
Accepted Manuscript

Bulk solubility and speciation of H2O in silicate melts

G. Ottonello, P. Richet, P. Papale

PII: S0009-2541(18)30020-2
DOI: https://doi.org/10.1016/j.chemgeo.2018.01.008
Reference: CHEMGE 18612

To appear in: Chemical Geology

Received date: 13 September 2017
Revised date: 12 December 2017
Accepted date: 8 January 2018

Please cite this article as: G. Ottonello, P. Richet, P. Papale , Bulk solubility and speciation
of H2O in silicate melts. The address for the corresponding author was captured as
affiliation for all authors. Please check if appropriate. Chemge(2017), https://doi.org/
10.1016/j.chemgeo.2018.01.008

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.chemgeo.2018.01.008
https://doi.org/10.1016/j.chemgeo.2018.01.008
https://doi.org/10.1016/j.chemgeo.2018.01.008


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

1 
 

BULK SOLUBILITY AND SPECIATION OF H2O IN SILICATE MELTS 

 

G. Ottonello
1,*

, P. Richet
2
, and P. Papale

3
 

1
DISTAV, Università di Genova, Corso Europa 26, 16132 Genoa, Italy 

2
Institut de Physique du Globe, Rue Jussieu 2, 75005 Paris, France 

3
 Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Pisa, Via della Faggiola 32, 56126 Pisa, Italy 

*  Corresponding author  phone  00390103538136 

    Fax 0039010352169 

    Email giotto@dipteris.unige.it  

 

ABSTRACT 

The bulk solubility and speciation of H2O in silicate melts of virtually any composition is predicted from first 

principles with a satisfactory precision. The solubility of molecular water is first predicted from the Scaling 

Particle Theory (SPT) coupled with an ab initio assessment of the electronic, dispersive and repulsive energy 

terms based on the Polarized Continuum Model (PCM). The Silver-Stolper ideal homogeneous speciation 

model is then applied to compute the fractional molar amount of neutral hydroxyl functionals [OH]° in the 

melt and the computed [OH]° amount is added to the molecular form [OH2]. The Hydrogen Bonding (HB) 

electrostatic contributions to the stabilization of molecular water [OH2] in solution are then resolved through 

an inverse non-linear minimization procedure on the basis of an extended dataset (970 samples) of 

experiments concerning the H2O saturation hyper-surface carried out in the last half century. The Gibbs free 

energy of solution GS, the GHB contributions and the energy terms involved in the homogeneous 

speciation reaction are shown to be consistent with first principles. The procedure is fully predictive (i.e. no 

need of an initial hint about approximate bulk amounts of H2O in solution) and sufficiently accurate to be 

proposed as an exploratory tool (mean absolute accuracy of  2.1 kJ/mole in terms of energy and 1.7% in 

terms of fractional molar amount XH2O per unit mole of liquid).  
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