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Introduction
Calcium carbonate, carbon dioxide and carbonic acids link

to each other in aquatic environment. Calcium carbonate has
three polymorphs; vaterite, aragonite and calcite, with
numerous variations of morphology in the natural minerals or
organisms. It is reported experimentally that that less stable
polymorphs appear by addition of impurities such as some
inorganic ions (e.g. Kitano, 1962) and organic substances (e.g.
Falini et al., 1996) or by kinetic effects (e.g. Ogino et al.,
1987). The transformation of the labile phase to the most stable
calcite is also influenced by the minor or trace impurities. The
presence of phosphate ions in solution stabilized the initially
formed vaterite by decreasing remarkably the rate of its trans-
formation to calcite (Katsifaras and Spanos, 1999). Akagi and
Kono (1995) reported that the ion activity products (IAP) of
calcium carbonate increased about 6 times when lanthanum
ion was present at the molar ratio [La]/[Ca] = 7x10-5 in the
parents solutions. We have investigated the mechanism of the
IAP increase induced by the presence of lanthanum. 

Experimental Methods
The concentration of starting solution was 15 mmol kg-1 as

CaCO3. La concentration doped in the initial solutions was in
the range of 0-17.3 µmol kg-1. CaCO3 was spontaneously
precipitated from the initial solutions in a glass reacting vessel
kept at 30 ºC. The solution was stirred during the experiment.
This vessel had a pH electrode and a sampling rubber-septum
which enabled us to sample small aliquot of solution (about
100-300 µl) under an almost closed condition. In the case of
the closed system, the total amount of carbon within the system
is constant, which makes arithmetic analysis of the carbonic
acid system possible. The amount of the precipitates and IAP
of calcium carbonate were calculated from the pH of solutions
on the assumption of chemical equilibrium among ionic
species. Recovered precipitates were characterized with
analyzed XRD and SEM. La concentration in the precipitates
and solutions were determined by ICP-MS. 

Results and Discussion 
The abundance of the each polymorphs and total CaCO3 as

a function of time are shown in Figure 1. When lanthanum
ion was doped in the initial supersaturated solution (B), a
distinct transitional stage in the reaction was observed,
whereas the transitional stage was absent without La (A). In
the stage the solutions behaved like an equilibrium state and
composition of polymorphs did not change. After the stage,
calcium carbonate precipitated quickly to reach a new state,
and the log IAP of the stage was about -7.9. This value is
close to the reported log IAP value of vaterite (-7.902 at 25
ºC by Plummer and Busenberg, 1982). We regarded this state
as the equilibrium, as the state was maintained over a long
period (more than one month). Within less than one hour
from the beginning of the reaction, vaterite formation
occurred quickly and calcite formation was inhibited. During
the metastable state, the amounts of polymorphs were
constant. After the transitional stage, the solution rapidly
precipitated calcite. The amount of vaterite remained
constant from the early stage of reaction. La concentrations
in the solution were very low (around 1 x 10-7 mol kg-1)
throughout the reaction except the very early stage of reac-
tion. On the other hand, the amounts of La in the precipitate
was relatively high and stayed almost constant during the
reaction. After the transitional stage, a decrease in La/Ca
ratio was observed. Taking into consideration that newly
precipitated polymorph was only calcite and the amount of
La in the precipitate was constant, it is inferred that newly
formed calcite contained only little amounts of La and La was
concentrated only in vaterite. Assuming that calcite contains
no La, calculated La/Ca ratio in vaterite was constant during
the reaction. It can be concluded that the transformation from
vaterite to calcite was heavily inhibited by the presence of La
in vaterite. Or, nucleation of calcite is inhibited by the pres-
ence of La in the starting solution. The vaterite became
extremely stable by concentrating La in it and stayed stable
for much prolonged time.
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Figure 1: Plots of the abundance of each polymorph and total CaCO3 as a function of time. Calcium carbonate precipitated from solu-
tions without, (A) and with La (6.0 µmol kg-1), (B).


