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INTRODUCTION

Most of the existing tables of dissociation constants of inorganic acids and
bases in aqueous solution are fragmentary in character, include little or no
experimental details, and give few references. Easily the most comprehensive
of the previous collections is Stability Constants of Metal-Ion Complexes, compiled
by L. G. Sillén and A. E. Martell, and published as Special Publication
No. 17 of the Chemical Society, London, in 1964, However, because of the
nature of this compilation, the pK values in it tend to be overlain by the
much greater bulk of the stability constant data. In many cases, also, it is
difficult to decide by inspection which of the p& values should be taken from
the wide range sometimes given for a particular substance.

The present Table follows the pattern of the similar Tables for organic
acids and organic bases, which were also prepared at the request of the
International Union of Pure and Applied Chemistry as part of the work
of the Commission on Electrochemical Data. The Table of organic acids,
compiled by Kortum, Vogel, and Andrussow was published in Pure and
Applied Chemisiry, 1, 187-536 (1960), and also separately as a book*. The
Table of organic bases, by the present author, was published in 1965 as a
supplement to Pure and Applied Chemistry.t

For convenience, the dissociation constants of inorganic acids and bases
have been given, in most cases, in the form of pK, values, and the classes of
compounds include not only conventional acids and bases such as boric acid
and magnesium hydroxide, but also hydrated metal ions (which behave as
acids when they undergo hydrolysis) and free radicals, such as the hydroxyl
radical, .OH. All of these reactions have in common the gain or loss of a
proton or a hydroxyl ion. On the other hand, the hydrolyses of metal-complex
ions such as the cobaltammines have been excluded, as being more appro-
priate to the stability constant compilation mentioned above.

In general, and largely because of the difficulties attending pK measure-
-ments on inorganic species, it is not possible to offer a critical assessment of
most of the published values. In particular cases, such as water, highly
precise constants are available over a range of temperatures, and the
uncertainty is only of the order of 0-001 pH unit. More commonly, only a few,
often widely discordant, values have been reported.

This is partly because of the chemical reactivity of the materials them-
selves. For example, nitrous acid readily decomposes to dinitrogen trioxide.
At concentrations above 0-01 M, boric acid is appreciably polymerised to
polyboric acids; molybdic acid solutions contain Mo703246~ and higher
species; bisulphite jon is in equilibrium with pyrosulphite ion, S205%—;
and many transition and higher-valent metal ions from polynuclear species
on hydrolysis.

* G. Kortum, W. Vogel and K. Andrussow. Dissociation Constants of Organic Acids in Aqueous
Solution. Butterworth & Co. Ltd., London, 1961,

1 D. D. Perrin. Dissociation Constants of Organic Bases in Aqueous Solution. Butterworth & Co.
Litd., London, 1965.
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INTRODUCTION

Often, too, unsatisfactory methods of determination have been used.
Thus, pH titration measurements are seldom satisfactory if pK values lie
below 2 or above 12, and in such circumstances can give quite misleading
results. Again, pK values for the hydrolysis of metal ions have often been
obtained from measurements of the pH values of solutions of their purified
salts in water. As Sillén has pointed out (Quart. Rev., 13. 146 (1959), inorganic
salts often adsorb tenaciously onto their surfaces traces of acidic or basic
impurities, which persist even on repeated recrystallization, so that the
measured pH values of their solutions may be much higher or lower than
expected.

Even with experimentally accurate results, extrapolation to thermo-
dynamic pK values at I = 0 is not always possible. The usual basis of such
extrapolation is the Debye-Hiickel equation,

Zi2 AT
log /i = 1 -+ kalt b1

which is used to calculate the activity coeflicient term. For precise work,
values of a (the “mean distance of nearest approach” of the ions) and 4 are
chosen to fit the data over a range of ionic strengths, so that the value of the
pK, extrapolated to I = 0, can be obtained. At low ionic strengths and where
moderate accuracy (say 4005 pH unit) is sufficient some simplifying
assumptions can often be made. Thus, Davies’ equation (J. Chem. Soc. 1938,
2093) is obtained by taking Ka = 1, b = 0-2; Giintelberg’s equation (Z.
physik. Chem. Leipzig, 123, 199 (1926)) sets Ka = 1, b = 0; and the approxi-
mation Ka =0, b = 0 (i.e.—log f = Z;% AI}) is also used. However, with
moderately strong acids and bases (pA values less than 2 or greater than 12),
the numerical values of the thermodynamic pK constants depend in part
on the assumptions made in deriving them, including the ion-size parameter
a used in the extended Debye-Hiickel equation (see, for example, R. G.
Bates, V. E. Bower, R. G. Canham and J. E. Prue, Trans. Faraday Soc., 55,
2062 (1959); A. K. Covington, J. V. Dobson and W. F. K. Wynne-Jones,
Trans. Faraday Soc., 61, 2057 (1965), E. A. Guggenheim, Trans. Faraday Soc.
62, 2750 (1966). Thus, the pA of bisulphite ion at 25° varies from 1927 to
1-967 as K, is varied from 1-0 to 1-7. In the same way, pK} for Ca(OH); varies
from 1-14 to 1:27 at 25°, depending on the choice of parameters.

A distinction must also be made between true and apparent pK values.
The first pK of carbon dioxide in water as measured is about 64 at 20°,
whereas the true p& of carbonic acid (HaCOg) is 3-8. The difference between
the apparent and the true pK values is due to the slight extent to which
carbon dioxide is covalently hydrated in water. Similarly, periodic acid
exists as Hs1Og and HIO4 (mainly as the latter), so that its measured second
pA& (8:3) is very much higher than its first one (about 2).

In the absence of experimental values, especially for some of the oxyacids,
attempts have been made to predict pK values, usually from similarities of
structure. The more commonly used methods are those of J. E. Ricci
(J. Am. Chem. Soc., 70, 109 (1948)), L. Pauling (General Chemistry, Freeman,
San Francisco, 1947, p. 394), and A. Kossiakoff and D. Harker (J. 4Am.
Chem. Soc., 60, 2047, (1938)). Even in apparently simple cases, there may be
considerable uncertainty. For example different values would be predicted
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INTRODUCTION

for germanic acid depending on whether it existed mainly as GeO(OH),
or Ge(OH)4.

Because of the many different kinds of uncertainties inherent in the
present pK compilation, no attempt has been made to assess the accuracy
of each entry. Nevertheless, where possible, I have attempted to select what
appear to be the best available values. The results for hydrogen sulphide
illustrate this. Thus, several methods have indicated that the second pK of
hydrogen sulphide is about 14, which is too high for potentiometric titration
methods to be applicable. Hence the pKs values that have been obtained
by potentiometric titration are not set out in the Table. Instead, references
to the papers where they are given are included under “other measurements”.
This heading also covers results where insufficient experimental details are
given.
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I. HOW TO USE THE TABLE

GENERAL ARRANGEMENT

The Table summarizes data recorded in the literature up to the end of
1967 for the dissociation constants of inorganic acids and bases in aqueous
solution. Tt also includes references to acidity functions for strong acids and
bases, and details about the formation of polynuclear species where this is
relevant. The substances are listed alphabetically, with chemical formulae,
so that the entries are self-indexing.

Column I gives the name of the substance and the negative logarithm of
the dissociation constant (p&3). Wherever possible, these values are thermo-
dynamic ones obtained by extrapolation to ionic strength I = 0, generally
by using some form of the Debye-Hiickel equation such as that due to Davies.
In all cases, pK values are listed in decreasing extent of protonation.

Column 2 gives the temperature of measurements in °C.

Column 3 lists details such as:

I = }3C;Z4% = ionic strength
¢ = concentration in mole/l, or
m = concentration in mole/1000 g. of water.

It also records any other details relating to the pK value quoted. Designa-
tion of a constant as “practical’’ implies that it includes both the activity
of the hydrogen ion (usually as measured by pH meter) and the concentra-
tions of the other species.

Column 4 summarises the method of measurement, the procedure used in
evaluating the constants, and any corrections that were taken into con-
sideration; the symbols have the meanings set out under “Methods of
Measurement”, page 7. Because different investigators rarely use identical
procedures, these symbols can only serve as guides: for fullest details the
original papers should be consulted.

Column 5 gives the literature references which are listed alphabetically
at the end of the Table.
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II. METHODS OF MEASUREMENT AND
CALCULATION

The abbreviations in Column 4 of the Table are, with only minor differences,
the same as those used in “Dissociation Constants of Organic Bases in
Aqueous Solution”,

CONDUCTOMETRIC METHODS

C1 Measurements in solutions of salt and acid
C2 Measurements in solution of base only

ELECTROMETRIC METHODS

[1] Cells without diffusion potentials

Ela Method of Harned and Ehlers (J. Am. Chem. Soc. 54, 1350
(1932))
(Cell of type Pt (Hp)|B, BCI, NaCl||B, BCl, NaCl|AgCl|Ag,
for which £ — Ey + (RT/F) In [BH*] [Cl-]/[B] = — (RT/F)
In K, and extrapolate to I = 0)

Elb Method of Harned and Owen (J. Am. Chem. Soc. 52, 5079
(1930)) ,Pt(Hsg)|B, NaCl|AgCl|Ag, where molality of B is
M, E = Ey — (RT|F) In ([mat] [ma~]f:2). Extrapolate to
I = 0 at constant M, then to M = 0)

Elcg Determination of [H*] from cells of the type, Glass|solution,
Cl-|AgCl|Ag
_ Elch Determination of [H*] from the cell, Pt(Ha) solution,
Cl-|AgCl|Ag
Eld Method of Bates (/. Am. Chem. Soc. 70, 1579 (1948)). Deter-
mination of K7 and K> for dibasic acids
Ele Method of Bates and Pinching (/. Res. Nail. Bur. Sid. 43,519

(1949)). A particular case of method Elcg in which the
solution is a buffer comprising a weak base and a weak acid

[ii] Approximately symmetrical cells with diffusion potentials

E2a Method of Owen (J. Am. Chem. Soc. 60, 2229 (1938))

E2b Method of Larsson and Adell (. Physik. Chem. 156, 352, 381
(1931)) (Uses cell Pt(Hz)|B, NaCl|sat. KCI|[NaOH, NaCl|
(Hz)Pt and an approx. K to adjust to equal ionic strengths in
the half-cells. From E obtain [H+] and hence K’: extra-
polation to I = 0 gives X))

E2c Method of Everett and Landsman (Proc. Roy. Soc. London,
A215, 403, (1952))
(This is like E2b but uses a second weak base of known pKk
instead of a strong base. The method gives the ratio of the
two constants)
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METHODS OF MEASUREMENT AND CALCULATION

[iii] Unsymmetrical cells with diffusion potentials

E3ag

E3ah
E3bg

E3bh
E3b, quin
E3c

E3d

01

02
03

04

05

06

07

ANALYT
CALORIM
CAT
CRYOSC
DISTRIB
FP

ION

KIN

NMR
POLAROG
RAMAN
REDOX
SOLY

VAP

pH measurements in buffer solutions of weak electrolytes
using glass electrodes

Similar measurements using hydrogen electrodes
Measurements of pH changes during titrations using glass
electrodes

Similar measurements using hydrogen electrodes

Similar measurements using quinhydrone electrodes
Differential potentiometric methods

pH measurements at equal concentrations of salt and base

OPTICAL METHODS

Direct determination of the degree of dissociation by extinc-
tion coefficient measurements in solutions of weak bases and
salts

Colorimetric determination with an indicator of known pK
Colorimetric determination with an indicator calibrated
with a buffer solution of known pH

Method of von Halban and Briill (Helv. Chim. Acta 27, 1719
(1944))

(Solutions of the base being studied, plus indicator, are
compared with similar solutions containing alkali and
indicator)

Light absorption measurements combined with electrometric
measurements

Light absorption measurements using solutions of mineral
acids of known concentrations and (usually) Hammett’s
acidity function, Hp

Similar to 06 but using solutions of alkalis

OTHER METHODS

Constants derived from chemical analysis
Calorimetric measurements

Constants estimated from catalytic coefficients
Cryoscopic measurements

Distribution between solvents

Constants derived from freezing-point data
Ton-exchange studies

Constants estimated from kinetic measurements
Nuclear magnetic resonance measurements
Polarographic measurements

Measurements of Raman spectra
Oxidation-reduction potentials

Solubility measurements

Vapour pressure measurements
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METHODS OF MEASUREMENT AND CALCULATION

CALCULATIONS
[i] Conductance measurements
Rla Method of Davies (The Conductivity of Solutions, Chapman

Hall, London 1930)
(By successive approximations, f, is calculated from the
Debye-Hiickel-Onsager equation in the form

Ja=1— A(aco)?/ 4o

which assumes that /4y can be obtained from Kohlrausch’s
law of independent ionic mobilities)

R1b Method of Maclnnes (/. Am. Chem. Soc. 48, 2068 (1926))
(The quantity Ao = f,p is determined directly, where Ag
is the conductance of the weak electrolyte if it were com-
pletely dissociated at the ionic strength studied: it is necessary
to know A for strong electrolytes as a function of 1)

Rlc Method of Fuoss and Krauss ( J. Am. Chem. Soc. 55, 476 (1933))
(The Debye-Hiickel-Onsager equation is used in the form,
Ag = aAy — A(wco)?) to derive an equation relating Ay, ¢
and K, which is solved by successive approximation until Ag
is constant at all values)

R1d Method of Shedlovsky (/. Franklin Inst. 225, 739 (1938))
(This is like R1c but a different equation is used)
Rle Method of Fuoss (J. Am. Chem. Soc. 79, 3301 (1957))

[ii] Differential potentiometric measurements

R2a Method of Kilpi (. Physik. Chem. 173, 223, 427 (1935); 175,
239 (1936) (at point of inflection).
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