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• Acidity of molecules in solution is defined in the 
framework of the Brønsted theory via the pKa values

HA    +    S                      A–    +    SH+

• Solvent S acts as a base

• Simplified scheme, valid in polar solvents
• Ion-pairing is not considered

Acidity of molecules in solution

Ka

p𝐾a HA = − log𝐾a(HA) = − log
𝑎(A−) ⋅ 𝑎(SH+)

𝑎(HA)
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Acid (uncharged) dissociation in a polar solvent

• Two ions are formed from a neutral

• Solvation energies differ a lot between solvents

• pKa values are very solvent-sensitive
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Example: Acetic acid
Solvent pKa of CH3COOH Comments

THF 24 Approximate

Acetonitrile 23.5

Propylene carbonate 22 Approximate

Acetone 21 Doubtful

Dimethylformamide 13.5

DMSO 12.3

Pyridine 12 Approximate

Ethanol 10.3

Methanol 9.6

Water 4.76
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Basics

So, we need pKa data in different solvents

This presentation focuses on non-aqueous solvents
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Sources of non-aqueous pKa values?
Where to find pKa data?

https://analytical.chem.ut.ee/HA_UT/


Improvements needed?

• In available collections data quality is not evaluated

• Large discrepancies between authors:

• Phenol in MeCN: 26.6 .. 29.2; Fluorene in DMSO 20.5 .. 22.9; Indole in DMF: 17.6 .. 
21.7; TfOH in DMSO -14.3 .. 0.5; Sulfuric acid in DMF: 3.0 .. 8.4

• Counterintuitive values

• Fluorosulfonic acid in DMF 1.6 .. 2.1; Tf2NH in DMSO 2.0 .. 2.4; Phenol in DMF 6.8

• All these are wrong by orders of magnitude

• The available collections are
• not convenient for cheminformatics

• not machine-readable
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How good are the pKa data?
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Critical compilation of acid pKa values in polar aprotic solvents
• More than 9000 pKa values
• Around to 5000 acids

• Neutral i.e. uncharged acids
• 500+ containing F

• In DMSO, acetonitrile, DMF, pyridine, acetone, propylene carbonate, THF

• Critical evaluation
• Around 2700 pKa values flagged as „doubtful“ or „unreliable“
• Corrected, where possible: around 2400 pKa values

• Published in 

• Data is freely available in Zenodo

• It is a living database
• We will continue adding and correcting data 8

The compilation

Pure and Applied Chemistry, vol. 97, no. 9, 

2025, pp. 973-998.

https://doi.org/10.1515/pac-2024-0276
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Acidity 
center

Compound class
How 

many*

OH Carboxylic acids 520

Phenols 470

Alcohols, enols, NOH 260

SOH, POH, AsOH, Other OH 170

NH Amides, amidines, guanidines 520

Sulfonamides, phosphonamides 270

Aliphatic and aromatic amines 410

Hydrazines, hydrazones, imines 40

Heterocyclic NH acids 600

CH Toluenes, di- and triphenylmethanes 220

Other methylaromatics 60

Cyclopentadines, indenes, fluorenes 240

Other cyclic and heterocyclic 140

Alkynes 50

Esters, ketones, aldehydes, ... 380

Sulfones, phosphanes, phosphane oxides 270

Nitriles, Nitro 170

Other CH 100

Other SH, PH, metal hydrides, other 180 9* Approximate numbers of individual compounds

Compound classes covered



IUPAC Technical Report
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The compilation

• Contents:

• Physico-chemical meaning of pKa values, definitions

• Overview of measurement techniques, their pros and cons, 
sources of error

• Overview of the data, explanations of symbols, 
abbreviations

• Explanations about critical evaluation

• Information about specific solvents

• DOI: https://doi.org/10.1515/pac-2024-0276

• Link to the pKa data in Zenodo:
https://doi.org/10.5281/zenodo.12608876

https://doi.org/10.1515/pac-2024-0276
https://doi.org/10.1515/pac-2024-0276
https://doi.org/10.1515/pac-2024-0276
https://doi.org/10.1515/pac-2024-0276
https://doi.org/10.1515/pac-2024-0276
https://doi.org/10.5281/zenodo.12608876
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Available files
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Good possibility to compare pKa values of the 

same acid in different solvents

Data table
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For cheminformatics and machine-readability:

Canonical SMILES, Isomeric SMILES, Atom-mapped 

SMILES, Acidic center index, InChI, InChIKey

Data table
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Filtered for „trifluoromethyl“

Data table
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Dictionary file



Critical evaluation
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Out of 9713 values:

„Preferred“ 542

Unflagged 6426

„Doubtful“ 1932

„Unreliable“ 813 

In the lowest three categories: 2376 corrected values

Critical evaluation



What was considered in critical evaluation?

• The following questions were asked:
• Does the presented pKa value have the claimed physico-chemical meaning?
• How was the measurement system calibrated in terms of a(H+)?
• Are the pKa values of the reference compounds close to the measured values?
• Was the ionization ratio for the pKa calculation measured directly (from UV–VIS 

spectra, NMR shifts, or similar approaches)?
• Was the concentration used sufficiently low (given the polarity of the solvent)?
• Was the solvent appropriately purified and dried?
• Is the pKa value within the conveniently accessible range of the chosen solvent?
• Is difference between pKa values of the same compound in different solvents 

consistent with available knowledge of the solvation energies of the species 
present in those solvents?

• Does the pKa value follow common chemical intuition?
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Critical evaluation



How was the measurement system calibrated in terms of a(H+)?

• Typical problems:
• Outdated pKa values used for calibrants

• More reliable values are available

• Measured pKa values far outside the 
calibration range

• Nothing is said about calibration in the 
publication

• Calibrated with aqueous buffer 
solutions

19

Flagged „doubtful or „unreliable“

Flagged „unreliable“

Corrected with reliable pKa values

Critical evaluation, calibration



Different solvation energies → different pKa values

• The pKa differences of a compound in different solvents are first of 
all due to differences in three solvation energies:

 solvG(H
+,S) Highly important, main influencer

 solvG(A
–,S) Medium importance in aprotic solvents

 solvG(HA,S) Lower importance

• These energies are influenced by the solvent properties
20

Critical evaluation, solvation energies
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The most important is the ability to solvate H+

Solvent, S
Differencesof  ΔsolvG° of H+ from

H2O (kJ/mol)

PC +50

MeCN +46

Acetone +29

THF 13

Water 0.0

DMF -14

DMSO -19

Pyridine -28
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Just the different

solvation of H+ leads to

pKa difference of around

11 pKa units

1 pKa unit ≡  5.7 kJ/mol
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Y. Marcus Ions in solution and their solvation, Wiley, Hoboken, 2015

Critical evaluation, solvation energies
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Generalisations: Solvation of H+

• Solvation of H+ shifts the whole pKa

scale
• More basic solvent  →  lower pKa

• pKa differences of the compounds from the 
same family between similar solvents are
often almost constant

• Unless very
special structure

pKa differences between MeCN 

and DMSO are typically 10 .. 13 

units

You will not find an acid which

has pKa in MeCN similar to Water

or DMSO

Example:

pKa differences of simple carboxylic acids:

pKa(MeCN) – pKa(DMSO) ≈ 11

pKa(DMF) – pKa(DMSO) ≈ 1

(mostly ± 0.5)

If you find a simple carboxylic acid with pKa 

difference between DMSO and MeCN 5 units, one of 

the values is wrong with close to 100% probability

Critical evaluation, solvation energies



Typical issue: no pKa data for X in solvent S
• Possible solutions:

• Measure

• Compute

• Increasingly useful and used

• Usually correlations with experimental data are needed for good accuracy

• Correlate between solvents

• Reliable data of similar compounds are needed
in both solvents

• Best if large span

• Works best within a homogeneous compound series

• Works best if similar solvents

• Cross-use between solvents

• Only with structurally similar compounds!
• In many cases acidity/basicity order remains the same

• Often acidity/basicity differences remain similar

23Kütt et al. Tetrahedron Letters 2018, 59, 3738–3748

Where to find pKa data?
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Kütt et al Eur. J. Org. Chem. 2021, 1407

… Sometimes published 
correlation equations are 
available

Where to find pKa data?

• Correlations within 
families work better!
• But only for 

compounds belonging 
to the families!



Acids, OK, but what about bases?
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IUPAC project 2015-020-2-500, UnipHied 
(www.uniphied.eu), Prof. Reinhard 

Schwesinger, Prof. Glenn Hefter, Prof. David 
Shaw, Prof. Derek Craston, Dr. Leah McEwen, 
Ms. Ivika Pall, EU Regional Development Fund

(TK141), Estonian Ministry of Education and 
Research (TK210), Estonian Research Council 
grant PRG690, Estonian Center of Analytical 

Chemistry (www.akki.ee), University Côte d’Azur 
and CNRS, Takeda fellowship, grants CTQ2014-

56253-P, CTQ2017-88179-P, PID2020-
115374GB-I00, PID2023-150245NB-I00 funded 
by MICIU/AEI/10.13039/501100011033 and by 

„ERDF A way of making Europe“

Many thanks

to helpers and supporters!

Many thanks

to the team!

http://www.uniphied.eu/
http://www.akki.ee/


27

Many thanks

to all of you!

Found a mistake?
Your measured pKa is not in there?
You need a pKa that is not listed?
Interested in other solvent(s)?
Interested in pKaH values of bases?

Slides, etc: https://analytical.chem.ut.ee/cre-2026/

ivo.leito@ut.ee
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