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Abstract: One of the most common crystal habits of the thermodynamically stable polymorph of
calcium carbonate, calcite, is the rhombohedral one, which exposes {10.4} faces. When calcite is
precipitated in the presence of Li+ ions, dominantly {00.1} faces appear together with the {10.4},
thus generating truncated rhombohedrons. This well-known phenomenon is explored in this work,
with the aim of obtaining calcite crystals with smooth {00.1} faces. In order to achieve this objective,
the formation of calcite was examined in precipitation systems with different c(Ca2+ )/c(Li+ ) ratios and
by performing an initial high-power sonication. At the optimal conditions, a precipitate consisting
of thin, tabular {001} calcite crystals and very low content of incorporated Li+ has been obtained.
The adsorption properties of the tabular crystals, in which the energetically unstable {00.1} faces
represent almost all of the exposed surface, were tested with model dye molecules, calcein and crystal
violet, and compared to predominantly rhombohedral crystals. It was found that the {00.1} crystals
showed a lower adsorption capability when compared to the {10.4} crystals for calcein, while the
adsorption of crystal violet was similar for both crystal morphologies. The obtained results open
new routes for the usage of calcite as adsorbing substrates and are relevant for the understanding of
biomineralization processes in which the {00.1} faces often interact with organic macromolecules.
Keywords: calcium carbonate; {00.1} calcite; lithium ions; ultrasonic irradiation; vaterite transformation;
adsorption; calcein; crystal violet

1. Introduction
Investigation of precipitation mechanisms of calcium carbonates (CaCO3 ) and their interactions
with additives and surface chemistry, has attracted growing interest, due to promising technological
applications [1–3] and the crucial role of this mineral in biomineralization [4–6]. Among CaCO3
polymorphs, calcite is the most frequently studied, since it is in a thermodynamically-favored
phase at ambient conditions and in the absence of additives. Calcite is an important product in
the pharmaceutical, chemical, paper, and glass industries, and is also used as a sorbent for exhaust
gasses and for the determination of the quality of drinking water [7–9]. Moreover, several organisms
possess tissues mineralized with calcite that perform vital functions, like skeletal protection and
support, light perception, or storage of calcium ions [10–13].
The morphology of calcite crystals produced in vitro is largely controlled by experimental
conditions, such as pH, temperature, and supersaturation, as well as by the presence of impurities or
additives that typically exert significant influence on the crystallization process [7,14–17]. The addition
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of inorganic additives such as Mg2+ and Li+ causes selective stabilization of calcite crystals with
different morphologies [18,19]. Thus, when precipitated in the presence of a Li+ -containing solution
undersaturated with respect to Li2 CO3 , calcite shows {00.1} faces in addition to the {10.4} ones,
which are typically obtained without additives. The extension of {00.1} faces depends on the
c(Ca2+ )/c(Li+ ) ratio [19–28]. In silico experiments on the calcite surface energy have shown that
the rhombohedral {10.4} faces are the most stable, while the {00.1} faces have lower stability in the
absence of additives [29]. The substitution of the surface Ca2+ with Li+ destabilizes {10.4} faces, making
the {00.1} ones the most stable and causing the formation of tabular crystals with {00.1} basal and {10.4}
side faces [23,29].
Calcite has been used in experimental and theoretical studies as a model substrate for the
investigation of the interactions occurring at organic-inorganic interfaces. Different classes of
compounds have been tested, ranging from those with small molecular mass, such as water [30,31],
alcohols [32], carboxylic [33,34] or amino acids [35,36], to bigger ones, such as polypeptides [37–39],
proteins [40], or polysaccharides [41]. Most of these studies focus on the interaction of molecules on the
calcite {10.4} surface, as this face is typically exposed by synthetic crystals, while the investigations of
adsorption processes on other faces are relatively unexplored. Indeed, the structure of the monoatomic
growing step on the {10.4} surface corresponds to {00.1} faces. Therefore, the study of the adsorption
process on the well exposed and dominant {00.1} faces is also relevant. because the diffusion of
additives along the {10.4} steps of calcite crystals occurs on them. Furthermore, this is a position of
strong interfacial interactions with non-constituent molecules and organic matrix in biomineralization.
This study reports an optimized procedure for the preparation of size-uniform, thin, tabular
calcite crystals with well-developed {00.1} faces ({00.1} calcite). In addition, the adsorption of model
organic molecules, calcein and crystal violet, on {00.1} calcite is examined and compared to their
adsorption on stable {10.4} faces. Besides the basic understanding of the specific {00.1} interactions with
organic molecules, the knowledge gained from this research may be relevant to technology in which
the presence of different crystal faces may tune the adsorbing capacities of a substrate. In addition,
these data can contribute to the understanding of the processes of biomineralization, since the mineral
interactions with intra-mineral macromolecules often occur exactly at {00.1} faces.
2. Materials and Methods
The reactant solutions were prepared by using the analytical grade chemicals, CaCl2 ·2H2 O, LiCl,
and NaHCO3 and deionized water (conductivity <0.055 µS·cm− 1 ). Calcium carbonate precipitation
was initiated by mixing equal volumes (200 cm3 ) of CaCl2 /LiCl solution with NaHCO3 solution.
All solutions were freshly prepared and the initial concentrations of CaCl2 and NaHCO3 were identical,
c = 0.1 mol·dm−3 , while the concentration of LiCl varied in the range from 0 to 1.0 mol·dm−3 . The initial
supersaturation, expressed with respect to calcite, was Sc ≈ 23. Calcite supersaturation, S, was defined
as a square root of the activity product quotient, S = [(aCa × aCO3 )/Ksp ]1/2 , where a indicates the
species activity and the Ksp is the calcite solubility product. The reference experiments were performed
in the absence of LiCl (reference system).
The sonication was initiated in NaHCO3 solution before mixing with CaCl2 /LiCl solution.
The systems were sonicated for 10 min and the pH was continuously measured. After that period,
the mixture was left without stirring for 5 days. The ultrasonic irradiation was performed by using the
Branson Sonifier 250 (20 kHz frequency). The ultrasound power output used in the experiments and
set at 20% was 40 W. In order to avoid overheating the system, the pulsed mode was applied (60 cycles
per minute, t = 0.2 s). The horn diameter was 5 mm and it was immersed in the center of the reaction
vessel, 5 cm above the bottom. The crystal samples were collected by filtering 10 cm3 of suspension
through a 0.22 µm membrane filter. The precipitates were washed with small portions of water and
dried at 90 ◦ C for 2 h.
The polymorphic composition of the dried samples was determined by FT-IR spectroscopy (FT-IR
TENSOR II, Bruker, Billerica, MA, USA), using the KBr pellets technique. X-ray powder diffraction,
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XRD (Philips X’Celerator diffractometer, Philips, Amsterdam, The Netherlands) was made in the
angular range 20◦ ≤ 2θ ≤ 70◦ , setting a step size 2θ = 0.05◦ and measuring time of 120 s per step.
The crystal morphology was determined by scanning electron microscopy (FEG SEM Hitachi 6400
(Hitachi, Tokyo, Japan), JEOL JSM-7000F (JEOL, Tokyo, Japan) and Phenom model G2, (Phenom-World
BV, Eindhoven, The Netherlands)), operating in low-voltage mode. The SEM samples were placed on
carbon tape without any coating. The calcium and Li+ ion content in the crystals was determined by
an ion chromatography system (ICS-1100, Dionex, Sunnyvale, CA, USA) fitted with a SC16 Analytical
Column and using 30 mM MSA eluent. The specific surface area was determined by the multiple BET
method (Micromeritics, Gemini), using liquid nitrogen.
For adsorption measurements the solutions of respective dye (c = 10 µmol·dm−3 ) were diluted in
HEPES buffer (c = 0.1 mol·dm−3 , pH 8.0). The buffer was pre-saturated with excess of rhombohedral
calcite crystals, by mixing the suspension for 1 h and filtering by means of 0.2 µm membrane filter.
Exactly 4 mg of calcite crystals (tabular or rhombohedral) were suspended in 2 mL of dye solution and
stirred for 24 h, after which the crystals were separated by centrifugation. The quantity of residual dye
in the solution was determined by UV-Vis spectroscopy (Cary UV-Vis 300Bio, Agilent Technologies,
Santa Clara, CA, USA), measuring the absorbance at λ = 495 nm (calcein) and λ = 594 nm (crystal
violet). The kinetics of adsorption was determined by the same protocol, by sampling at predetermined
time intervals.
3. Results and Discussion
3.1. Synthesis and Characterization of Thin Tabular {00.1} Calcite Crystals
The first objective of this research was to identify the optimal conditions for the preparation of
thin tabular calcite crystals, exposing predominantly the {00.1}, over the {10.4} faces. A series of CaCO3
precipitation systems having high initial supersaturation, ci (CaCl2 ) = ci (NaHCO3 ) = 0.1 mol·dm−3 ;
Sc ≈ 23, and different c(Li+ ), were initially irradiated by high-power ultrasound for 10 minutes and
the precipitates were left to age in the mother solutions without stirring for 5 days (Table 1).
The precipitates were sampled and characterized immediately after the sonication process,
continuously during the aging of precipitate, and finally after the equilibrating of the process,
which typically lasted for 5 days (Figures SI1–SI6, Table SI1). The addition of Li+ was supposed
to stabilize {00.1} calcite crystals, while the ultrasound irradiation was applied in order to influence the
nucleation and crystal growth processes, which may cause the changes of polymorphic composition,
the morphology, or the size distribution of the precipitate. Indeed, in order to test a critical role
of high-power ultrasound irradiation in the synthesis of {00.1} calcite, different types of stirring of
the solutions during the nucleation period have been applied. Thus, either a mechanical propeller,
Teflon-coated magnetic stirrer, or ultrasonic irradiation has been used during the first 10 minutes of
the precipitation process. In Figure SI7, typical progress curves, pH vs time, of the systems (ci (CaCl2 )
= ci (NaHCO3 ) = 0.1 mol·dm−3 ; c(Li+ ) = 0.3 mol·dm−3 , or c(Li+ ) = 0), stirred by different devices,
are shown. Since the initial supersaturation was relatively high in all systems, precipitation started
immediately after mixing the reactants (pH drop from 8.3 to 7.3, not shown). However, a shortening of
the induction time for vaterite formation, caused by applying more intensive agitation and seen as a
pH drop, can be observed (ultrasonic < magnetic < mechanical). At that, the most likely mechanism of
the promotion of nucleation in the case of sonication is a collapse of cavitation bubbles, which caused
localized high pressure and temperature spots, while the literature data indicated that the energetic
collisions among particles may enhance the transition of metastable vaterite to calcite as well [42–45].
In addition, the SEMs of the respective samples isolated after 5 days of aging (Figure SI8) showed
significantly different morphologies of calcite crystals. Thus, only a partial truncation of {10.4} calcite
faces occurred when magnetic or mechanical stirring were applied, while in the case of ultrasonication,
relatively uniform, thin, and hexagonal tabular crystals could be observed. Consequently, it can
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be concluded that in this particular system, the morphology of calcite can be assigned to the both
parameters, initial mode of mixing and the LiCl addition.
The results of analysis of the polymorphic distribution of the precipitates from the different
Crystals
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and ragged edges (Figure 3a and Figure SI15), which can be attributed to the etching caused by the
atmospheric CO2 dissolved in the mother solution during the aging [47,48].
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not completely
findings
areimply
consistent
SEM observations
solutions during these two events (S, Li/Ca) were not completely identical. However, these findings
are consistent with SEM observations (Figures 3, SI15 and SI16) which showed that in the system
containing c(Li+) = 0.3 mol dm−3, crystals were plate-like with well-developed {001} faces and without
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(Figure
3, Figures
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initial
the content
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range
from
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of
+
+
amount
of Li incorporated
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precipitate
and at
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endprocess
of the aging
process
was
Li
incorporated
into the precipitate
determined
the end of at
thethe
aging
was found
to vary
+ incorporation
found
to vary
in the
verybetween
narrow0.004
rangeand
between
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Again, the Li
in
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range
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%. Again,
the wt
Li+%.
incorporation
increased
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linearly
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molobtained
dm−3 (SI19),
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initial
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so the
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be
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typical
distribution
between
and tabular
calcite
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other hand,
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systems
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of {00.1}
crystalexpression
planes. Onof
the{00.1}
othercrystal
hand, in
the systems
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vaterite
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+
+
which
vaterite
was
still
present,
the
measured
incorporation
of
Li
was
significantly
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which
the measured incorporation of Li was significantly higher, which implicate different mechanisms of
+ uptake.
implicate
different
of Li+ uptake.
Thus,the
it can
be concluded
that, besides
the adsorption,
Li
Thus, itmechanisms
can be concluded
that, besides
adsorption,
the calcite
incorporates
the Li+ in
calcite structure,
incorporates
thevaterite
Li+ in particles
the crystal
while
vaterite
particles can solution
additionally
the crystal
while
canstructure,
additionally
entrap
the Li-containing
into
entrap
theIndeed,
Li-containing
solutionsupersaturation
into the pores. Indeed,
at the applied
supersaturation
level, vaterite
the
pores.
at the applied
level, vaterite
spherulites
are most probably
formed
spherulites
are most
probably
formed
by fast spherulitic
growth,
is characterized
by
by
fast spherulitic
growth,
which
is characterized
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by thewhich
increased
trapping of exactly
dissolved
the increased
trapping
of dissolved
like Li+ in this particular case [45,49,50].
impurities,
like
Li+ in this
particularimpurities,
case [45,49,50].
The results of structural, morphological, and chemical analyses of calcium carbonate precipitate
+ +containing
formed in
inthe
theLiLi
containingsolutions
solutionspointed
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that
calcite
crystals
obtained
the system
formed
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that
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calcite
crystals
obtained
in theinsystem
with
+
−
3
+) = 0.3 mol
−3 are appropriate for use in adsorption experiments, in which the {00.1}
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c(Li
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c(Li ) = 0.3 mol·dm are appropriate for use in adsorption experiments, in which the {00.1} crystal
crystal
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the prepared
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in size,
faces
should
investigated.
Namely,Namely,
the prepared
crystals crystals
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uniform uniform
in size, without
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without expressed
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{10.4}
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well as ofthe
content of Li
incorporated
Li+low
, is
expressed
macro-steps
and {10.4}and
faces,
as well
as the
incorporated
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low (Figure SI19)
(Figure
SI19)
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Table 1. Properties of the precipitate and the calcite crystal obtained after initial sonication and 5 days
of aging in mother solutions, containing different concentrations of Li+ ions. In the system with
c(Li+ ) = 1.0 mol·dm−3 , about 2 wt % of vaterite has been obtained as well (d ≈ 3 µm).
c(Li+ )/
mol·dm−3

w(calcite)/
wt %

Particle Size */
µm

Aspect Ratio #

I(10.4) /I(00.1)

w(Li)/wt %

0

100

9

68

0

0.1

100

11/27

39

0.004 ± 0.00017

0.3

100

12/32

25

0.008 ± 0.00011

0.5

100

23/43

30

0.012 ± 0.00015

0.7

100

23/40

23

0.015 ± 0.00023

1.0

98 ± 0.055

30/48

11:1
27:1
12:1
32:1
23:1
43:1
23:1
40:1
30:1
48:1

21

0.049 ± 0.00037

* Two values indicate two different population of crystals. # The aspect ratio indicates the ratio between the longest
axis of (00.1) planes and the thickness of the crystals: values of two different populations are shown.

3.2. Adsorption of Model Molecules
The adsorption proprieties of {00.1} calcite prepared in the system c(Li+ ) = 0.3 mol·dm−3 were
compared with the {104} calcite obtained by the same procedure but in the absence of Li+ . The specific
surface area of the {00.1} calcite used for the adsorption experiments was, s = 0.38 m2 ·g−1 , while of
the {10.4} calcite was, s = 0.34 m2 ·g−1 . At that, calcein and crystal violet (CV) have been selected as
representative organic molecules (Figure SI20), due to their different chemical properties and strong
molar extinction coefficients. Calcein possess 4 carboxyl groups are negatively charged at pH 8.0 and
can chelate Ca2+ , while CV possesses terminal amine groups, which are positively charged at pH 8.0.
The actual adsorption of the selected dye molecules on the surface of the calcite crystals with
different dominant crystal faces has been visualized by confocal microscopy. Figure 5 shows typical
microphotographs of the plate-like and rhombohedral calcite crystals labeled with calcein. It can be
seen that, within the limits of the resolution of the technique, calcein only partially covers the {00.1}
faces, while a more intense fluorescence is observed on the {10.4} planes. The respective confocal
images
thePEER
consecutive
Crystalsshowing
2018, 8, x FOR
REVIEW crystal sections of the same motif are shown in Figure SI21. 9 of 13

Figure
Confocalmicroscopy
microscopy images
with
adsorbed
calcein.
(a, b)(a,
{10.4}
calcite,
(c,
Figure
5. 5.Confocal
imagesof
ofcalcite
calcitecrystals
crystals
with
adsorbed
calcein.
b) {10.4}
calcite,
d)
{00.1}
calcite.
The
insets
show
the
corresponding
transmission
optical
microscopy
images.
The
(c, d) {00.1} calcite. The insets show the corresponding transmission optical microscopy images.
scale
bars
areare
50 50
µmµm
(a,c)
andand
10 µm
(b,d).
The
scale
bars
(a,c)
10 µm
(b,d).

The obtained results and different abilities for adsorption can be ascribed either to the different
structure of the crystal planes, or to the chemical nature of the adsorbate molecule. {00.1} calcite
exposes alternating planes of Ca2+ and CO32− ions, with a preference for the latter [27], while the {10.4}
face exposes both ions. The different chemical structure, and the net charge which exists at the
conditions applied, are responsible for the observed different adsorption properties. Thus, positively
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The adsorption properties of the calcite crystals of different morphologies have been determined
by equilibrating them in solutions containing respective dye molecules for 24 h and by measuring the
residual concentration after the crystals have been separated. No further adsorption was observed
after 24 h. The kinetics of the adsorption have been determined as well (Figures SI22 and SI23), and it
could be seen that the concentration of adsorbed CV is much higher in comparison to calcein and for
both crystal morphologies. In order to additionally understand a mode of specific molecule/surface
interactions, the experiments designed in a different way will be performed. The equilibrium
concentration of dye adsorbed on the surfaces of different calcite crystals is presented in Figure 6,
which shows stronger interactions of CV with both morphologies, while the adsorption of calcein on
8, x FOR
PEERas
REVIEW
10 of 13
{10.4}Crystals
faces 2018,
is about
twice
strong as the adsorption on {00.1} faces.

Figure
6. The
concentration
respectivedye
dye molecules
molecules adsorbed
after
24 24
h ath the
surface
of {00.1}
Figure
6. The
concentration
of of
respective
adsorbed
after
at the
surface
of {00.1}
or {104}
(green)
calcite
crystals.
(blue)(blue)
or {104}
(green)
calcite
crystals.

4. Conclusions
The
obtained results and different abilities for adsorption can be ascribed either to the different
structure A
ofprocedure
the crystal
or to the
chemical
of the{001}
adsorbate
molecule.
calcite
for planes,
the preparation
of uniform
andnature
thin tabular
calcite was
proposed.{00.1}
Tabular
2+ and CO 2− ions, with a preference for the latter [27],
+
exposes
alternating
planes
of
Ca
while
calcite, which exhibited triangular and hexagonal
faces, was precipitated from the Li -doped the
3
{10.4}systems.
face exposes
both ions.
The different
chemical
structure,
net charge
which
exists at the
In addition,
the kinetics
of formation
of calcite
crystalsand
withthe
a specific
tabular
morphology
were demonstrated
during the solution-mediated
process, properties.
in which predominantly
conditions
applied, are responsible
for the observedtransformation
different adsorption
Thus, positively
+ concentrations caused a slower
vaterite
that,on
it was
shown
that higher
charged
CV initially
is moreappeared.
likely to With
adsorb
calcite
crystals,
whichLitypically
possesses a net negative
conversion
to calcite.
The tabular
{001} calcite,
optimal
fordetermined
investigationpreviously
of adsorption,
waszeta
obtained
charge
at wide range
of solution
composition
and
pH, as
by the
potential
at moderate Li+ concentration, c(Li+) = 0.3 mol dm−3: the crystals were relatively uniform in size and
measurements [15]. The interactions of calcein are significantly stronger with the {10.4} than with
{00.1} predominated over the other faces.
the {00.1} calcite surfaces, which is consistent with previous studies in which a Langmuir isotherm
The adsorption properties of the tabular {001} calcite was investigated by using two model
was proposed
describe The
the results
process
On the
it is known
thatcompared
the surface
of {00.1}
organic dyetomolecules.
of[51].
adsorption
of other
calceinhand,
and crystal
violet were
to their
+ in the form of lithium carbonate islands [25,26], so the surface
faces adsorption
exposes the
incorporated
Li
on more common {10.4} calcite morphologies, in order to understand their interfacial
2+ , is limited
complexation
of calcein
molecules,
which
interact
by their capability
carboxylate
groups
with
Cacalcite
dynamic and
reactivity.
It was found
that
the adsorption
of the
tabular
{001}
is
or even
suppressed.
It follows
that{104}
on the
tabular
faces,
interaction
the organic
calcein can
lower
than the capability
of pure
faced
crystals{00.1}
and that
the the
adsorption
of thewith
selected
molecules depends
charge.
predominantly
happenon
ontheir
the functional
steps andgroups
kinks and
exposed
by the {00.1} faces. The interaction between
Since
it
is
known
that
dissolved
organic
molecules
play an important
role in the
regulation
of the
the CV and the surface of calcite crystals is purely electrostatic,
unlike calcein
which
requires
crystal
growth
during
the
biomineralization
process,
which
is
a
consequence
of
their
adsorption
and
2+
complexion of Ca , and is therefore less selective with regards to the structure and coordination
absorption on/in crystal face, this research contributes to understanding a mode and extent of
of surfaces. Indeed, as shown in the Figure 6, the amount of adsorbed CV was similar for both
interfacial interactions at different crystal planes.
calcite morphologies.
Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Figures SI1–SI6: FTIR
spectra of the precipitates obtained in the system with different concentration of Li+; Table SI1: Assignment of IR
4. Conclusions
bands in FTIR spectra in all systems during the transformation; Figure SI7: The progress curves of different

A
proceduresystems;
for theFigure
preparation
uniform
and thin
tabular
{001}incalcite
wasagitated
proposed.
Tabular
precipitation
SI8: SEMofimages
of calcite
samples
obtained
differently
systems;
Figures
SI9–SI14:
PXRDtriangular
patterns of and
the precipitates
obtained
the precipitated
system with different
concentrations
Li+;
calcite,
which
exhibited
hexagonal
faces, in
was
from the
Li+ -dopedofsystems.
Table SI2: Assignment of peaks in PXRD patterns in all systems during the transformation; Figures SI15–SI16:
In addition, the kinetics of formation of calcite crystals with a specific tabular morphology
were
Scanning electron micrographs of calcite samples obtained in the systems with different Li+ addition; SI17:
demonstrated
during
the solution-mediated
transformation
process,
which
predominantly
vaterite
Figure in
SI18:
Relative
intensities of {00.1}
Vaterite samples
prepared
in the systems with different
Li+ addition;
with respect to the {10.4} calcite diffraction peaks and the aspect ratios, shown as a function of solution
concentration of Li+; Figure SI19: Amount of lithium in precipitate separated from the solution after 10 minutes
of sonication and after 5 days of aging; Figure SI20: Molecular structure of calcein and crystal violet; Figure SI21:
Consecutive confocal images of calcite crystals labeled with calceine; Figure SI22: The kinetics of adsorption of
calcein and crystal violet on rhombohedral calcite crystals; Figure SI23: The kinetics of adsorption of calcein and
crystal violet on tabular calcite crystals.
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initially appeared. With that, it was shown that higher Li+ concentrations caused a slower conversion
to calcite. The tabular {001} calcite, optimal for investigation of adsorption, was obtained at moderate
Li+ concentration, c(Li+ ) = 0.3 mol·dm−3 : the crystals were relatively uniform in size and {00.1}
predominated over the other faces.
The adsorption properties of the tabular {001} calcite was investigated by using two model organic
dye molecules. The results of adsorption of calcein and crystal violet were compared to their adsorption
on more common {10.4} calcite morphologies, in order to understand their interfacial dynamic and
reactivity. It was found that the adsorption capability of the tabular {001} calcite is lower than the
capability of pure {104} faced crystals and that the adsorption of the selected organic molecules depends
on their functional groups and charge.
Since it is known that dissolved organic molecules play an important role in the regulation of
crystal growth during the biomineralization process, which is a consequence of their adsorption
and absorption on/in crystal face, this research contributes to understanding a mode and extent of
interfacial interactions at different crystal planes.
Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4352/9/1/16/s1,
Figures SI1–SI6: FTIR spectra of the precipitates obtained in the system with different concentration of Li+ ; Table
SI1: Assignment of IR bands in FTIR spectra in all systems during the transformation; Figure SI7: The progress
curves of different precipitation systems; Figure SI8: SEM images of calcite samples obtained in differently agitated
systems; Figures SI9–SI14: PXRD patterns of the precipitates obtained in the system with different concentrations
of Li+ ; Table SI2: Assignment of peaks in PXRD patterns in all systems during the transformation; Figures
SI15–SI16: Scanning electron micrographs of calcite samples obtained in the systems with different Li+ addition;
SI17: Vaterite samples prepared in the systems with different Li+ addition; Figure SI18: Relative intensities of
{00.1} with respect to the {10.4} calcite diffraction peaks and the aspect ratios, shown as a function of solution
concentration of Li+ ; Figure SI19: Amount of lithium in precipitate separated from the solution after 10 minutes of
sonication and after 5 days of aging; Figure SI20: Molecular structure of calcein and crystal violet; Figure SI21:
Consecutive confocal images of calcite crystals labeled with calceine; Figure SI22: The kinetics of adsorption of
calcein and crystal violet on rhombohedral calcite crystals; Figure SI23: The kinetics of adsorption of calcein and
crystal violet on tabular calcite crystals.
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