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The calcite group, which consists of calcite (CaCO3), magnesite (MgCO3) and their mixed crystal
dolomite (CaMg(CO3)2), is the most representative among the trigonal carbonate salts [1]. A po-
tential difference between these crystals and typical ionic crystals like NaCl is that the structural
units of a simple ionic material are single cations and anions, which are ionically bonded; while the
carbonate matrix consists of cations and a trioxygen carbonate radical. Experiments of charge
transport under pressure provide information on the nature of the conduction mechanism and
provide volume defect parameters, like the activation volume [2]. The collection of the values of
the activation volume for the mixed crystal and its compounds is desirable, for understanding the
influence of the lattice constant variation (long range effect) and the modification of the environ-
ment (the structural units), which surrounds the transferring charge carrier, on the value of the
activation volume. The activation volumes for the electric charge transport in dolomite and magne-
site were presented previously [3, 4]. In the present work, the pressure variation of the conductiv-
ity of calcite was studied and the activation volume was estimated. A correlation between the
activation volume and the unit cell volume of the matrix is discussed.

The samples of CaCO3 were prepared from a high quality and known impurity content single
crystal of calcite from Iceland, by cutting them along their cleavage planes. Detailed information is
given in [5]. The conductivity measurements were performed at room temperature in a piston-type
apparatus, which operated from the atmospheric pressure to 3 kbar. Details about the experimen-
tal setup and the measuring procedure can be found in [3, 4].

In Fig. 1 the logarithm of the conductance G reduced to the ambient-pressure conductance Go is
depicted as a function of pressure. A heat bath maintained a constant temperature value T ¼ 298 K.
The reduction of the conductance indicates that the conduction mechanism proceeds through ionic
transport. The value of the activation volume uact, which is defined as the pressure derivative of
the Gibbs free energy gact of the activation process at constant temperature [6] is obtained from
conductivity measurements [6]:
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where k denotes the Boltzmann constant, G is the sample conductance, g is the Grüneisen con-
stant for the mode related to ionic conduction and c is the isothermal compressibility of the mate-
rial. The ln (G=Go) values fall linearly with pressure up to about 2 kbar. A departure from linear-
ity appears in the high-pressure limit. The curvature may be attributed to the activation of
additional migration paths with the increased pressure. By fitting a line to the low-pressure data
points, we get @ lnG=@Pð ÞT ¼ �ð0:54 � 0:04Þ kbar�1. The Grüneisen constant was set equal to 1.7,
which is a value typical for the majority of ionic materials [7]. The isothermal compressibility is
c ¼ 1.37 kbar–1 [8]. By replacing the aforementioned data in Eq. (1) we get
uact ¼ ð13:1 � 0:9Þ cm3=mol.

The activation volume values for the calcite group members against the volume of the unit cell
are shown in Fig. 2. We observe that the activation volume decreases linearly with increasing unit
volume V at a rate of duact=dV ¼ �1:7 � 0:1. This systematic trend can be understood as follows:
The activation volume can be viewed as the difference of the volume of the sample when the
transferring ion is located at the saddle point (separating two neighboring equilibrium sites) and at
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its equilibrium site (ground state) [7]. In this sense, a large activation volume value is indicative
for a significant lattice distortion as the transferring ion passes over the saddle point. A small unit
cell (as that of magnesite) provides a restricted ‘free’ volume to the ion migration and, therefore,
the activation volume value is large. On the contrast, in calcite, where the unit cell volume is large,
the lattice distortion is small and the activation volume value is reduced.
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Fig. 1. The logarithm of the conductance G reduced to the ambient conductance Go as a function of
pressure. The circles correspond to the pressurization stage and the triangles to the stage of pressure
release. The line was fitted to the low-pressure data points. The temperature was kept constant at
T = 298 K

Fig. 2. The room temperature activation volume values for the calcite family members: magnesite
(MgCO3) [5], dolomite (CaMg(CO3)2) [4] and calcite (CaCO3) (present work). The dashed line was fitted
to the data points




