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Learning outcomes for today

• How to construct a CSD search using ConQuest.

• How to define 3D parameters in ConQuest searching.

• How to export ConQuest results to Mercury 

• How to analyse results using the Data Analysis module.

• Tips and tricks for effective searching in ConQuest .

• How this functionality has been used by global researchers 
through the exploration of recent case studies.
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Agenda

• Introduction to the CSD

• Show One:  Research exploring Hydrogen and Halogen bonding 

• Show One: Introduction and demonstration of ConQuest and Mercury

• Try One: Hands-on examples

• Explore More: More advanced tips and tricks and case-studies

• Explore More: Quiz and Summary

• Extra time: More time for hands on and Q&A

We will make the 
recording available to you 

in the next few days.

After the session you can 
earn a completion 

certificate for today by 
taking the test.
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The Cambridge Structural Database

Structures 
published 
that year

Structures 
published 
previously

• 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 59 
years

• A trusted CoreTrustSeal 
repository

CSD Refcode: JEKNOC16. 
The 1.25 millionth CSD 

structure determined in 2023. 

1 3 1 5 0 1 7
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Inside the Cambridge Structural Database

Metal-Organic
• Metal Organic Frameworks
• Models for new catalysts
• Porous frameworks for gas storage
• Fundamental chemical bonding

Organic 
• Drugs
• Agrochemicals
• Pigments
• Explosives
• Protein ligands

Not Polymeric
89%

P
o

lym
eric: 11%

Organic
45%

Metal-Organic
55%

At least one transition metal, 
lanthanide, actinide or any of Al, 

Ga, In, Tl, Ge, Sn, Pb, Sb, Bi, Po

Single 
Component

58%

Multi 
Component

42%

ligands

ligands

Links and subsets 
• DrugBank
• Druglike 
• MOFs
• PDB ligands
• PubChem
• ChemSpider
• Pesticide PDB

Additional data
• 13,478 polymorph families
• 174,987 melting points
• 1,075,904 crystal colours
• 951,746 crystal shapes
• 30,275 bioactivity details
• 13,641 natural source data
• > 350,000 oxidation states

The CSD is a database of all the published organic and metal-organic experimental crystal structures
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CSD Subsets
Groups of structures that may be 
more difficult to find in CSD from 

searching alone  

Teaching

MOFs

ADPsDrugs

Pesticides
Best 

representativeCOVID-19

High 
Pressure

Hydrates Polymorphs

Electron 
Diffraction 

MOF 
Dimensionality 

• 1D
• 2D
• 3D

Disorder

• Easy access to the most 
relevant structures.

• Using our in-house and 
external expertise.

• Convenient starting 
point for research and 
analysis.
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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 unique distributions

• > 2 million rings

• > 400K unique distributions

• > 2 million hydrogen bonds

• >30 million Isostar contacts

Images and graphics created using the CSD Python API and Flourish
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Search, visualise, analyse and communicate structural data
Insights into molecular and crystal shape and interactionsCSDCore.

Medicinal & Computational Chemists  Crystallographers & Structural Biologists  Solid Form & Crystallisation 
Scientists  Functional Materials Scientists  Educators  Industry and Academia

Deposit, publish, access and visualise structural data
Free functionality to share and learn from structuresCSDCommunity.

Design of new molecules Generate solid form 
landscapes

Anticipate particle 
properties and behaviour

2 Donors
2 Acceptors

Assessment of solid form 
stability and properties

CSDDiscovery. CSDMaterials. CSDParticle. CSDTheory.

The CSD Portfolio
C

S
D

E
n

te
rp

ri
se

.

MercuryConQuest
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Agenda

• Introduction to the CSD

• Show One:  Research exploring Hydrogen and Halogen bonding 

• Show One: Introduction and demonstration of ConQuest and Mercury

• Try One: Hands-on examples

• Explore More: More advanced tips and tricks and case-studies

• Explore More: Quiz and Summary

• Extra time: More time for hands on and Q&A

We will make the 
recording available to you 

in the next few days.
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Structure searching

ConQuest

Desktop Web Browser Programmatic

WebCSD /
Access Structures CSD Python API

Learn on demand 
with the 
CSDU 
modules!
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DIST1

ANG1

ANG2

What is ConQuest?

• Enables search and retrieval  of 
information from the CSD

• Provides full range of text / 
numeric database search options

• More complex search functionality 
includes:
• Chemical structure searching 

• 3D Geometrical searching

• Intermolecular non-bonded contact 
searching
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ConQuest: Opening and search options File menus

Tab options/views

Search options
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How to search in ConQuest
1. Build a Query: 2. Click search and select 

filters: do you need to 
restrict your search?

what do you 
want to find?

3. Visualise and analyse 
results: what can you learn 
from this data?
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Draw

Define atoms, bonds or molecules to be 
searched

Define lengths, angles, torsions or geometric 
objects e.g. planes or centroids as parameters 

to be searched

Ring template selector or builder

List of templates for challenging structures e.g. 
adamantane

Select specific or general 
atom types/functional 

groups

Select bond 
type

Additional menu 
options to explore



23

ConQuest – Draw/Structure search

Left click in space 
to add an atom

Left click and drag 
from an atom to 
attach an atom

Right click on an 
atom or bond to 
edit or add extra 
properties to it
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Results Query highlighted

Total 
number of 

search 
results

Link to 
deposited 

CIF file

Link to the 
publication

Link to the 
International 

Tables

A hit list of 
structures by 

Refcode

Different 
ways to view 
the results

Analyse hitlist
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3D searching

1. Draw your substructure

2. Click Add 3D

3. Select parts of the 
structure you are 
interested in

4. Define the parameters 
you want to analyse

5. Search or store your 
query

6. View the results

7. Analyse the hit list
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Search 
highlighted in 2D

Parameters 
displayed
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Data analysis

Parameter 
displayed



28Mercury Overview

AABHTZ

Explore over 
1.25 million 

curated 
structures

More advanced 
functionality to analyse 

and learn from structures

v

Display 
options to 

visualise and 
navigate 

structures
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Show One: Demo of ConQuest and Mercury

• In this demo we will use ConQuest and Mercury to follow one of 
         ’    v    g          Cryst. Growth Des. 2024, 24, 2, 859–870.

Catharine Esterhuysen, Cryst. Growth Des. 2024, 24, 2, 859–870. DOI: 10.1021/acs.cgd.3c01343

• Construct a 3D search on ConQuest.

• Export results to Mercury.

• Use the Data Analysis tool to explore 
Hydrogen Bonded R2

2(8) Rings.  

We will make the 
recording available to you 

in the next few days.

https://doi.org/10.1021/acs.cgd.3c01343
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Try One: hands-on exercise

It’s your turn!

• Try the example from the handout.

• Your tutors are on hand to help you!

• To ask questions during this time 
type a message in the chat box.

These exercises follow research 
in another recent article:

• J. Echeverría and S. Alvarez, Cryst. 
Growth Des., 2024, 24, 4743–4747. 
DOI: 10.1021/acs.cgd.4c00335

https://info.ccdc.cam.ac.uk/2024-autumn-virtual-workshop

We will make the 
recording available to you 

in the next few days.
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Agenda

• Introduction to the CSD

• Show One:  Research exploring Hydrogen and Halogen bonding 

• Show One: Introduction and demonstration of ConQuest and Mercury

• Try One: Hands-on examples

• Explore More: More advanced tips and tricks and case-studies

• Explore More: Quiz and Summary

• Extra time: More time for hands on and Q&A

We will make the 
recording available to you 

in the next few days.REC
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Intermolecular interactions and packing

• To go further you can look at the packing environment of the 
molecules using a range of tools.

• Using the CSD for context (unusual hydrogen bond parameters for 
example) as well as enabling comparison of structures.
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Searching within Mercury

Motifs
Crystal Packing 

Feature
Crystal Packing 

Similarity

• H-bond motifs  

22.3%

37.7%
1.5%
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Crystal Packing Feature Search

• Perform a substructure search

• Investigate conformations of 
molecules or bonded 
fragments.

• Search for:
• non-covalent interactions such as 
- or hydrogen bond 
interactions.

• particular spatial arrangements of 
functional groups.

• particular spatial arrangements of 
molecules.

Q   y      …H-N 
interaction as found in a 
thioamide derivative 
(DUXXOJ01)



36Searching within Mercury: Crystal Packing 
Feature

• Pick a feature from the current structure in Mercury

• Search the whole CSD or within ConQuest hitlist

Packing 
Feature 
Search



37Crystal Packing Feature : Selecting a 
Feature

Pick atoms from 
current structure 
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Crystal Packing Feature: Selecting Options

Picked fragment 
of structure 

Add constraints if 
required

Select search tolerance for 
RMSD calculations



39Crystal Packing Feature: Selecting 
Parameters 

Select 3D 
parameters (like in 

ConQuest) Summary of 
selected 3D 
parameters



40Crystal Packing Feature: Selecting Search 
Structures

Choose 
database to 

search – this can 
be the CSD or 
ConQuest hits
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Crystal Packing Feature: Launching Search

Name the search 
and run it
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Crystal Packing Feature: Viewing Results

Open 
spreadsheet of 
search results
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Crystal Packing Feature: Viewing Spreadsheet

Click on a column 
in the spreadsheet 
to analyse results
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Crystal Packing Feature: Analysing Results

Plot graphs 
and conduct 

other 
analysis
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Try the feature!

• CSD-Materials self-guided workshops: 
https://www.ccdc.cam.ac.uk/community/
training-and-learning/workshop-
materials/csd-materials-workshops/

• “M         y   l P  k  g F         d 
  y   l P  k  g     l    y       ”

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/
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How are others using ConQuest and Mercury?

Samuel Tetteh, Cryst. Growth Des. 2024, 
24, 1, 506–513.

Mercury in Action: A Geometry Analysis 
on Complexes With 2,2′-Dipyridylamine 

ConQuest in Action: Introducing 
Intramolecular π-Interactions into 

Heteroleptic Complexes

Catherine Housecroft, et al., Cryst. Eng. 
Comm 2023, 25, 3000–3012.

CSD in Action: How Metal Ammine 
Complexes Interact With Aromatic Rings

   ž    D. Z   ć et al. Cryst. Growth Des. 
2024, 24, 4, 1705–1714.
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Want to explore more?
On-demand training resources
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Free online training courses

https://www.ccdc.cam.ac.uk/community/training-and-learning/csdu-modules/

On-demand modules to 
learn how to use the CSD 
software at your own pace.

Visualization 101

Helping you to learn:
• The basics of Mercury software.
• How to explore and pack 

structures.
• How to create high resolution 

images.

CSD Python API

Helping you to learn:
• How CSD entries are 

represented in the API.
• How to access CSD entries 

programmatically.
• How to read different file 

formats.
• How to run a search and 

output results.

CSDU

Mercury Python 
API

GOLD
Docking

Mogul ParticleFIMs

With 
completion 
certificates!

WebCSD
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More learning events

CCDC Virtual Workshops

• 5th Nov CSD-CrossMiner: Introducing 
interactive pharmacophore searching across 
the CSD and the PDB.

CHEMAI Virtual Satellite Event

• 27th Nov Unlocking CSD data for Functional 
Materials innovation.

CCDC Webinars

• Coming soon! The CCDC also regularly host 
webinars alongside these workshops. Check 
out our website, social media or sign-up to our 
newsletter to stay up to date.

https://www.ccdc.cam.ac.uk/community/events/
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