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The data management puzzle



The data management puzzle

We start with a sample. 

It has various characteristics, most 

importantly an identifier

sample



The data management puzzle

We run tests on it, creating 

instrument datasets and reports.

Now we have a data collection.

The sample identifier is the 

metadata that establishes the 

connection between the sample 

and its spectra. 

sample

spectra



The data management puzzle

We think on this. 

(Or pass it to AI??)

sample

spectra analysis



The data management puzzle

Our goal is to make a connection 

between sample and structure. 

Note how indirect this is!

sample

spectra analysis

structure



The data management puzzle

But, in the end, we often just deliver 

two of the four pieces – the structure 

and the spectra.

We call this a compound association

spectra

structure



The data management puzzle

The goal of IUPAC Project 

2019-031-1-024 is to develop 

standards for the maintenance and 

presentation of these relationships.

The overall context is much larger 

than just “SI for a paper”.

sample

spectra analysis

structure



The data management puzzle

The goal of IUPAC Project 2019-031-1-024 is to develop standards for 

the maintenance and presentation of these relationships throughout 

the entire research workflow.
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IUPAC FAIRSpec Principles

1. FAIR Management of data should be an ongoing concern.

A. FAIR management of data must be an explicit part of research culture. 

B. FAIR management of data should be of intrinsic value. 

C. Good data management requires distributed curation. 

D. Experimental work is by nature iterative. 

What it means to be FAIRSpec Ready:

■ Don’t wait until publication time to organize your data!

■ Recognize the ongoing value of well-organized data.

■ Find (or create!) the right tools for the job.

■ Allow for corrections and addition of new information.



IUPAC FAIRSpec Principles

2. Context is important.

A. Digital objects are generally part of a collection. 

B. Chemical properties are related to chemical structure. 

C. Data relationships are diverse and develop over time. 

D. FAIR management of data should allow for validation.

What it means to be FAIRSpec Ready:

■ Recognize context – a day’s work, a project, a team effort.

■ Associate spectra with chemical structure, if you can.

■ Allow for ambiguity and reconsideration of these associations.

■ Find ways to validate your structural and spectral analysis.



Examples of Stucture Representations

… a 2D or 3D image 
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… a MOL file 
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… a CDXML (ChemDraw) file 



Examples of Stucture Representations

… a SMILES or InChI string 

C[N]1C=NC2=C1C(=O)N(C)C(=O)N2C

InChI=1S/C8H10N4O2/c1-10-4-9-6-5(10)7(13)12(3)8(14)11(6)2/h4H,1-3H3



Examples of Spectroscopic Representations

… a spectrum image   



Examples of Spectroscopic Representations

… a linear description 



Examples of Spectroscopic Representations

… a JCAMP-DX file ##TITLE= Beta_Pinene

##JCAMP-DX= 6.0 $$ MestReNova 14.0.1-23559

##DATA TYPE= NMR SPECTRUM

##DATA CLASS= XYDATA

##ORIGIN= Mestrelab Research S.L.

##OWNER= skim592

…



Examples of Spectroscopic Representations

… an instrument dataset



The IUPAC FAIRSpec Solution

Our solution is to enable authors and data managers to create what we are calling a 

“FAIRSpec-ready” collection. Then let automation take that the rest of the way to 

an IUPAC FAIRSpec Collection with its associated IUPAC FAIRSpec Finding Aid.

We have tested this with over a dozen datasets, and it works. 



The IUPAC FAIRSpec Finding Aid

JSON serialization



The IUPAC FAIRSpec Finding Aid

Web page interpretation

fully customizable display



The IUPAC FAIRSpec Finding Aid

Web page interpretation

value-added content



The IUPAC FAIRSpec Finding Aid

Web page interpretation

selective access to 

representations

examples2/icl-14635
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The IUPAC FAIRSpec Finding Aid

Web page interpretation

metadata searchability

examples2/v6-acs
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The IUPAC FAIRSpec Finding Aid

Web page interpretation

substructure searchability

examples/v4-acs
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The IUPAC FAIRSpec Collection – Local Implementation

allows for immediate customized in-lab 

access to project data and analyses



The IUPAC FAIRSpec Collection – Public Implementation

allows for controlled access

via a repository and web-based portal 



The IUPAC FAIRSpec Collection – Publication Implementation

allows for customized post-publication 

interactive access to supporting information



IUPAC FAIRSpec – six take-aways

■ We have created a standard for spectroscopic data management.

■ The standard focuses on data collections and their finding aids.

■ “FAIRSpec-ready” collections are easy to create and manage.

■ IUPAC FAIRSpec Finding Aids are created using automation.

■ Collections can be private (sample-based) or public (compound-based).

■ Standardization provides a basis for value-added opportunities that can 

be customized to suit the context.



Thank you for your attention

Bob Hanson hansonr@stolaf.edu

IUPAC Project https://iupac.org/project/2019-031-1-024

GitHub Project https://github.com/IUPAC/IUPAC-FAIRSpec
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