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Introduction

This tutorial will introduce you to the Solvate Analyser in CSD-Materials.

The Solvate Analyser tool in Mercury provides the user with the ability to quickly
investigate complex solvated structures.

Before beginning this workshop, ensure that you have a registered copy of CSD-
Materials or above installed on your computer. Please contact your site
administrator or workshop host for further information.

Learning Outcomes
After completing this workshop, you should be able to:
e Explore visualisation options.
e Select a solvent and conduct space calculation.
e Investigate hydrogen bonding motifs in solvate structures.
e Analyse disordered solvents.

This workshop will take approximately 45 minutes to be completed.
Pre-required Skills

Familiarity with the Mercury interface is important; you can access the
Visualization in Mercury self-guided workshop on this page. You can find other
CSD-Materials self-guided workshops here.
https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-

materials/

Materials

There are no additional materials required for this workshop.



https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-materials/csd-core-workshops/
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/csd-materials-workshops/
https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-materials/
https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-materials/

MAT-003 3 CHs

0
. g ot
Example 1. Analysing a solvate structure. 0 / NH; PN OH
HN—N o
The physicochemical properties of crystalline materials, such as pharmaceutical Cl
compounds and excipients, can be considerably influenced by the presence of H3C-OH )

solvent molecules within the crystal structure. Solvents are frequently found in
the crystal structures of pharmaceutical compounds, either interacting directly R ) ‘ R A & P
with the host compound or simply filling gaps in the structure. Understanding the 7 W/ R & <Y \/jg’f, e U
behaviour of solvents in these structures is of great importance in pharmaceutical e '\""---'\/ : &'\ N ‘*"'\
industry since this can lead to further understanding and improvement of the ) | <A AL '

crystallization process.

1. \W .. dichloromethane methanol solvate salt

. . ) ¢ [
This example shows how to assess solvate structures using the Solvate Analyser - , C abet Y CSD refcode HAVKIY
within CSD-Materials. The case studies illustrate how to quickly investigate . ;,\' ‘E" S =\
. . . Ny St y vy Gt
complex solvated structures, including structures with more than one solvent, a _S : M~ -
mixture of solvents, co-formers and counter-ions or even disordered solvate
structures.
Structure Navigator 5 X
Solvent selection and space calculation Py Find
Crystal Structures Spacegroup 2
. . . . . HAVKY  P212121
In this section, you will learn how to generate and manipulate solvent space in a HAVKZ  P31/n
salt containing a mixture of solvents. HAVKOE  P212121
HAVKOF P-1
HAVEOG P21/n
HaAavk e Drrm i

1. Open Mercury by clicking the desktop icon, or launching from the Start menu
(Windows), Launchpad (macOS) or command line (Linux).

2. Inthe Structure Navigator window, type the refcode HAVKIY, to bring up the
structure of 6-(4-Ammoniophenyl)-4,5-dihydro-5-methyl-3(2H)-pyridazinone

(-)-tartrate dichloromethane methanol solvate.

3. The structure will be displayed in the 3D visualiser.

4. From the top-level menu select CSD-Materials > Solvate Analyser....
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5. The Solvate Analyser contains 3 tabs with different functionality options.
In the Solvent Selection and Space Calculation tab you can individually select
different solvent molecules within the structure and analyse them
independently. Hold shift and click on the dichloromethane in the 3D
visualiser. Alternatively, you can select the molecule by using the Lasso
selection mode from the top-level toolbar. With the dichloromethane
molecule selected, click on Add Solvent From Selected button to register that

group of atoms as a specified solvent.

Selected.

for each solvent.

Information is now displayed in the table for dichloromethane. Repeat the
same steps for methanol: select the molecule and click Add Solvent From

Methanol information is now added in second column of the table. Double-
click on each cell in the Solvent row, which is interactive, and add the names

o Solvate Analyser

Solvent Selection and Space Cakulation Solvent H-Bonding

| Add Solvent From Selected |Remeve Solvent Calculate Space

Structure Summary

[ Hide all makecutes Packing..

1
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Show Space
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Select Solvent D

Inside Celour _

Inside Opacity ' 045
Outside Colour

Qutside Opacity ' 045

Setings

Probe Radius: 12 A

Approx. Grid Spacing:

=

Calculate using the

‘Contact Surface o
Results
Volume
Defaults

Close
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Results
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Select Solvent
Defauits
Inside Colour
Inside Opacity
Outside Colour
QOutside Opacity
@ solvate Analyser x
Solvent Selection and Space Calculstion Solvent H-Bonding Structure Summary
— E— ] e s ki [P
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Volume (%)
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Volume (A7)
N
A
Show Solvent
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Select Solvent D D
Inside Colour )
Inside Opacity ' 0.45 ' 045
Qutside Colour
Qutside Opacity ' 0.45 ' 045
Close
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8. You can make the solvents easier to see by clicking on the Select Solvent
boxes and change the Style to Ball and Stick from the top-level Mercury
toolbar. Click Calculate Space to generate the solvent space using the default
parameters. This will automatically create a 1x1x1 packing and display the
space occupied by solvents or structural voids.

9. You can change the inside and outside colour of the solvent space. For
instance, click on the Inside Colour of dichloromethane and select the deep

yellow, then click on the Outside Colour and select light yellow.

10. To further explore the location of the solvent space click the Packing...
button. Enter 0.0 to 2.0 for a axis and -0.5 to 2.0 for b and c axes to obtain a
more complete picture of the voids. Click OK and then Calculate Space. Click
b axis from the top-level toolbar to view along it.
dichloromethane solvent forms channels along the a axis, while the methanol
solvent is located in discrete pockets. Select the view along a axis. A double
column of dichloromethane molecules is filling the channel space and one

methanol molecule is occupying the discrete pockets.
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Investigating H-bonding

In this section you will learn how to quickly analyse solvent H-bonding motifs.
To go back to the initial view click Reset in the Display Options area of the
Mercury interface.

11. Check on the Solvent H-Bonding tab. This shows an automated analysis of
the H-bonding environments of the solvate molecule(s). This is a quick way
to investigate the H-bonding in complex solvate structure. The methanol
molecule is involved in two H-bond interactions with the tartrate. There is
one donation and one acceptance each from 08 of the methanol molecule.

12. To identify the atoms involved in H-bond interactions toggle on the H-Bond

check box in the Display Options dialogue box.

13. Display the atoms labels and expand the contacts by clicking on the hanging

atoms (red dotted line).

Generating summary reports

14. To generate solvent analysis reports, select Structure Summary tab in the
Solvent Analyser dialogue box. You can customise the information that is
displayed in this tab and output in your report by using the Configure...
button. Once you are happy click on Save As... button to save a report in
Word (DOC) or HTML format.

12
W

. 08
[] Short Contact < (surn of vdW radii) o o A,
H-Bond User defined
- 04
13
Show Labels for | All atoms * with | Atom Label -

11 0 Solvate Analyser

Solvent Selection and Space Ca\:ulauunl Solvent H-Bonding |smmre Summary

Number

Donor mol. Acceptor mol. Donor atom H atom Acceptor atom Length Length-VdW Symm. op. D Symm. op. A
1 Methanol non-solvent m 08 H24 u 02 1.827 -0.893 -lexyz Xz
2 non-solvent Methanol mO4 H16 u 08 1.746 -0.974 XYz Xy
Close
[
Solvent Selection and Space Calculation Scivent H—Bcnd'm4 Structure Summary |
Identifier HAVKTY

14 Compound Name  (R)-(-)-6-(4-Ammoniophenyl}-4,5-dihydro-5-methyl-3(2H)-pyridazinone (-)-tartrate dichloromethane methanol solvate
02 HOS
L 06H
03
04H 07
CH,
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08H
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—
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Name Formula Volume(A3) Volume (%) Probe Radius (A)
dichloromethane C1H2 Cl2  517.88 22.5 1.2
Solvent volume methanol ClH401 241.57 10.5 1.2
Total 759.43 331 1.2
Cell Lengths a7.162(3) b 8.026(3) € 30.96(2)
Cell Angles @90 B 9090
02 Cell Velume 2206.99
1 Space Group P 2,2, 2, (19)
Temperature (K} Room Temp.(283-303)
R-Factor (%) 9.84
Formula Cyy His N30 7, CsHs 05 ,CH; Cl, CHs O
-
7 2:471
08 Density (CCDC)  1.36

Configure...

Close.




MAT-003 7

Example 2. Exploring disordered solvate structures.

One advantage of using the Solvate Analyser tool is the ability to quickly generate
solvent space for complex, disordered solvents.

In this example you will learn how to display solvent space for disordered
structures.

2’-(indol-3-yl)-2-oxospiro(indoline-3,4’-pyran) derivative ethanol methanol

solvate PACMIR

1. Open Mercury by clicking the desktop icon, or launching from the Start menu Struchure Navigakor 8 X

(Windows), Launchpad (macOS) or command line (Linux). 1 2

PACMIR Find

2. Inthe StruFture Navigator window, type the refcode PACMIR, to bring up the Crystal Structures Spacegroup N

solvated disordered structure.

PACMIR P-1
. PACMIS P212121
3. From the top-level menu select CSD-Materials>Solvate Analyser.... PACMOV  C2/c
o _ PACMOW  P21/n

4. In the 3D visualiser select all the methanol atoms using the lasso tool then PACMOX  P21/c

click on Add Solvent From Selected. DAFMAOY D7 i b

e S-S

5. Repeat the same steps for the ethanol molecule again using the lasso tool.

CSD-Materials = CSD-Theory  CSD-P

& Search L Y|

Calculations r L
1 =]

Polymorph Assessment
Co-Crystal Design L

Full Interaction Maps...
Hydrogen Bond Statistics...

Hydrate Analyser...
Solvate Analyser...

Aromatics Analyser...

Conformer Generation...

|Add Solvent From Selected

DASH has moved

|.ﬁ.dd Solvent From Selectedl

b [O] %




MAT-003 8

6. Type the solvent names into the Solvent row. Toggle on the Select Solvent
check boxes and change the Style to Ball and Stick from the top-level toolbar.
Click on Calculate Space to generate the solvent spaces in the crystal lattice.

7. To further explore the location of the solvent space click the Packing...
button. Enter 0.0 to 2.0 for a and b axes and -0.6 to 2.0 for c axis. Click OK
and then Calculate Space. Click b axis from top-level toolbar to view along it.

8. How many molecules of methanol and ethanol occupy the pockets?

9. How does the solvent space of the two different molecules intercalate with
the parent molecule within the crystal lattice?
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Conclusion

In this example, we have explored how to generate solvent space for complex,
disordered solvents. By selecting all ethanol disorder sites, the generated solvent
space reflects the available space rather than the space that could be occupied
concurrently. Since the disorder sites for ethanol are not occupied at the same
time selecting only one set of atoms at a time leads to 0 for the calculated space.
This should be kept in mind when using the tool on disordered solvents.

Summary
We have applied the Solvate Analyser tool for several structures, including
systems with a mixture of solvents and disordered solvent. You should now be
able to:

e Select a solvent and calculate the solvent space.

e Change the colour of the solvent space.

e Investigate hydrogen bonding motifs.

e Generate a summary report.

e Explore disordered solvate structures.

Next Steps

Hydrogen bonding was briefly mentioned in this workshop; to further explore
hydrogen bonding networks, we recommend working through our workshops on
using the Hydrogen Bond Propensity tool in Mercury that is available from the
CSD-Materials workshops page:
(https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-
materials/csd-materials-workshops/). Other analyses tools in the CSD-Materials
suite that can offer more insights into your structures are the Aromatics Analyser
and Hydrate Analyser tools. You can find self-guided workshops on these tools
also in the CSD-Materials workshops page.

Feedback

We hope this workshop improved your understanding of the Solvate Analyser and
you found it useful for your work. As we aim to continuously improve our training
materials, we would love to hear your feedback. Click on this link to a survey (link
also available from workshops webpage), it will take less than 5 minutes to
complete. The feedback is anonymous. You will be asked to insert the workshop
code, which for this self-guided workshop is MAT-003. Thank you!



https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-materials/csd-materials-workshops/
https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-materials/csd-materials-workshops/
https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-materials/csd-materials-workshops/
https://www.surveymonkey.co.uk/r/CCDC-Online-Workshop

