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INTRODUCTION

Cordierite is a rock-forming mineral typically found in low- to 
medium-pressure amphibolite- and granulite-facies metamorphic 
rocks of appropriate composition. Natural cordierites are Fe-Mg 
solid solutions with the ideal formula (Mg,Fe)2Al4Si5O18·x(H2O, 
CO2). Nearly all natural cordierites contain H2O and CO2, and 
also sometimes other atomic and/or molecular species (e.g., Ar, 
N2), which are located in the inÞ nite channels that run parallel to 
the c-axis in the crystal structure. The weakly bound molecules 
(Langer and Schreyer 1976; Goldman et al. 1977; Kolesov and 
Geiger 2000) can be driven off by heating crystals at elevated 
temperatures without altering the aluminosilicate framework. 
Most natural cordierites are Mg-rich and crystals have been 
found closely approaching the Mg end-member (Pryce 1973).  
Anhydrous end-member Mg-cordierite (Mg2Al4Si5O18) can be 
synthesized in the laboratory at 1-atm and high- temperature 
conditions and its phase relations in the system MgO-SiO2-Al2O3 
have been determined (Schreyer and Schairer 1961). Mg-rich 
cordierite is also important in a number of technical applications. 
For example, because of its low thermal expansion and resistance 
to thermal shock, it is used as a substrate material for Þ lters and 
catalytic converters that operate at elevated temperatures. 

Thus, several investigations have been made over the years on 
the thermodynamic and physical properties of �low� Mg-cordier-
ite, whose Al-Si distribution over the tetrahedral sites is ordered. 
The low-temperature heat capacity of end-member anhydrous 
Mg-cordierite, whose structural state was not described, was 
Þ rst determined by Weller and Kelley (1963) using adiabatic 
calorimetry at temperatures between 50 and 298 K. The heat 
capacity above room temperature was determined using drop 

calorimetry (Pankratz and Kelley 1963) and DSC methods 
(Carey 1993; Geiger and Voigtländer 2000). Because of its 
importance in petrological and geochemical investigations and 
also in various technical applications, we have reinvestigated the 
CP behavior of synthetic anhydrous �low� Mg-cordierite having 
complete Al-Si order at temperatures between 6 and 300 K using 
high-precision adiabatic calorimetry. From these measurements, 
including for the Þ rst time CP data obtained below 50 K, a new 
revised standard third-law entropy value can be calculated for 
Mg2Al4Si5O18. This value can be compared to that given by Weller 
and Kelley (1963) obtained from their calorimetric measurements 
and also to various values obtained through modeling studies 
incorporating phase-equilibrium data on Mg-cordierite (Berman 
and Aranovich 1996; Gottschalk 1997; Chatterjee et al. 1998; 
Holland and Powell 1998). 

EXPERIMENTAL METHODS

Synthesis and sample characterization
Anhydrous Mg-cordierite was synthesized from a glass of stoichiometric 

cordierite composition. The glass was made from MgO, Al2O3, and SiO2 having 
purities of 99.995, 99.99, and 99.999%, respectively. Prior to weighing, all oxides 
were Þ red for 12 h at 1200 °C to remove surface water and combustible impurities. 
An oxide mix of cordierite composition having a total mass of about 30 g was then 
weighed and thoroughly mixed and homogenized under acetone in an agate mortar. 
The mix was placed in a Pt crucible for subsequent melting. The crucible was heated 
stepwise from 800 to 1580 °C and held there for 1 hour. The Pt crucible was then 
quickly removed from the oven and quenched in a water bath. The resulting glass 
was removed from the crucible and broken into small pieces and remelted two 
more times. The Þ nal glass was completely clear and transparent and free from 
any crystals. Its composition was measured by electron microprobe analysis, which 
showed the glass to be homogeneous. The mean composition calculated from 25 
measured points yielded Mg1.98(0.02)Al4.01(0.05)Si5.00(0.05)O18 and, hence, the glass did not 
deviate within experimental error from ideal cordierite stoichiometry.

Anhydrous Mg-cordierite was crystallized from glass pellets weighing about 
2.5 g held in a ceramic crucible at 1-atm. Several cordierite glass pellets were * E-mail: paukov@che.nsk.su
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ABSTRACT

The heat capacity of synthetic anhydrous Mg-cordierite (Mg2Al4Si5O18) was measured using adia-
batic calorimetry between 6 and 300 K. Mg-cordierite was synthesized from a glass of stoichiometric 
cordierite composition at 1250 °C for one week. The reÞ ned cell dimensions using powder X-ray 
diffraction give a = 17.0553(2) Å, b = 9.7167(1) Å, and c = 9.3375(1) Å with V = 1547.428(1) Å3 
and a distortion index of Δ = 0.25 indicating complete Al-Si ordering. The absence of channel H2O 
was conÞ rmed by powder IR spectroscopy, which did not show the presence of any bands located 
around 3600 cm�1. The CP results values agree with those obtained previously by Weller and Kelley 
(1963) who measured the CP of Mg-cordierite between 50 K and 298 K. The calculated entropy of 
Mg-cordierite at standard condition is S0

298.15 = 404.0 ± 1.6 J/(mol·K) using the CP data from this study. 
This value is in agreement with the value presented by Weller and Kelley [407.2 ± 3.77 J/(mol·K)], 
but appears to be very slightly lower than estimates made from various modeling studies incorporating 
phase-equilibrium data on Mg-cordierite.
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