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FAIRies in the age of AI 
Findability
Accessibility 
Interoperability 
Reuse 

Qualitity  Trustworthy &Transparent
   Curated
   Known uncertainties
   Complete & consistent

Design

Precompetitive  incentivize deposition/usage of data by many stakeholders  

Sustainable  funding models that demonstrate value



Ghosts

Brown Lady of Raynham Hall
H.C. Provand, Country Life, 
1936

descriptions of ghosts vary widely, from an invisible presence 
to translucent or barely visible wispy shapes to realistic, 
lifelike forms. 
https://en.wikipedia.org/wiki/Ghost, accessed 2/15/2024

• Isolated vs. crude reaction yields
• Other measures used as proxies of yield, especially in HTE. 
• A mandatory conclusion before closing the experiment, which 

could take the form of a drop-down menu in an ELN, with the 
following options:

A. Significant amount of product was detected (success)
B. No significant product was detected, but starting 

material remains
C. Neither starting material nor intended product was 

detected
D. The reaction was not run as intended (incorrect setup, 

physical error, reaction cancelled, other). In this case, 
a free-text comment describing the observation would 
be beneficial, but not essential. 

When is data not data ?
• Inferred data
• Implicit data
• Explicit data

ELN

Legacy

HTE



Trolls
In Old Norse sources, beings described as trolls dwell in 
isolated areas […] may be ugly and slow-witted, and are rarely 
helpful or even dangerous to human beings.
https://en.wikipedia.org/wiki/Troll, accessed 2/10/24 

Higgins et al. Nature Protocols 2022, 17, 179

Analysis of 
172 ELNs

• Extensive use in industry
• Not widely adopted in academia 

• Most are proprietary
• Formats not interoperable
• Limited lifetime

• Data entries inconsistent/incomplete
• Contradictory data 
• Missing data
• Significant data in unstructured text 
• Different languages/units/formats



VISION 
To transform how chemists discover, 
optimize, interrogate, and apply new 
reactions to the synthesis of functional 
molecules through “data chemistry”

ccas.nd.edu @NSF_ccas

• Phase II NSF Center for Chemical Innovation
• Flagship program of NSF Chemistry division
• Seven Phase II CCIs in US 
• Building on Phase I, 9/2019-8/2022
• Phase II started Sept 1, 2022
• $20M over 5 years, renewable once
• Additional funding from industry



CoScientist

FAIR and Data Chemistry
NERF



The Open Reaction Database 

Kearnes et al. JACS 2021, 143, 18820

https://open-reaction-database.org/

1. Provide a structured data format for chemical reaction data
2. Provide an interface for easy browsing and downloading of data
3. Make reaction data freely and publicly available for anyone to use
4. Encourage sharing of precompetitive proprietary data



• Facilitate data intake
• Interfaces to ELNs etc.
• Automated curation

• Prioritize data over format 
• Flexible, structured fields

• Interface to other format/data
• UDM
• Free to use



FAIRify Ghosts and Trolls
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