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Outline and Scope

• Outline
• Acidity of molecules in solution (pKa)

• pKa measurement methods (UV-Vis and NMR)

• 19F NMR pKa measurement, its pros and cons

• Scope:
• More about „measurement science“

• Less about fluorine chemistry

• It is an „appetizer“
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Fluorocompounds
Many fluorocompounds are acidic

Many were designed to be used as acids

3

SO
2

SO
2

NH

CF
3

CF
3

CF
3

CF
3

F

F

F

F

H

O

O
P

F

F

O

N SO
3
CF

3

H
F CF

3
SO

2

SO
2
CF

3

SO
2
CF

3

OHH
FF

FOH

CF
3

CF
3

F
3
C

F

F

F H

OH

CF
3

OH

F
3
C

CF
3

F
3
C

H H

F
F

F

F
F

3
C CF

3

CF
3

CF
3

OH
OH

F

FF

F

H
H

OH

F
3
C

F
3
C

F

F
H

OH

F

F

F

F

F

F

F

F

F
HN

N
N

H

F

F

F

F

H

CF
3
SO

2

CF
3
SO

2

SO
2
CF

3

SO
2
CF

3

FF

F F

CNF

F

F
F

F
F

F

F
F

F

H

NN

CNF

F

F
F

F

F
F

F

H

F
3
C

F
3
C

CF
3

CF
3

CF
3

OH

F

F F

F

F

H

CF
3
SO

2

NH
CF

3
SO

2
F

F
H

CF3COOHF H

CF3SO2OHF H

OH

F
3
C CF

3

H

F F

CN

COOEt

H

FF

F

F F

CN

H

FF

F

F F
CN



4

Acidity of molecules

• Brønsted acidity of a molecule refers to its 
ability to donate proton to other 
molecules
• Usually defined in terms of equilibrium constants 

(Ka, pKa) or deprotonation energies (GA or DGacid)
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• Acidity of molecules in solution is defined
in the framework of the Brønsted theory
via the pKa values

• Typically written as:

HA    +    S                A¯ +    SH+

Acidity of molecules in solution

Ka

HA)(

)SH()A(
loglogp aa

a

aa
KK

+− 
−=−=
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Acid dissociation in solution

HAS

S

SH+ A- S
+

S

S

S
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Consequence:

Acidity of an acid is

very different

in different solvents

A more realistic presentation:



pKa values in different solvents
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  pKa   

Acid 1,2-DCE MeCN DMSO Water 

 

~54[1] 20.5[2] 10.7[3] 5.33[4] 

 

52.5[5] 17.73[2] 5.1[6] 5.9[1] 

 

38.4[5] 4.44[2] <0 <0 

 33.7[5] 0.7[7] -14[8] -15[8] 
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How to Measure?
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HA)(

)SH()A(
loglogp aa

a

aa
KK

+− 
−=−=

Difficult to measure

in nonaqueous

solvents

Often approximated by 

ratio of equilibrium

concentrations found

using some instrumental

technique

[A−]

[HA] Problematic, because

species with different

charge type can have 

very different activity

coefficients…



• Two acids simultaneously in the same solution:

HA2 +    A1
¯ A2

¯ +    HA1

• Measure their ΔpKa:

Relative pKa measurement!
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ΔpKa

∆p𝐾a = p𝐾a HA2 − p𝐾a HA1 = −log
𝐾a2
𝐾a2

= −log
A2
− HA1

HA2 A1
−

No need to measure H+ activity

Activiy coefficients essentially cancel

A number of uncertainty sources cancel partially or fully

Reference compounds needed

(with suitable acidity and spectral properties)



Relative pKa measurement: UV-Vis

10

0

0.2

0.4

0.6

0.8

1

1.2

200 250 300 350 400 450

A
b

so
rb

a
n

c
e

Wavelength (nm)

(4-NC5F4)2CHCN

Intensities at many

wavelengths

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

200 250 300 350 400 450

A
b

s
o

rb
a

n
c

e

Wavelength (nm)

4-H-C6F4-CH(CN)2

0

0.2

0.4

0.6

0.8

1

1.2

200 250 300 350 400 450

A
b

so
rb

a
n

c
e

Wavelength (nm)

Mixture

Individual compounds:

Both compounds in the same solution:Anion

Anion

Neutral

Neutral

DpKa = pKa(                  ) – pKa(            ) = 0.46

CN

H

FF

F F
CN

NN

CNF

F

F
F

F

F
F

F

H

CN

H

FF

F F
CN

NN

CNF

F

F
F

F

F
F

F

H

A. Kütt et al Eur. J. Org. Chem. 2021, 1407-1419



11

Eur. J. Org. 

Chem. 2021, 

1407–1419
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Acetonitrile

pKa scale



Scales as tools: some recent pKa applications
(involving fluorocompounds)
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D. Höfler et al Angew. Chem. 

Int. Ed. 2017, 56, 1411

Solvent: 1,2-dichloroethane

V. Debrauwer et al ACS Org. Inorg. Au 2021, 1, 43

Solvent: acetonitrile

H.-Y. Bae et al Nature Chem.

2018, 10, 888

Solvent: acetonitrile
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D. Höfler et al Synlett 2021, 32, 45

Solvent: acetonitrile
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Limitations of UV-Vis
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Many acids (most

aliphatics) do not

have suitable UV 

spectrum
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deprotonation
O

O
P

F

F

O

N SO
3
CF

3

H
F

OH

F

F

F

F

F

F

F

F

F
H

CF
3
SO

2

NH
CF

3
SO

2
F

F
H



19F NMR pKa measurement

• Not new:

• But certainly underutilized
• Considering its potential
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B. G. Jones et al J. Chem. Soc. Perkin I 

1996, 2685

CF3-substituted heterocycles in water

S. E. Boiadjiev et al J. Phys. Org. 

Chem 1999, 12, 551

F-substituted carboxylic acids in water

C. L. Perrin, Y. Dong, J. Am. Chem. Soc. 

2007, 129, 4490.

Different F-substituted compoundsin water
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Relative pKa measurement: 19F NMR
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All compounds in the same solution:

Anion
Anion

Neutral

Neutral

DpKa = pKa(                    ) – pKa(                  ) = 0.33

Differences of 

chemical shifts

E. Parman et al J. Phys. Org. Chem. 2019, 32, e3940
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Many ΔpKa measurements together
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E. Parman et al J. Phys. Org. Chem. 2019, 32, e3940

Solvent: water



19F NMR vs UV-Vis in pKa measurement
Aspect UV-Vis spectrophotometry 19F NMR spectrometry

Application range
Spectral change needed, proton

exchange rate unimportant

F atom in molecule, fast prooton 

Exchange strongly preferred

Relative 

acidities/basicities

Ref compounds within ±1.5 pKa

units needed

Ref compounds within ±1.5 pKa

units needed

Concentration range (n·10-6) n·10-5 ... n·10-4 M (n·10-5) n·10-4 ... n·10-3 M

Accurate signal intensity

needed?
Accurate intensities are needed Accurate intensities not needed

Sensitivity to acidic or 

basic impurities

Very strong, if the spectra of the 

impurities change during titration

If peaks can be resolved then 

not sensitive to impurities

Partially decomposing

compound
Impossible

If peaks can be resolved from

decomposition products then

may be possible

3 or more compounds in 

one experiment
Impossible Possible

Choice of solvents Any non-UV-absorbing solvent Any non-fluorinated solvent

Possibility to couple

with glovebox
Good Difficult

High-end instrument 

neede?
No No 18



Some recent 19F NMR pKa applications
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E. Parman et al J. Phys. Org. Chem. 2019, 32, e3940

Solvent: water

OH

CF
3

CF
3

F
3
C

F

F

F H

OH

CF
3

OH

F
3
C

CF
3

F
3
C

H H

F
F

F

F
F

3
C CF

3

CF
3

CF
3

OH
OH

F

FF

F

H
HOH

F
3
C

F
3
C

F

F
H

OH

F

F

F

F

F

F

F

F

F
H

J. Kögel et al Eur. J. Inorg.

Chem. 2019, 3612
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E. Parman et al Chem. Phys. Chem. 2021, 22, 2329

Solvent: acetonitrile

In several cases parallel measurements were done with UV-Vis
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F too far from H?
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Compound Δppm
Number of bonds 

between F and H

4-Fluorobenzenesulfonamide 4.15 7

4-Fluorophenol 6.59 6
3-Trifluoromethylbenzenesulfonamide 0.20 7
4-Trifluoromethylbenzenesulfonamide 0.35 8
1,1,1,3,3,3-Hexafluoropropan-2-ol 0.22 4
3-(Trifluoromethyl)phenol 0.22 6
2,3,4,5,6-Pentafluorobenzenesulfonamidea 1.82 6
3,5-Bis(trifluoromethyl)phenol 0.19 6
2,6-Difluorophenol 1.07 4
1,1,1-Trifluoromethanesulfonamide 0.28 4
1,1,1,4,4,4-Hexafluoro-2,3-bis(trifluoromethyl)butane-2,3-diol 0.86 4

2,3,5,6-Tetrafluorophenola 3.40 5
2,3,4,5,6-Pentafluorophenola 3.89 5
Perfluoro-tert-butyl alcohol 1.12 4

2,4-Bis(trifluoromethyl)-1,1,1,5,5,5-hexafluoropentane-2,4-diol 3.08 4
4-Fluorobenzoic acid 4.50 7
3-Fluorobenzoic acid 0.80 6

1-Hydroxy-6-(trifluoromethyl)benzotriazole 0.50 7
2-Fluorobenzoic acid 4.08 5

a F in 3 position
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