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Graphical representation standards 
for chemical structure diagrams
Prepared for publication in 2008 by

JONATHAN BRECHER, CambridgeSoft Corporation, 100 CambridgePark Drive, Cambridge, MA 02140, USA

Developed by the Task Group for Graphical Representation Standards for Chemical Structure Diagrams:
Chairman: W. Town (UK); Members: J. Brecher (USA), K. N. Degtyarenko (UK), H. Gottlieb (USA),
R. M. Hartshorn (New Zealand), K.-H. Hellwich (Germany), J. Kahovec (Czech Republic), G. P. Moss (UK),
A. McNaught (UK), J. Nyitrai (Hungary), W. Powell (USA), A. Smith (USA), K. Taylor (USA), A. Williams
(USA), A. Yerin (Russia); Corresponding Members: S. Conway (UK), P. Giles (USA), M. Griffiths (USA),
B. Košata (Czech Republic), B. Ramsay (USA).

https://doi.org/10.1351/pac200880020277 

https://www.degruyter.com/document/doi/10.1351/pac200880020277/pdf

Graphical representation of chemical structures by 
humans, for humans.  Best Practices 101, circa 2005

https://doi.org/10.1351/pac200880020277
https://www.degruyter.com/document/doi/10.1351/pac200880020277/pdf
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The chemical information divide
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2020s
Cloud-first, 

Mobile-first, 
Machine-first,

FAIR-first, Open-first

Imagine you wanted 
to make a modern 
scientific resource, 
what do you need  
to focus on?

Receive cloud-based data

Make data accessible 
within cloud

UI/UX from a 
device screen 
size agnostic 
perspective

Use of controlled 
vocabulary and 

machine interpretable 
statements

Sufficient meta data to 
reproduce the science

Use of persistent 
research identifiers

Standards-based 
approaches

Explicit data licensing 
(e.g., CC-BY 4.0, CC0)

Data use cases 
explicitly 
considered

FAIR means “Fully AI Ready” .. also means “Findable”, “Accessible”, “Interoperable”, “Reusable”

This is what it means to be useful for many use-cases



Variability in interpretation by software 
can lead to confusion

Upload

Normalize

Display

Download

• Algorithms normalize
• Sometimes they go wrong
• Can introduce ambiguity
• Later processing results in error

• Cycle



Where has this structure been?
PDB

SDF

InChISMILES

CDX

Chemical file 
format 
interconversion 
can be lossy



With whom has this structure been?
Chem 
Draw

Open Eye

Chem 
Axon

Biovia

Open 
Babel

Different software 
packages may 
‘normalize’ your 
chemical structure 
in different ways



Examples of the 
need for standards 
and best practices 

abound with 
chemical structure 

representation





A chemical structure may be represented in 
many different ways

Salt-form drawing variations are common



Chemical information is not designed for 
computers
• As a chemist, you can 
understand and recognize that 
this picture is the chemical 
acetone
• You can put a chemical name or 
registry identifier next to it
• Is this not good enough?

•Many names for structure
• The computer ‘sees’ a binary 
image not a structure

Acetone
67-64-1

Almost all chemical information is 
geared towards human understanding 

in the form of text and images



Specifically, what do we 
(chemists) need?

• Incentives for researchers to share their data
• Funders/societies/publishers requirement

• Make data sharing easy and machine ready
• LIMS/ELN software that can export data to be 

shared direct to repositories or for publication 
supplementary materials 

• Improved interoperability for machine 
understanding
• Standards and best practices  for sharing 

chemical information (structures)
• Standards for structure formats
• Appropriate terms and terminology
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