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Abstract

The heat capacities of Sr and Ba metasilicate glasses and of a Mg silicate glass with only 44 mol% 
SiO2 have been measured between 2 and 300 K with the Quantum Design Physical Property Mea-
surement System. The derived vibrational entropies S298-S0 are 50.90, 61.00, and 36.65 J/(mol⋅K) for 
Sr0.5Si0.5O1.5, Ba0.5Si0.5O1.5, and Mg0.56Si0.44O1.44 glasses, respectively. Along with available data for 
Mg- and Ca-bearing glasses, these results indicate a regular variation of the partial molar vibrational 
entropy of the metal oxide as a function of the ionization potential of the cation. At very low tem-
peratures, however, the excess heat capacity of barium metasilicate glass relative to Debye limiting 
T 3 law is stronger than expected from such a trend, whereas Mg1.12Si0.88O2.88 is the known glass whose 
CP deviates the less from this law. 
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Introduction

As major network modifiers, alkaline earth elements exert a 
strong influence on structural and physical properties of silicate 
melts in compositions of either geological or industrial interest 
(e.g., Mysen and Richet 2005). From a fundamental perspective, 
the alkaline earth series is also of particular interest because it 
allows the influence of cation radius (r) on melt properties to be 
determined independently of changes in nominal electric charge 
(z). In binary silica-metal oxide systems, a dramatic effect is, for 
instance, the decreasing size of the liquid-liquid miscibility gap 
when the ionic radius of the alkaline earth increases (e.g., Hudon 
and Baker 2002). Because such effects are a direct consequence 
of the competition of silicon and alkaline earth cations for bond-
ing with oxygen, they have long been rationalized in terms of 
parameters such as the ionization potential, z/r2, or field strength, 
z/r (e.g., Mysen and Richet 2005). 

In binary MO-SiO2 melts, systematic variations in physical 
properties with the size of alkaline earth cations are also well 
documented for solid-liquid phase equilibria (e.g., Mysen and 
Richet 2005) and high-temperature volumes and thermal expan-
sion coefficients (Tomlinson et al. 1958). In contrast, measure-
ments of heat capacity (CP) are scarce because the difficulties 
raised by high liquidus temperatures, existing miscibility gaps 
or poor glass-forming ability, make it difficult to perform the ex-
periments over the large temperature intervals required to obtain 
reliable results (Stebbins et al. 1984; Richet and Bottinga 1985). 
The situation is not better at low temperatures although S298-S0 
data derived from CP measurements not only are important for 

thermodynamic calculations, but in addition constitute a useful 
source of information on short- and medium-range order around 
cations (Richet et al. 1993; de Ligny et al. 1996). Of particular 
interest in this respect is the large positive CP anomaly at tempera-
tures lower than 50 K, which varies strongly with composition 
as a result of large differences in the low-frequency part of the 
vibrational density of states. 

For alkaline earth silicate glasses, the low-temperature CP 
has been measured only for the metasilicate stoichiometry in 
the Ca, Mg, and mixed (Ca,Mg) systems (Richet et al. 1991, 
1993, 1986, respectively). The main purpose of this work is to 
complement these data with new measurements on Sr and Ba 
metasilicate glasses. Because insufficient glass-forming ability 
prevents large glass samples from being obtained with standard 
quenching methods, we used small beads prepared with a levita-
tion heating technique. Because this technique allows samples 
with even lower SiO2 contents to be prepared, an additional goal 
of this study has been to determine whether the partial molar 
heat capacity of SiO2 differs in polymerized and depolymerized 
glasses. For this purpose, a binary MgO-SiO2 glass with only 
44 mol% SiO2 has also been studied.

Experimental methods
The samples are listed in Table 1. The investigated glass beads 1–5 mm in 

diameter were prepared at CEMHTI-CNRS (Orléans) by aerodynamic levitation 
with CO2 laser heating at about 2050 K, from starting mixes that were first decar-
bonated and then sintered at 1850 K in Pt crucibles in air. Low melt viscosities 
enabled homogeneous samples to be obtained in about 1–6 min. The electron 
microprobe analyses of the samples (Table 1) compare favorably with the nominal 
compositions that were used for calculating gram formula weights. Note, however, 
that attempts to prepare Mg silicate glasses with less than about 44 mol% SiO2 
systematically failed because of preferential Mg vaporization while the sample 
was heated by the laser beam.

Beads were quenched at an estimated rate of about 200–300 K/s through cut-
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