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FAIR datasets for acid dissociation 
constants
by Jonathan Zheng, Ye Li, and Leah McEwen 
Acid dissociation constants (pKas), the physicochemi-
cal properties that govern how acidic a chemical is in a 
solution, are an important type of reference information 
for research in chemistry and related fi elds as they 
govern the behavior of pharmaceutical drugs in the 
human body, environmental impact of molecules, and 
manufacturability of chemical products. To enable the 
use of reliable pKa data in broad practical and theoret-
ical applications, IUPAC compiles values published in 
the literature, critically evaluates these based on estab-
lished methods of assessment and publishes these in 
printed reference works [1-6].

A digital pKa dataset based on high quality compi-
lations from IUPAC that is FAIR (Findable, Accessible, 
Interoperable, and Reusable) can be a trustworthy refer-
ence for chemists to build machines learning models to 
predict pKas of any conceivable organic molecule. Other 
openly accessible online pKa data sources lack critical 
context and metadata regarding the measured prop-
erties, such as the temperature at which the pKa was 
determined, the experimental method or assumptions 
used, the estimated reliability of such data points, and 
so on. 

With permission from IUPAC, an effort to digitize sev-
eral printed IUPAC pKa collections was initiated as part of 
a PhD research project by Jonathan Zheng, a PhD candi-
date in the laboratory of Professor William H. Green at the 
Massachusetts Institute of Technology (MIT). Members 
of the Green Research Group, MIT Libraries, the IUPAC 
Committee on Publications and Cheminformatics Data 
Standards (CPCDS), IUPAC Division V (Analytical 
Chemistry) and the team at PubChem were consulted at 
various points throughout the project. 

More than 20,000 pKa values were extracted from 
scanned text and compiled into a structured dataset. 
Entries were checked both manually and programmat-
ically to review for accurate transcription and ensure 
all metadata and provenance were included. Machine 
readable chemical notations including InChI strings, 
InChIKeys, and SMILES strings were also incorporated 

to enhance reusability and interoperability. Figure 1 
illustrates the workfl ow for the digitization and curation 
process. 

The resulting curated dataset includes 21,147 
entries covering 8,843 unique molecules from three dif-
ferent volumes. Figure 2 illustrates the distribution of pKa 
values across the dataset. The data is available to the 
community under CC BY-NC 4.0 license from the IUPAC 
public GitHub repository and also from Zenodo [7], and 
includes further details on the digitization process and 
accompanying tables of the original literature references 
and evaluation methods. IUPAC groups will continue to 
work on curating the data scanned from the additional 
printed volumes, including disambiguation of less familiar 
chemical names and solution composition information. 
Additional data will become available as well from ongo-
ing evaluation of acid pKa values in polar aprotic solvents 
(IUPAC project 2015-020-2-500). 

This collection of IUPAC evaluated dissociation con-
stants has now become more Findable from citations 
to the DOI, more Accessible through open repositories, 
more Interoperable across data analysis platforms in 
the open CSV format, and more Reusable through the 
open license and descriptive documentation. The inter-
national scientifi c community can apply this FAIR dataset 
to many areas of research. The Green Research group 

Figure 1. Workflow of the digitization and curation process. 
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Figure 2. Distribution of pKa values in the curated dataset. 
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at MIT are already utilizing this dataset alongside other 
openly available thermodynamic data in calculations to 
determine the energies of ions in water. The resulting set 
of calculated hydration energies for over 300 ionic solutes 
will enable further modeling of ions in solution across a 
range of settings. 

Ensuring that scientific data is FAIR for the broadest 
possible use and benefit of the global society is a com-
munity endeavor that involves many stakeholders in the 
research data ecosystem—chemists measuring and 
publishing original research data; other chemists work-
ing on machine learning projects for compelling use 
cases; IUPAC expert volunteers evaluating and curat-
ing property data; chemical information professionals 
who can facilitate testing, documenting, depositing and 
sharing data. IUPAC has a critical role in coordinating 
with the broader community around FAIR chemical 
data, providing standards and expertise in robust chem-
ical data reporting and enabling worldwide access and 
use across disciplines [8-9]. 
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is water purification, pharmaceutical products in the 
environment, photochemical degradation of anthropo-
genic chemicals, plastic pollution, thorium chemistry 
…. whatever …, chemists should join forces and work 
out presentations topic by topic and add them to the 
new Resource section on the IUPAC website. When 
high-quality material is already available on the web, 
there is no reason to duplicate it; include it via link(s) 
(with comments if required) so that the presentations 
on iupac.org become excellent gates to high-quality, 
exhaustive coverage of relevant and urgent topics for 
people with a wide range of backgrounds and compe-
tences in chemistry. These presentations should for 
instance be perfect to use for educational purposes by 
teachers who will be able to make their own presen-
tations adjusted to the students’ level of competence. 

4) Make the NAO Forum a bottom-up meeting 
arena 

This new contact point represents a step in the right 
direction, but the agenda for the meetings should not con-
sist of items the President wants to discuss. A genuine 
problem in the relation between the IUPAC leadership 

and the NAOs has always been the top-down nature of 
the communication between the parties. Unlike the larger 
countries in the Union, the NAOs in most of the smaller 
countries are operated by volunteers that rotate so often 
that IUPAC remains overwhelming even after years of 
engagement. A good indicator for the closeness of contact 
and the ease of communication is the lack of interven-
tions from the members at the biannual Council Meeting; 
very few asks for the floor, and when important issues 
are given a time slot of only 5-10 min, even seasoned 
council-meeting attendees don’t feel invited to intervene.

In my opinion, implementation of these four action 
items will make IUPAC a more interesting organization 
to join, serve, and be associated with. Another likely 
consequence is that IUPAC will become better known 
outside the chemical circles and therefore better posi-
tioned to make an impact through the application of 
the chemical sciences to the betterment of humankind. 
That will indeed be needed in the years to come.
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