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NIST – History of publishing managing data
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InChI and data management
• Data applies to something.

• Is there any value in data which corresponds to an undefined object?
• Types of errors

• Numerical
• Units of measure
• Wrong object!  Bad, really bad!

• When something is an atom or molecule.
• Good news:  people have been working on describing these systems for some 

time.
• Bad news:  there is a reason people have been working on this problem for 

some time
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InChI is a tool!
• Well known useful properties

• Canonical representation of molecule
• Modular structure enables discovery of related species
• Search engine friendly hash

• Limitations
• Labor: drawing or finding structures
• Can’t deal with poorly defined systems
• Chemists are human

• A craftsman chooses and uses tools carefully!
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NIST Chemistry 
WebBook
• A collection of data 

compilations
• Many developed by small 

groups of scientists
• Historical data – not designed 

to integrate with other 
databases

• Challenges
• Combining data from databases 

with vastly different designs
• Helping users find data (SEO)
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InChI and the NIST Chemistry WebBook
• Database development

• Draw structures, find matches

• Identify species across data collections
• Are these species the same?

• Create invariant URLs
• Inbound links

• Identify isotopologues
• Help users find data

• Internet search engines 
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Database development
Skilled chemist
• Acts on analyses:  updates 

data or finds error in analysis

Skilled chemist
• Abstracts data (including 

identifiers:  name, CAS #, etc.)
• Draws or obtains structures

Chemical informatics person
• Identifies duplicate structures  InChI!
• Identifies “bad” structures  InChI makes 

this easier (disconnections, undefined stereo)
• May identify values inconsistent with the 

structure
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Identify species across data collections
Merging data collections based on molecular identifiers can be difficult.

If we are lucky the collections have structures
• Most likely with different drawing conventions
• InChI can still find matching molecules!
• Unless the conventions are really different

• Acid drawn for conjugate base
• Coordination  compounds
• Chrages on nitro groups, ring tautomers, etc.
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InChI is not immune to Murphy’s Law

Nothing is…

• Bad structures can come from numerous causes
• Unexpected hydrogens may present in the structure but not shown 

on the screen
• Where possible, confirm match with other identifiers
• Knowledge of chemistry and likely failure modes is still essential
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Invariant URLs – Use InChI to create link
Pros
• Stable
• Can provide some response for valid InChIs that don’t resolve

Cons
• URLs look ugly

• Characters in InChI need to be URL-encoded
• URLs are long (~2000 character limit in Internet Explorer)

• Why not use InChIKey?
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Invariant URLs – InChI does not resolve
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Invariant URLs – Less than 1% of page views

Screenshot from Google Analytics
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Isotopologues – Parsing InChIs
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Search engines
• Marketing hyperbole:

InChIKey is an important part of a search engine optimization 
strategy for web pages dealing with molecules or atoms!

• But:
• Using “InChIKey + relevant search text” can be a useful search strategy
• “relevant search text” is part of a SEO strategy!

• Search engines don’t know some synonyms
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Search engine example
Screenshot 
from Duck 
Duck Go
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Integrating InChI into work flows

• Chemists should never have to see InChI strings.

• Drawing programs:
• Control them programmatically
• Support chemistry beyond mol file v2000
• Make it easy to show hydrogens?

• In the future this may all be done in web browsers?
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A real problem – Ag+47, InChI=1S/Ag/q+47

Screenshot from CAS SciFinder
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Our most valuable resource
Some of our contributors (NIST Chemistry WebBook): H.Y. Afeefy, J.F. Liebman, S.E. Stein,
Glushko Thermocenter (Moscow), E.S. Domalski, E.D. Hearing, S.G. Lias, H.M. Rosenstock, K.
Draxl, B.W. Steiner, J.T. Herron, J.L. Holmes, R.D. Levin, J.F. Liebman, S.A. Kafafi, M. Meot-Ner
(Mautner), E.P. Hunter, M.E. Jacox, T. Shimanouchi, K.P. Huber, G. Herzberg J. A. Martinho
Simões, J.S. Chickos, W.E. Acree, Jr., Students of University of Missouri – St .Louis (Chem 202 –
Introduction to the Literature of Chemistry), R.L. Brown, R. Sander, E.W. Lemmon, M.O. McLinden,
D.G. Friend, V. Talrose, E.B. Stern, A.A. Goncharova, N.A. Messineva, N.V. Trusova, M.V. Efimkina,
A.N. Yermakov, A.A. Usov, A.A. Leskin, NIST Thermodynamics Research Center (C. Muzny
director), NIST Mass Spectrometry Data Center (W.E. Wallace director), P.M. Chu, F.R. Guenther,
G.C. Rhoderick, W.J. Lafferty, Coblentz Society, Inc., T.L. Myers, R.G. Tonkyn, A.M. Oeck, T.O.
Danby, J.S. Loring, M.S. Taubman, S.W. Sharpe, J.C. Birnbaum, T.J. Johnson, Y-F Su, M.R.K.
Kelly-Gorham, E.J. Heilweil, M. Campbell, K.K. Irikura, T.C. Allison, K.C. Hafner, S.C. Ness, D.X.
Du, J.W. Qiu, A.H. Yang, H.M. Park, J.K. Skerritt, M.S. Shevchuk, M.Y. Liou, N.B. Ravi, S.F.
Dermer, E.N. Ho, E.W. Jin, S.N. Aggarwal, S.N. Pan, D.S. Graham, S.E. Wollman, Y. Niyonzima,
A.M. Newman, A.M. Zhang, A.M. Martin, N. Patel, A. Tran, J. Tseytlin, N. Kau, P.J. Christian, D.H.
Frizzell, J.J. Reed
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The last slide

Links
• NIST Chemistry WebBook:  https://webbook.nist.gov/chemistry/
• NIST Standard Reference Data (SRD):  https://www.nist.gov/srd

Disclaimer
Any mention of commercial products is for information only; it 
does not imply recommendation or endorsement by NIST.

https://webbook.nist.gov/chemistry/
https://www.nist.gov/srd
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