
HZDR  |  Institute of Resource Ecology  |  Annual Report 2016 32 

Incorporation of Eu(III) into calcite under recrystallization conditions 
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The interaction of three calcite powders with Eu(III) 
under recrystallization conditions was studied on the 
molecular level using site-selective time-resolved laser 
fluorescence spectroscopy (TRLFS). Batch contact 
studies with reaction times from 1 week up to 3 years 
revealed that the speciation differs from that observed 
previously in co-precipitation experiments and is dom-
inated by a newly identified species „γ“. The speed of 
formation of this species was found to depend greatly 
on the recrystallization rate of the studied minerals.

[1]
 

Calcite is present in clay rock formations as well as the ma-
jor degradation product of cementitious materials. Conse-
quently, calcite may play a significant role as a retention 
barrier for the transport of contaminants in the environment. 
Its performance as such a barrier will depend on the specific 
conditions of this interaction.[2] 
 
EXPERIMENTAL. Three calcite powders (C1 – 3) were 
chosen for this study. C1 and C3 were obtained as powders 
from Merck and Solvay. C2 was obtained from Ward’s Sci-
ence, U.S.A., as a single crystal and ground to a grain size 
< 63 µm. All solids were characterized by powder XRD, 
BET, and SEM. The specific surface area of the powders 
was found to be 0.6 ± 0.1, 1.1 ± 0.1 and 18.0 ± 0.1 m²/g for 
calcite C1, C2 and C3, respectively.[1] 

RESULTS. The exchange rate of calcium ions between the 
solid and liquid phase was determined by tracer experiments 
using 45Ca (Fig. 1). It is commonly assumed that the kinetics 
of this exchange is directly linked to the recrystallization 
rate and, therefore, the reactivity of calcite.[3] 
Three stages of recrystallization kinetics can be identified. 
The highest rate is observed within the first hours of the re-
action, followed by a decrease of the rate and eventually 
equilibrium. Both calcites C2 and C3 exhibit significantly 
higher rates compared to C1, which does not reach equilib-
rium within the reaction time. 
We used site-selective TRLFS to identify Eu(III) species in 
each of the three calcite materials at various stages of the 
reaction (Fig. 2). In total, four species named α – δ were 
identified. Each species was subsequently characterized by 
their emission spectra and fluorescence lifetimes (Tab. 1). 
The main product of the incorporation reaction is none of 
the species A, B, or C that were previously identified in co-
precipitation experiments,[4] but instead the new species γ 

was identified. The site occupied by species γ is of low 
symmetry (as all other species) and bears little resemblance 
to the trigonal Ca site. The newly identified incorporation 
mechanism must then either induce a significantly stronger 
distortion in the crystal’s lattice, or Eu occupies a non-
crystallographic site. One could speculate that the structural 
control of a local disturbance in the lattice is stronger in the 
slow process close to equilibrium than in the faster reaction 
upon mineral growth. During growth of calcite, cations 
would be expected to adsorb in crystallographic locations, 
while in case of recrystallization the initial sorption reaction 
may be more likely at surface defects. 

We observed two other incorporation species, α and β. Spe-
cies β has been observed in previous co-precipitation exper-
iments as species B.[4] Species α was hitherto unknown and 
is always a minor species. It remains unclear what the 
mechanism of formation of these minor species is, and 
whether they are transitory species. Species β only occurs 
after species γ, and γ is not significantly reduced where it 
occurs, so the two species must form independently. 
Our findings conclusively show that Eu(III) is incorporated 
into calcite under recrystallization conditions. The observed 
speciation is different from that found in co-precipitation 
experiments and will depend on calcite’s recrystallization 
rate or reaction kinetics. Eventually, species γ becomes pre-
dominant independent of the time required to reach this 
point. This means that calcite will act differently as a reten-
tion barrier, e. g. on a nuclear waste disposal site, depending 
on whether it is present as a component of the host rock 
formation and, thus, close to thermodynamic equilibrium or 
formed later on as a secondary phase. 
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Fig. 1: Amount of recrystallized calcite (µmol) (■) C1, (●) C2 and (▲) 
C3 (m/v = 2.5 g / L, 0.01 mol / L NaCl) as a function of time. 

Fig. 2: 7F0 → 5D0 Excitation spectra after 7 days (C1 – C3), 30 days (C1 –
 C3), 60 days (C2 and C3) and after longer reaction times (C1 
450 and 1150 days; C2 380 days). 

Tab. 1: Characteristics of the observed species. 

 α β γ δ 

λexc. (nm) 578.2 578.4 578.8 579.4 
τ (µs) 3700 ± 350 2450 ± 150 3750 ± 450 700 ± 50 
n(H2O) 0.0 0.0 0.0 0.9 

 


