvated-solvated pairs. This example examines the
crystal structure similarity between an anhydrous-hydrated pair for trans-rac-4-
((4-(dimethylamino)phenyl)diazenyl)-N-(1-phenylethyl)benzamide. The similarity
between the anhydrous-hydrated pair can give further insights about the

hydration process and the ease of incorporating or removing water within the CSD entry URUCAN (left) and URUCER (right), which are respectively anhydrous and hydrated
crystal structure of a material. forms of trans-rac-4-((4-(dimethylamino)phenyl)diazenyl)-N-(1-phenylethyl)benzamide.
O , | Structure Navigator g X 4 — [ s
1. Open Mercury by double-clicking the Mercury icon on the desktop. _ Structure Navigator & X [
URUCAN Find
URUCER Find ‘ Display Options
2. Inthe Structure Navigator toolbar type the refcode “URUCAN”. Crystal Structures ~ ! Display
Crystal Structures ~
; ; LRUBUF URUCAN = [ sh
3. Toggle on the Multiple Structures feature below the Structure Navigator. URUCAM | 4
URUCEQ I Asymmetric Unit |[] H-E
URUCAN 0
4. Now, in the Structure Navigator type “URUCER”. You will now see in the 3D URUCEQ Siﬂgﬁj{ - Auto centre
visualizer both CSD Entry URUCAN and CSD Entry URUCER. As this might URUCER URUCIV el —
however be a bit difficult to visualize, zoom in to appreciate the difference. < >>
B Tree View
5. Toggle on the Packing in the Display Options dialog box below the 3D 3 | B Mutiple structures 6
window. The packing of both structures is now shown. structures...

6. To align the structures, select the view along the b axis from the top-level 7
menu of Mercury.

e LY I rmrrpepps R —

Default view: b e EEC a* b* c*
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7. In the bottom right corner, just below the Multiple Structures tick box, click
on Structures.... In the Colour column, select cyan for URACAN and magenta
for URUCER, or any colour that will facilitate identifying the two structures
for you. Observe: the packing is very similar between the anhydrous
(URUCAN) and hydrated structures (URUCER). Tip: for clarity, change the
Style to Capped Sticks from the drop-down menu in the top toolbar.

Picking Meode: Pick Atoms

Style: | Capped Sticks ~ [ Cc

O |‘— It
= il

8. We will now analyse the packing similarity between these two structures.
Toggle off Multiple Structures.

9. Inthe Structure Navigator type again the refcode “URUCAN".

10. From the top-level menu in Mercury select CSD-Materials > Search > Crystal
Packing Similarity. This will bring up the Packing Similarity Wizard.

0 Multiple Structures

10

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

Rotation is around
O Global rotation centre

Delete All

[ Al 8 A

O Local rotation centres

8 A

Structure

1 URUCAN

2 Delete URUCER

Visible Active
a ]
@ =

Movable

Colour

Cyan ~ None

B Magenta ~ | None

() Move the structure that is nearest the mouse cursor

8 Tree View

O Multiple Structures

Structures...

Search

Calculations
Polymorph Assessment
Co-Crystal Design

Full Interaction Maps...

Hydrogen Bond Statistics...

Hydrate Analyser...
Solvate Analyser...
Aromatics Analyser...
Conformer Generation...

L4 Motifs...

Post Search Options

Crystal Packing Feature... 4
Crystal Packing Similarity...

Manage Searches...

Manage Motifs...

by Element

by Symmetry

by Atomic Displacement
White

Disorder

Light Grey
N Grey
Dark Grey
B Black
Pink
M Red
Orange
Yellow
Light Green
W Green
Light Blue
Cyan
H Blue
M Purple
Violet
Magenta I
Custom...

Custom Carbon...

Structure Navigator

g X

URUCAN

Find

- Crystal Structures

URUBUF
URUCAM
URUCAN
URUCEQ
URUCER

~
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11.

12.

13.

14.

15.

First, we need to add the structures to compare. In the Packing Similarity
Wizard, under Reference Structure click Add Refcode. In the Enter Refcode
pop-up type “URUCAN", then click OK.

Repeat the same procedure as Step 11 to add the comparison structure:
under Comparison Structure, select Add Refcode and in the Enter Refcode
pop-up type “URUCER” (you will need to overwrite the URUCAN refcode
suggested), then click OK. Now click Next to continue with the settings.

Under Select Options in the Packing Similarity Wizard, type 30 molecules as
Size of molecular cluster to compare. Leave the other settings as default and
click Next.

You have more options for your crystal packing similarity search. For this
example, leave everything as default and click Next.

Note that the name of the search is given automatically as
crystal_comparison_1, you can change this if you want. We will leave this as
default for this exercise. Click Compare to begin the Crystal Packing Similarity
Search.

12

1

@ Packing Similarity Wizard 13 0 Packing Similarity Wizard
Select structures to compare Select Options
This tool allows you to identify similarity in crystal packing between Packing shell size

structures containing the same compound. Al structures added to the
‘reference’ list will be compared with all structures added to the
'comparison’ list.

Reference Structures Comparison Structures
URUCAN URUCER Geometric tolerances
Distance tolerance: 20 %
Angle tolerance: 20 degrees
Select.. Select..
Add Refcode.. Add Refcode..,
Remaove Remaove

Default

Compare < Back Cancel

Compare

@ Packing Similarity Wizard o Enleifitods ;
Select structures to compare
Refcode:| URUCAN
This tool allows you to identify similarity in crystal packing between
structures containing the same compound. All structures added to the Refcode | URUCAN
‘reference’ list will be compared with all structures added to the Family:

‘comparison' lst.

Reference Structures

Comparisen Structures

]

Select...

Add Refcode...

Remove

Compare

Size of molecular cluster to compare: molecules

| Filter comparisons that do not have all 30 molecules in common

< Back

< Back Cancel

Select...

[ Enter refcode family

Add Refcede...
Remove Cancel
Next > Cancel
@ Packing Similarity Wizard
14
Select Options
When comparing crystals
[ Allow molecular differences @ Allow structure inversion
] Ignore hydrogen positions O Ignore each atom's hydrogen count
@ Ignore bond types [ Ignore each atom's bond count
When comparing multi-component crystals
O Ignore smallest molecular components
When comparing Z' = 1 crystals
@ show only the highest similarity result
Default
Compare < Back Cancel
15 0 Packing Similarity Wizard

Enter a name for this search

Enter Search Name

crystal_comparison_1

< Back Cancel
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16. Once the search is completed, the outcome will appear in a table in the 16 | e g X
Searches toolbar on the right-hand side and the structures selected are crystal_comparison_1 ¥ ] | Opftions ~
displayed in the 3D visualizer. The table shows how many molecules the two reference  comparison  moleculesin com RMS  reference
structures have in common, in this case 30 out of 30, and the RMS, which in URUCAN  URUCER  30outof30  00%  group!
this example is 0.096, very low. The lower the RMS the more similar the
structures are.

Show Structure

17. The 30 molecules compared are highlighted in the 3D display viewer of o O Reference O Comparison @ Both
Mercury. You can toggle different options in the Show Structure box to show missed matches
visualise only the reference structure (Reference - carbon atoms in grey), only (O Group by similarity
the comparison structure (Comparison — carbon atoms in green or red based Post Search Options 7 x

on whether they match or not), or both overlapped. By default, only matching
molecules are shown, but you can tick the Show missed matches box to
display non-matching molecules. In this example it is greyed out as all
molecules are a match.

crystal_comparison_1 complete
Would you like to:

Save Results...

Edit Search...
18. In the Display Options toolbar under the 3D visualizer, in the Options box

toggle on the Show cell axes dialog box to see which molecules in the unit cell

were compa red. These options are also available via the options button located at
the top right of the searches window

Filter Results...

Options
@ show hydrogens [ Depth cue Structure Navigator 5 X

B Showcellaxes ] Z-Clipping

18

[ Label atoms Stereo
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Conclusion
In this example we used the Crystal packing Similarity search tool to compare the
anhydrous and hydrate forms of trans-rac-4-((4-

(dimethylamino)phenyl)diazenyl)-N-(1-phenylethyl)benzamide. We found that
for the cluster size analysed (30 molecules) the two forms have 30 out of 30
molecules in common and a low RMS. This data can inform further analysis of the
structures and support further insights about the hydration process,

Exercises

1. Perform a Crystal Packing Similarity study for the triamcinolone acetonide
acetate pair, refcodes IJUTAJO2 (anhydrous) and QANVAF (monohydrate).
What do you observe?

e You will note that not all the anhydrous-hydrated pairs are similar. In this
case only 1 out of 30 molecules are similar and the RMS is much higher,
at 0.327.

2. Compare the VAWWEX-VAWWOH anhydrous-hydrated pair of structures
using the Crystal Packing Similarity search. What is the RMS? Is this pair very
similar in packing?

Searches

crystal_comparison_2

w

g x

Options *

reference
UTAJD2

comparison  meoleculesin cor RMS

QANVAF

1 out of 30

0327

reference

groupl
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Summary

This workshop illustrated the use of the Crystal Packing Similarity tool of the CSD-
Materials suite to compare hydrated and anhydrous pairs of crystal structures.
You should now be able to:

e Utilise the Multiple Structures feature in Mercury in conjunction with the
Packing display tool

e Apply the Crystal Packing Similarity tool to pairs of structures, and
evaluate structural differences.

For reference, the Mercury User Guide can be found here.

Next Steps

If you have enjoyed this workshop you may also like to explore the “Motif and
Packing Feature Search” self-guided workshop (MAT-006), which can be found
from the CSD-Materials self-guided workshops Web page
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-
materials/csd-materials-workshops/. If you would like to see how Crystal Packing
Similarity was applied to identify similar packing of an optoelectronic system with
structures in CSD, see this paper: https://doi.org/10.1021/acs.cgd.1c00177.
Additionally, to see how many similar anhydrous and hydrated pairs are in CSD,
explore this publication: https://doi.org/10.1002/chem.201404693.

Feedback

We hope this workshop improved your understanding of Crystal Packing
Similarity in Mercury and you found it useful for your work. As we aim to
continuously improve our training materials, we would love to hear your
feedback. Follow the link on the workshop homepage and insert the workshop
code, which for this self-guided workshop is MAT-009. It will only take 5 minutes
and your feedback is anonymous. Thank you!



https://www.ccdc.cam.ac.uk/support-and-resources/documentation-and-resources/?category=All%20Categories&product=Mercury&type=User%20Guide
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/csd-materials-workshops/
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/csd-materials-workshops/
https://doi.org/10.1021/acs.cgd.1c00177
https://doi.org/10.1002/chem.201404693
https://www.surveymonkey.co.uk/r/CCDC-Online-Workshop
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Glossary

Hydrates and solvates

A hydrate is a crystalline form containing water in addition to one or more other
components. This generally excludes water coordinated to metal ions. The
anhydrous form, or anhydrate, is the crystalline form excluding water but
otherwise containing the same components as the hydrate.

Solvates are closely related to hydrates, except that they have solvent
incorporated into their structure, rather than water.

Molecular cluster
A group of molecules, of a specified number, which are nearest neighbours to a
reference molecule.

Polymorph

Polymorphism is the occurrence of two or more crystalline forms of the same
substance. Where available, polymorph information can be displayed for
Cambridge Structural Database (CSD) structures. Structures known to be
polymorphic contain comments which include the word polymorph (when
reported by the author), e.g., non-triboluminescent polymorph. There is also a
CSD subset of polymorphic structures.

Root Mean Square Deviation (RMSD)

The root mean square deviation (RMSD) is a commonly used measure of the
difference between two sets of values (usually comparing observed data to
estimated data). The RMSD is defined as the square root of the mean squared
error. In Mercury this is used to measure the geometric difference between
packing features or packing patterns in crystal structures.

CSD entry URUCAN (left) and URUCER (right), which are respectively anhydrous and hydrated
forms of trans-rac-4-((4-(dimethylamino)phenyl)diazenyl)-N-(1-ohenylethyl)benzamide.

A molecular cluster, consisting of 30 molecules generated from CSD entry

URUCAN.

Example of polymorphic structures of 4-(1H-Benzimidazol-1-ylmethyl)benzoic acid: the

monoclinic polymorph (CSD Entry ABADIS) at the top, and the orthorhombic polymorph (CSD

Entry ABADIS01) on the right.



MAT-009 10
S
Basics of Mercury Visualization

Mercury is the CCDC’s visualization software to view 3D structures of small
molecules, generate images, and animations of molecules.

4 stoms,
style: [Ball and sock ~ Colour: by Elament

) samee.. | oetautvew: b

In the following we will see some of the basics of navigation and visualization in
Mercury that you will find helpful to support your analysis.

In the Mercury interface we find:

e At the top: list of menus from which we can access visualization and
analysis options, and other CSD components such as CSD-Materials.

e On the right-hand side: the Structure Navigator, with the database
loaded (depending on your licence). The Structure Navigator allows you
to select a refcode to visualize in the main Mercury window.

e Beneath the main display window: Display options toolbar. You can
quickly view a packing diagram, display Hydrogen bonding and detailed
information about the molecule using the More Info option. DL

File Edit Selection Display Calculate CSD-Community

CSD-Care

enents[ 5] O T | O shomtabeis

Structure Navigator

CSD-Materials  CSO-Theory

¢ CSD Pylhon APL Help
ASBHTZ

CSD-Core CSD-Materials CSD-Theory CSD-Particle CSD-Discovery CSD Python APl Help

Crystal Structures
AABHTZ
AACANITO
AACANITT
AACFAZ
AACFAZ10
AACMAL
AACMHX10
AACRHA
AACRHC
AACRUB
AACRUBO1
AADAMC
AADMPY
AADMPY10
AADRIB
AAGAGG10
AAGGAG10
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Display Options
Using the mouse to enhance visualization: L] Packing [] Short Contact < (sum of vdW radii) Contacts... Shous hydrogens
[] Asymmetric Unit D H-Bond Default definition Fe—— [] show cell axes
Al ] e Left mouse button and move — rotate molecules. (] Auto centre [] Label atoms
Powder...

Reset

@Im ° Middle Mouse wheel — move molecules up and down.

. e Right mouse button and move up and down — zoom in

a ‘ and out of molecules.
a

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

Measure

Packing

Selection

Styles

Spacegroup
P-1
P21/c
P21/c
Pben
Pben
P21/c
Pbca
Pncm
P-1

Cc

C2jc
P21/c
P-1

P-1

P21
p212121
P21

[] pepth cue
[] z-clipping

K| |
shift &S - molecules.

— ] Ctrl + Left mouse button and move - translate molecules.

cul [ -

Right click:
a) Near a molecule and
b) Away from a molecule

Selection
Styles
Colours
Labels
Show/Hide

Contacts

Colours
Labels
Show/Hide

Contacts
Picking Mode
View

Rotation Centre

Delete this Molecule

New

Rotation Centre

IsoStar Interactions Check...

Draw Backdrop

Display Options...



