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Ton-pairing in aqueous MgSO, solutions along an isochore to
500°C and 11 kbar using Raman spectroscopy in conjunction with
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Ahstract

A high-temperature diamond-anvil cell is used in conjunction with a micro-Raman spectrometer in the study of
aqueous fluids containing 0.5 m MgSO, along an isochere from room conditions to 500°C and 11 kbar, Gaskets
lined with platinum are used to contain the chemically-reactive fluid, lon-pairing of MgSQ, is shown to increase
wilh increasing pressure along an isochore with a density of ~ 1 g em~>. Mass-action constants for the reaction
Mg?* + 802~ =MgSO, range from 3.5+10" at 20°C, 1 bar to 1.25-10% at 500°C, 11.4 kbar. The resulis agrce
favorably with those obtained through electrical conductance measurements by V.G. Ritzert and E.U. Franck, The
relative abundances of the species are shown as a function of temperature and pressure along the isochore,

1. Infroduction tions, however, ion-ion interactions become in-
creasingly important, Electrical conductance
measurements of aqueous solutions performed at
high temperatures and pressures have demon-
strated that the degree of formation of molecular
species or ion pairs increases with increasing
temperature and decreasing density (Franck,
1956, Quist and Marshall, 1968; Frantz and
Marshall, 1982). Salts such as NaCl, KCl and
CaCl,, and strong acids such as HCl become weak
electrolytes under hydrothermal conditions, This
behavior parallels changes in the structure of
water itself, The network connectivity with local
tetrahedral symmetry exhibited by water at am-
bient temperature and pressure disappeats with
(EW] increasing temperature and decreasing density
“Alspo member of NSF-sponsored Center for High-Pressure (Frantz et al., 1993 ), Accordingly, the dielectric
Research (CHiPR). constant and viscosity of water decrease dramat-

As fluids are the fundamental agents respon-
sible for heat- and mass-transfer in the Earth’s
crust and mantle, experimental investigation and
modeling of high-temperature, high-pressure
fluids is vital towards understanding some of the
processes controlling the Earth’s evolution. The
properties of aqueous electrolytic solutions are
highly influenced by competing processes of sol-
vation and ion—ion inferaction, At room temper-
afure and pressure, solvation of individual ions
by surrounding water dipoles greatly inhibits ion-
ion interactions, Under hydrothermal condi-
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ically with increasing temperature (Dudziak and
Franck, 1966; Uematsu and Franck, 1980). In
the case of both water and dissolved electrolytes,
the changes summarized above are primarily the
result of the susceptibility of the relatively weak
ion—-water dipole and water dipole-water dipole
bonds to increasing thermal agitation in re-
sponse to increasing temperature.

Experimental determination of association
constants for dissolved electrolytes at elevated
temperatures and pressures has proven exceed-
ingly difficult. Electrical conductance tech-
niques (Marshall and Frantz, 1987) have pro-
vided association constants for the relatively
simple alkali and alkaline-carth chloride com-
plexes in aqueous solutions, but have proven to
be unsatisfactory for the investigation of more
complicated solutes involving {ransition ele-
ments and corrosive solutions. Spectroscopic in-
vestigations have provided additional informa-
tion. Aqueous complexes have been studied by
both UV-visible absorption spectroscopy and
Raman spectroscopy depending on the degree of
covalency of the bond between the cation and li-
gand, UV-visible absorption spectroscopy was
used for the characterization of the symmetry of
transition elements such as Co and Ni (Liide-
mann and Franck, 1967, 1968) and more re-
cently by Susak and Crerar (1985). Non-transi-
tion elements were studied by UV absorption
spectroscopy (Seward, 1984) and Raman spec-
troscopy (Irish et al., 1943; Schulz, 1974), Farges
etal. (1993) investigated gold chloride solutions
using extended X-ray absorption fine-structure
spectroscopy (EXAFS) and Sharpes et al
(1993) used nuclear magnetic resonance
(NMR) spectroscopy to investigate ligand ex-
change mechanisms in solutions containing Au,
Zn and Cd. One of the fundamental limitations
which has plagued spectroscopic investigations
has been reaction between electrolytic solutions
and the optical cells necessary for high-tempera-
ture, high-pressure studies. The development of
a high-temperature diamond-anvil cell {Bassett
et al., 1994) and techniques for using these cells
as isochoric systems in the study of hydrother-
mal systems (Shen et al.,, 1993) holds great
promise in extending these investigations,

In the following study, the diamond-anvil cefl
is used in the high-temperature, high-pressure
investigation of a 0.5 m MgSQO, solution, Davis
and Oliver (1973) suggested the existence of
MgSO, contact ion pairs based on the Raman and
ultrasonic absorption studies of Atkinson and
Petrucci (1966). Ritzert and Franck (1968)
computed association constants to 350°C for the
magnesium sulfate ion pair using electrical con-
ductance data. Marshall (1967) computed dis-
sociation constants along the liquid-vapor curve
to 200°C. As both magnesium and sulfate are
major components in fluids associated with mid-
aceanic spreading centers, the purpose of this re-
search was to document the presence of these ion
pairs and obtain an association constant describ-
ing its relative abundance under hydrothermal
conditions,

2. Experimental methods

Use of a high-temperature diamond cell de-
signed for hydrothermal studies in conjunction
with a platinum-lined gasket serves as a chemi-
cally-inert optical cell suitable for the study of
electrolytic solutions along isochores at elevated
temperatures and pressures, The cell, purchased
from W.A, Bassett is described in Bassett et al.
(1994). The cell utilizes two low-fluorescence
diamonds with [-mm culet faces which are
heated by molybdenum-wound furnaces sur-
rounding each diamond. Temperature is mea-
sured with two Chromal®-Alumel® thermocou-
ples cemented on each of the diamonds.
Temperature calibration { +2°C) was achieved
using the melting point of crystalline sodium
chloride. Pressure was determined from the
measured homogenization temperature of the
bubble contained in the sample chamber in con-
junction with the measured experimental tem-
perature and isochoric data for electrolytic solu-
tions given in Zhang and Frantz (1987) [see
Shen et al. (1993) and Bassett et al, (1994) for
additional details]. A 500-um-thick stainless-
steel gasket lined with a platinum ring having a
wall thickness of 100 gym was used to contain the
sample (Fig. 1). The inner diameter of the gas-





















