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Slides are available at http://www.hellers.com/steve/ICSDV-4-19.pdf

http://www.hellers.com/steve/ICSDV-4-19.pdf
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InChI Project Goal

To create a free, nonproprietary identifier 

for chemical substances that can be 

used in printed and electronic data 

sources, thus enabling easier linking 

and finding of data compilations
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Why InChI? - Too Many Good and Excellent 

Identifiers (“Standards”)

Structure diagrams 

- various conventions 

- contain ‘too much’ information

Connection Tables/Notations 

- MolFiles, SDF, SMILES, SLN,  ROSDAL, …

Pronounceable names (and mostly unpronounceable) and mostly complex names

- IUPAC, CAS 8th CI name, CAS 9th CI name, trivial,  trade, WHO INN, ASK, ISO

(Dumb) Index Numbers 

EINECS, ELINCS, FEMA, DOT, RTECS, CAS, Beilstein, USP, RTECS, EEC, RCRA, NCI, UN, 

USAN,  EC, ChemSpider ID, REACH, PubChem CID, BAN, NSC, ASK, KEGG, BP, IND, 

MARTINDALE, MESH, IT IS, RX-CUI, NDF-RT, ATC, AHPA, USP/NF,  UNII, MFCD#, and so on
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• Anybody anywhere should be able to produce InChI from just the structural 

formula of a chemical substance

• Normalization to make structures of the same compound drawn under 

(reasonably) different styles and conventions close if not identical, which is 

essential for generating the same InChI

• Canonicalization of chemical structure upon generating InChI ensures strict 

uniqueness of the identifier.

• The layered structure allows targeting for specific applications (e.g., adding 

the ability to distinguish tautomers)
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InChI layered structure design
The current InChI layers are:

1. Formula

2. Connectivity (no formal bond orders)

a. disconnected metals

b. connected metals

3. Isotopes

4. Stereochemistry

a. double bond (Z/E)

b. tetrahedral (sp3)

5. Tautomers (on or off)

Charges are added to end of the string

The InChI Algorithm normalizes chemical representation and includes a 

“standardized” InChI, and the ‘hashed’ form called the InChIKey



www.inchi-trust.org



www.inchi-trust.org



www.inchi-trust.org

“Standards are like toothbrushes 

– everyone has one but no one 

wants to use someone else's.”

Phil Bourne,

Former Associate Director for Data Science (Big Data), NIH
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Why has it worked? 

Need

Definition/Specification

Timing/Infrastructure

Acceptance/Use

And a fifth requirement for a standard. First rate staff to 

create, define, program, and deliver
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InChI Trust formed May 2009

Mission

To deliver and support the implementation of the internationally agreed and

widely adopted standard machine-readable chemical identifier, the IUPAC

InChI, that enables global connections in chemistry for the advancement of

science for the public benefit

Vision

We will have a strong community of InChI advocates and users

We will provide a sustainable organizational framework and the required

financial support for the future of the InChI standard
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Three strategic pillars
Global adoption and 

use

Increasing 

engagement with the 

chemistry community 

for the benefit of 

science and business

Maintenance & 

extension of the InChI 

and applications

To facilitate rapid and 

effective research 

discovery and business 

innovation

Governance

To provide an 

organizational 

framework that 

ensures the 

sustainability of 

the standard
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Governance 
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And where are we now?

Where are we going? 

What can we do?

What should we do? 

And where 

are we now?
Where are we 

going?

What can 

we do?

What 

should we 

do?

How far?

Extension vs

application?

Do we widen the 

coverage, to new 

areas (and areas 

well outside 

traditional 

chemistry)?
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Extension 

Organometallics

More Complete Tautomerism

Inorganics

Positional isomers

Polymers

Large molecules

Markush
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InChI for polymers 
• Since v. 1.05, InChI supports regular single-strand polymers. 

• Both structure-based and source-based representation and 

encoding of polymers are supported

• Support of polymers is an experimental feature. To emphasize this, 

InChI/InChIKey for a polymer uses the ‘B’ flag character (for “Beta”), 

instead of ‘S’ or ‘N’ for standard/non-standard InChI. 

• This flag will be replaced by common standard/non-standard 

conventions if and when InChI for polymers is finally adopted. 

• Polymer (‘/z’) layer is a modification layer which is optionally built 

“above” the other layers and does not affect their content. 

• Source-based representation of polymers is based on the chemical 

structures of the starting material(s) with a special indication that the 

structure represents a polymer. 
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Examples
InChI for styrene-butadiene block copolymer, source-

based representation: 

InChI=1B/C8H8.C4H6/c1-2-8-6-4-3-5-7-8;1-3-4-2/h2-

7H,1H2;3-4H,1-2H2/z200-9-12;200-1-8;330-1-12 

InChIKey=MTAZNLWOLGHBHU-ZNVYRHKRBA-N 54 

InChI for polycaprolactam, structure-based 

representation: 

InChI=1B/C6H10O2/c7-6-4-2-1-3-5-8-6/h1-5H2/z101-1-

8(1,2,1,3,2,4,3,5,4,6,5,8,6,8) 

InChIKey=PAPBSGBWRJIAAV-CMRMDLKMBA-N 
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Application 

Reactions

Mixtures

InChI Resolver

QR codes for InChI

InChI open educational resources
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Reactions - RInChI
First release implemented in Biovia software packages Draw, Direct and Pipeline 

Pilot. Used in Beilstein supplementary data 
Planned enhancements

Additional input & output formats (currently restricted to RXN/RD

file format)

Address failing reactions

Workarounds for stereochemistry and tautomer restrictions

Reaction mapping (MapAuxInfo)

Address needs for big data analysis methods

Reaction properties (ProcAuxInfo)

Class code layer for reaction similarity clustering and pathway optimization,

Transform layer for pathway optimization, Reaxys tool
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Mixtures - MInChI
Phase 1 includes a provisional spec of the notation, a pilot 

implementation and test case, and description of several 

target use cases.

The MInChI specification has been implemented as a proof 

of concept in a Mixture Editor tool currently in development 

by Collaborative Drug Discovery. This system is designed to 

parse composition descriptions of mixed substances in a 

number of forms, including information about components, 

concentration and mixture hierarchy.

https://github.com/cdd/mixtures

The next phase of the project will be to transliterate the 

codebase to C++ and incorporate it into the RInChI project. 

This will become the reference implementation version 1.0.

https://github.com/cdd/mixtures
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QR Codes 
c3ta14576j
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How standard?

We have the standard InChI & InChIKey

We have multiple experimental and optional flags

People use InChI in ways that were not intended, and to 

experiment. To what extent should we actively encourage 

this? Is it an identifier or a representation?
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How to support a standard? 

No written standard

Software is the implementation

Centralised expert resource

How should we encourage the best open source practices?

Community input and contributions while maintaining a standard

Governance and funding

Participation through time and money 
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Education and support

This OER initiative, IUPAC project 2018-012-3-024, is being created to provide 

a resource on InChI related resources to assist practicing scientists and 

educators in learning about and benefiting from the use of InChI.

https://www.inchi-trust.org/oer/

https://iupac.org/projects/project-details/?project_nr=2018-012-3-024
https://www.inchi-trust.org/oer/
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Rolling workshops 

Mar 2017 – EBI Hinxton

Aug 2017 – NIH Bethesda

Aug 2018 – Boston MA

Feb 2019 – Cambridge UK 

Aug 2019 – San Diego CA 
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State and Future of the IUPAC InChI

23-24 August 2019

San Diego / ACS National Meeting 

Signup: www.inchi-trust.org
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"Better a diamond with a flaw 

than a pebble without."

— Confucius 
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Questions?


