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Palascak and Shields1 claim to have derived accurate experi-
mental values for the hydration free energies of H+, OH-, and
H3O+. The purpose of this Comment is to alert the community
that, in fact, their values are less accurate than the values they
are meant to replace. In what follows we show the errors
Palascak and Shields made and, by example, give practical
advice on how to ensure correct assignment of standard states
for reactions with water as a reactant or product in gas and
solution phases.

Palascak and Shields begin the derivation of hydration free
energies of OH- and H3O+ by asserting that the most reliable
estimate of the experimental value for hydration of a proton is
-264 kcal/mol.2,3 They use this value as if the reference standard
states are 1 M for both gas and aqueous phases, i.e.,∆sG*(H+).4,5

This practice is wrong. Tissander et al.2 and Tuttle et al.3 derive
the hydration free energy of a proton by correlating ion-water
cluster data, referenced to standard gas phase conditions (1 bar,
298 K), with free energies of hydration of the anion-cation
pairs that are derived from gas phase reaction energies refer-
enced to the 1-bar standard state and aqueous reactions
referenced to 1-m standard state. Therefore, the recommended
value (-264 kcal/mol) for the hydration of a proton represents
the conventional process with standard states essentially equal
to 1 atm for gas and 1 M for solution. To convert from the
1-atm gas phase/1-m solution standard state to the 1-M gas/
1-M solution standard state, one must subtract 1.9 kcal/mol,6

such that∆sG*(H+) ) -265.9 kcal/mol.7,8 Bartels and co-
workers9 have recently reproduced this result to within 0.2 kcal/
mol and derived values for temperatures up to 648 K using the
SUPCRT92 software package.10 Solvation energies of ions based
on ∆sG*(H+) ) -265.9 kcal/mol have been widely adopted.11

This benchmark experimental value should not be changed
unless/until it is superseded by better measurements.12-14

Accordingly, Palascak’s and Shields’ determination of∆sG*(OH-)
is too negative by 1.9 kcal/mol. With this correction, the value
is ∆sG*(OH-) ) -104.5 kcal/mol, which is in good agreement
with the value previously determined by Pliego and Riveros.15

Not converting∆sG°(H+) to number density standard states
is just one of the problems with Palascak’s and Shields’ paper.
A more serious problem arises in the derivation by Palascak
and Shields of the hydration free energy of H3O+. Their value
is several kcal/mol less negative than the value previously

derived by Pliego and Riveros.15 Although Pliego and Riveros
and Palascak and Shields use different thermochemical cycles,
such a large discrepancy should not arise.

Pliego and Riveros use thermochemical cycle 1 with the gas
phase basicity of water,∆bG° ) 157.7 kcal/mol, free energy of

vaporization,∆vapG°(H2O) ) 2.05 kcal/mol, and hydration free
energy of the proton,∆sG°(H+) ) -264 kcal/mol, to calculate
∆sG°(H3O+) ) -108.4.16 This value is referenced to the 1-atm
gas phase, 1-M aqueous phase standard states. Converting to
the 1-M gas phase standard state, the value is∆sG*(H3O+) )
-110.2 kcal/mol.

Palascak and Shields use the auto-ionization reaction of water
(thermochemical cycle 2) to derive∆sG*(H3O+). They obtained

-103.45 kcal/mol for the hydration free energy of H3O+, having
derived the hydration free energy of OH- from the ionic
dissociation of water.17 Had they used∆sG*(H+) ) -265.9 kcal/
mol in their work, a value-105.3 kcal/mol would have been
obtained.

Palascak and Shields attribute the discrepancy “to inconsis-
tencies in standard states [used by Pliego and Riveros] and their
value of 155.6 for the [gas phase] basicity of water.” We find
no inconsistencies in the standard states used by Pliego and
Riveros. For the basicity of water, Pliego and Riveros initially
used 157.5,15a but then subsequently used 157.7,15b which is
the value recommended by Hunter and Lias18 and available
currently online at the NIST Chemistry Webbook site.19 Either
value is within experimental error ((0.5 kcal/mol). They also
agree with ab initio values of 158.4 calculated by Palascak and
Shields and a “best estimate” of 157.3 by Zhan and Dixon.13

Instead, we trace the discrepancy to Palascak and Shields having
used the NIST-JANAF20 gas phase thermochemical data to
calculate 221.1 kcal/mol for the gas phase free energy of the
auto-ionization of water.

The NIST-JANAF data for H3O+ are derived from a value
of 169 kcal/mol21 for the proton affinity of water to which
thermal corrections are applied to obtain∆rG°298(H+ +
H2O f H3O+) ) -170 kcal/mol.20 However, this value has
been superseded by measurements that are well supported by
high level ab initio calculations such that the accepted 298 K
value is -165 kcal/mol.18,19,22 Therefore, ∆rG°(2H2O f
H3O+ + OH-) ) 226 kcal/mol is the preferred value. Using
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this value in cycle 2 yields∆sG*(H3O+) ) -110.2 kcal/mol,
the same value derived by Pliego’s and Riveros’s cycle 1.

We surmise that underlying the errors made by Palascak and
Shields is confusion about the reference standard states for
the free energies of vaporization and hydration of water:
-∆vapG°(H2O) ) -2.05 kcal/mol and∆sG*(H2O) ) -6.32
kcal/mol, respectively. This confusion, which may arise when-
ever water appears as a reactant or product, is shared by others23

and has been a source of controversy in the literature.24-26

-∆vapG°(H2O) is obtained by definition fromRT ln(Kvap) given
the vapor pressure of pure water,pw ) 0.0316 atm, at 298 K.27

Accordingly,-∆vapG°(H2O) is referenced to the 1-atm gas phase
standard state and mole fraction,X ) 1, liquid standard state.
As Ben-Naim teaches,8 this value converts to∆sG*(H2O) by
correcting the reference states to number density states. We
summarize the determination of these values in Table 1.
Inspection of Table 1 shows that the reference standard states
correspond directly to the units of the equilibrium constant from
which ∆G is obtained. Therefore, with knowledge of the units
of the equilibrium constant for a physical/chemical process, one
can confidently assign the standard states of reactants and
products.

In summary, Palascak and Shields claim to have derived
accurate experimental values for OH- and H3O+. We disagree
with Palascak and Shields, because (1) they adopt-264 kcal/
mol for ∆sG*(H+) instead of the actual experimental value of
-265.9 kcal/mol and (2) they use outdated and inaccurate data
to derive the reaction free energy for the gas phase auto-
ionization of water. Correcting these two errors brings the values
calculated by Palascak’s and Shields’ thermodynamic cycles
into agreement with the values calculated by Pliego and Riveros
where∆sG*(OH-) ) -104.6 and∆sG*(H3O+) ) -110.2 kcal/
mol. We favor these values and recommend them to community.
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