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INTRODUCTION

The Al/(Al + Si)-ratio is one of the most important compo-
sitional variables of natural magmatic systems (e.g., Chayes
1975). The Al3+ and Si4+ substitute for one another in tetrahe-
dral coordination in the structure of most silicate melts rel-
evant to magmatic processes at low pressure (see Mysen 1988,
for review). This Al3+ ´ Si4+ substitution affects liquidus phase
relations and activity-composition relationships of melts (e.g.,
Schairer and Bowen 1947; Kushiro 1975; Ryerson 1985), melt
density, thermal expansion, compressibility (e.g., Kushiro 1981;
Bottinga et al. 1982; Lange and Carmichael 1990), melt vis-
cosity (e.g., Dingwell 1986; Toplis et al. 1997), and configura-
tional properties of silicate melts (e.g., Tangeman and Lange
1998; Lee and Stebbins 1999).

The relationships between Al/(Al + Si) and properties most
likely is because the Al3+ ´ Si4+ substitution in tetrahedral co-
ordination in silicate melts can affect the type and proportion
of the structural units, their individual Al/(Al + Si), and ener-
getics of (Si,Al)-O bonds (e.g., Mysen et al. 1981; Merzbacher
et al. 1990: Maekawa et al. 1991a; Tossell 1993; Mysen 1995,
1999). Existing data on the structural behavior of Al3+ in most
aluminosilicate melt compositions are, however, not quantita-
tive and often rely on structure information on glasses near 25
∞C rather than on melts at high temperature. Glass structure is
that frozen in near the glass-transition temperature, Tg, and does
not change at T < Tg. At temperatures above Tg, melt structure
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ABSTRACT

The structural behavior of Al3+ in peralkaline glasses and melts along the Na2Si3O7-Na2(NaAl)3O7

join has been examined to 1200 ∞C at ambient pressure with 29Si MAS NMR and Raman spectros-
copy. The distribution of Al3+ among coexisting Q4, Q3, and Q2 structural units in the glasses and
melts was determined as a function of bulk Al/(Al + Si) and temperature. The Al3+ resides principally
in Q4 structural units, which contain more than 70% of the total amount of Al3+. The Q2 units contain
the smallest amount of Al3+ among the Q4, Q3, and Q2 structural units. There is no evidence for
temperature-dependent distribution of Al3+ among the coexisting structural units at least to 1100–
1200 ∞C.

The equilibrium constant for the speciation reaction, 2Q3 ´ Q4 + Q2, passes through a maximum
with increasing bulk melt Al/(Al + Si) at constant temperature. Its temperature-dependence also
depends on bulk melt Al/(Al + Si) so that the enthalpy of the speciation reaction, DH, passes through
a maximum with increasing bulk Al/(Al + Si). This DH ranges between 13 and 23 kJ/mol for bulk
melt Al/(Al + Si) between 0 and 0.33. These composition-dependent maxima in the equilibrium
constant (at constant temperature) and DH of the speciation reaction reflect the changes in Al/(Al +
Si) of Q2, Q3, and Q4 structural units with Al/(Al + Si) of the melt.

varies with temperature. As a result, use of glass structure data
to model property behavior of silicate melts is difficult. The
objective of the present study was, therefore, to characterize
the relations between structure, temperature, and Al3+ ´ Si4+

substitution in glass at ambient temperature and in melt at mag-
matic temperatures.

EXPERIMENTAL METHODS

Six compositions along the join Na2Si3O7-Na2(NaAl)3O7 were used to ex-
amine relations between melt and glass structure and the bulk-melt Al/(Al + Si)
of peralkaline aluminosilicate compositions. The starting glasses were prepared
by mixing spectroscopically pure Na2CO3, Al2O3, and SiO2 by grinding under
alcohol for about 1 h. These mixtures were melted in a MoSi2-heated, 1-atm
furnace at temperatures ~100 ∞C above their liquidii (Osborn and Muan 1960)
for about 1 h, followed by quenching to glass. For samples to be used for 29Si
MAS NMR, 0.75 wt% Mn3O4 was added in order to reduce the long spin-lattice
relaxation time (T1) for the Si nucleus in silicate glasses (e.g., Cody et al. 2001).
The T1 for these glasses was reduced to 0.22 s upon dissolution of this amount
of Mn3O4. The analyzed composition of the starting glasses is given in Table 1.
With the assumption that all Al3+ is in tetrahedral coordination and is charge-
balanced with Na+, the overall degree of polymerization of the glasses and melts,
NBO/T, does not vary with Al/(Al + Si) along this join (Table 1).

The structure of room-temperature glass was examined with 29Si NMR and
Raman spectroscopy. A number of well-documented NMR studies of glasses
have demonstrated its utility as a probe of glass structure (e.g., Schramm et al.
1984; Stebbins 1987; Maekawa et al. 1991a, 1991b; Stebbins et al. 2001). Magic
angle, solid-state NMR spectra of the glasses were acquired using a Varian/
Chemagnetics Infinity 300 Solid State NMR instrument. The resonance fre-
quency of 29Si at a magnetic field strength of 7.05 T is 59.64 MHz. A 4.0 ms
pulse width, corresponding to a 70∞ tip angle, was used. Samples were spun in
a large rotor (7.5 mm diameter) MAS probe at 5–7 kHz (±1 Hz). The recycle
delay was set at 2 s, which is more than sufficient to avoid saturation given the
observed T1 of the Mn-doped glasses.

Raman spectroscopy was used to examine the structure of high-tempera-


