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A B S T R A C T

We have conducted the first study on the effect of ergocalciferol (vitamin D2) on the polymorphism of calcium
carbonate. CaCO3 particles are synthesised from aqueous solutions of sodium carbonate and calcium chloride, in
the presence of vitamin D2 with different concentrations, at temperatures ranging from 25 to 80 °C. The effect of
the additive on the polymorphism and the morphology of the CaCO3 crystallites are characterised using X-ray
quantitative phase analysis, scanning electron microcopy (SEM) and Fourier transform infrared spectroscopy
(FT-IR). Our results show that the presence of vitamin D2 has an impact on the morphology and composition of
the CaCO3 crystallites. Vitamin D2 was demonstrated to promote the formation of aragonite à 50 °C with a
volume fraction that can reach 83%. Such effect can be attributed to the formation of D2-Ca+2 ion solution
complexes and their adsorption on the surfaces of the CaCO3 crystallites.

1. Introduction

It is well known that nature is able to produce a variety of biogenic
minerals, which are often characterised by their hierarchical structure
and their remarkable properties [1]. The formation of such materials in
living organisms is based on the biomineralisation process [2]. In
mollusc shells, several researches have demonstrated that this physico-
chemical process is controlled by an organic matrix which consists
mainly of proteins and polysaccharides [3,4]. Although it represents
only 5 wt% of the total composite [5,6], this organic matter induces an
oriented nucleation of crystals [7] and gives rise to the exceptional
properties of the resulting biocomposite [8,9]. During the last years, a
great effort has been devoted to investigate biomineralisation [10].
Understanding this biogenic process would open a promising way to
find new synthetic processes for elaborating high performance mate-
rials from soft chemistry, which will be indeed a scientific and eco-
nomic challenge [10].

For these reasons, biomaterials have been the subject of extensive
researches [11]. Most of these studies are concerned about the influence
of additives on the crystallisation of calcium carbonate (CaCO3) [12].
This mineral has an important biogeochemical role [13], being the
constituent of coral [14,15] and the most important building material
in living organisms like mollusc shells [16–18] and pearls [19]. Fur-
thermore, calcium carbonate has a major role in storage of CO2 in
nature and has thus an impact on global warming and sea-water de-
acidification [20,21]. Being non-toxic and biocompatible towards body

fluids [22], CaCO3 particles offer interesting applications and ther-
apeutic potential in the medical field [23,24].

Calcium carbonate particles are easy to synthesise at specific sizes
and morphologies. Moreover, their presence in several allotropic forms
makes them good candidates for studying and understanding the me-
chanisms of biomineralisation adopted by living organisms [25]. Cal-
cium carbonate has three anhydrous crystalline polymorphs: calcite is
the most thermodynamically stable phase at ambient conditions of
pressure and temperature [26], aragonite is stable at higher tempera-
tures [27] and vaterite is the rarest and the most unstable phase. While
the crystal structures of calcite and aragonite have been determined
long time ago, the vaterite structure is still subject of continuous con-
troversy [28].

Previous investigations have demonstrated that the crystallisation of
the three polymorphs of CaCO3 can be modified by different types of
organic additives such as polymers, self-assembly monolayers,
Langmuir monolayers, and soluble and insoluble matrices [29,30]. It
was found that functional groups like eOH, eCOOH and eNH2 can
modify the equilibrium of the formation of the three polymorphs of
CaCO3 [31]. The cooperative organic-inorganic imprecation may lead
to interesting results such as the formation of vaterite phase at 200 °C in
the presence of ADTPA acid [32]. Vaterite is also stabilised in the
presence of pectin [33], while aragonite is formed in the presence of
Mg2+ ions [34,35]. Reddy et al. [36,37] investigated the growth of
calcite crystals in the presence of 1,2,3,4-yclopentanetetracarboxylic
(CPTCA) and tetrahydrofuran-2,3,4,5-tetracarboxylic (THFTCA) acids
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and showed that they are good inhibitors of their growth.
The presence of additives also influences the morphology of CaCO3

crystals, as it was reported by Zhu et al. [37]. These authors have ob-
tained calcite with different morphologies, such as pseudo-dodecahe-
drons, rods and rosettes, by varying the concentration of the β-cyclo-
dextrin-b-polypeptide. By studying the amphiphilic effect of organic
matter like a polysaccharide alginate, Leng et al. [38] obtained rhom-
bohedral calcite which transforms into lens-shapes. Murai et al. [39]
suggested that the morphology of aragonite crystals obtained on β-
sheet-peptide substrate was regulated by the rate of growth, which was
influenced by the arrangement of the functional groups of peptides.
They concluded that hybrid organic-inorganic materials could be se-
lectively produced under mild conditions by designing peptide models.
Recently, Shi et al. [40] have successfully synthesised porous nano-
particles of CaCO3-PAA (Poly Acrilyc Acid) that have proved their ef-
fectiveness in decreasing the propagation of cancer cells. The same
result was reported by Dong et al. [31,41] using mono-dispersed CaCO3

nanoparticles modified with polyethylene glycol (PEG). Very recently,
Liu et al. [42] have succeeded to control the shape of lateral CaCO3

crystals, a substrate – poly(ε-caprolactone) (PCL), by taking advantage

of the effect of the lateral orientation degree of PCL and the con-
centration of the PAA additive. Chen et al. [43] have provided a new
idea to introduce silk fibroin into the microbial mineralization system.

In the present paper, we investigate the effect of ergocalciferol
(vitamin D2) on the precipitation of CaCO3 in the [25–80 °C] tem-
perature range. The choice of vitamin D2 as additive is motivated by its
ability to complex Ca2+ ions and its importance in the mineralisation of
bones in the metabolism of living organisms. Such feature is expected to
have an impact on the formation of CaCO3 crystallites from solution.
The effects of the additive on the morphology and the composition of
the formed CaCO3 crystals are investigated using scanning electron
microscopy, FT-IR and X-ray diffraction quantitative phase analysis
using the Rietveld method.

2. Experimental procedure

2.1. Materials

Calcium chloride CaCl2 and sodium carbonate Na2CO3 from Prolabo
were used as reactants. All chemicals were of analytical grades and used
without further purification. The crystallisation of the different samples
was obtained by mixing two 0.1M equimolar solutions of CaCl2 and
Na2CO3 at three different temperatures: 25 °C, 50 °C and 80 °C. After
mixing, the solution was maintained at a fixed temperature under
magnetic stirring for 15min. Vitamin D2 (Fig. 1), from Acros Organics,
was added to the solution of CaCl2 with two different concentrations,
i.e. 0.1 g/L and 0.2 g/L. The powder precipitate obtained after filtration
was rinsed with acetone and doubly distilled water. Finally, the CaCO3

precipitates were dried at 60 °C for 1 h, resulting in finely grained
powders.

2.2. Characterisation

All samples were characterised by using X-ray diffraction (XRD).
The XRD diagrams of the prepared samples were measured on a Rigaku
Mini flex-II diffractometer using the Cu-Kα radiation (λkα1= 1.5406 Å)
and a scan step of 0.02° (2θ). The volume fraction of each CaCO3

polymorph was refined using the Rietveld method as implemented in
the MAUD software [44]. In this procedure, the standard rhombohedral
(R C3 ) and orthorhombic (Pmcn) crystal structures were adopted for

Fig. 1. Ergocalciferol D2.

Table 1
Refined parameters obtained by Rietveld refinement and quantitative phase analysis using MAUD.

Phase a (Å) b (Å) c (Å) Volume fraction % Cristallite size (Å) Rb(%), Rwp (%), Rexp (%)

T=25 °C Without additive Calcite 4.9875(3) 17.041(1) 32.1(3) 1758 (49) 9.9, 12.9, 9.8
Vaterite 8.4614(8) 7.149(1) 4.1214(9) 67.4(6) 569 (13)

T= 25 °C with 0.1 g/l of D2 Calcite 5.01213(7) 17.0959(4) 70.2(6) 2029(35) 9.2, 12.8, 7.5
Vaterite 8.4994(8) 7.17685(3) 4.1440(3) 29.7(9) 570(8)

T= 25 °C with 0.2 g/l of D2 Calcite 4.9905(1) 17.0477(8) 45..(3) 1977(37) 12.3, 7.9, 7.1
Vaterite 8.4614(6) 7.1673(7) 4.1150 (4) 54.7 (9) 569 (10)

T= 50 °C Without additive Calcite 4.98938(9) 17.0418(4) 46.6 (9) 2062(39) 11, 8.2, 8.1
Vaterite 8.473(2) 7.163(1) 4.126(3) 8.0 (9) 569 (9)
Aragonite 4.9538(3) 7.9743(6) 5.7404 (3) 45.4(9) 568(7)

T= 50 °C with 0.1 g/l of D2 Calcite 4.9814(3) 17.015(1) 17 (2) 1261(24) 11.9, 10.2, 7.3
Aragonite 4.9487(2) 7.9517(4) 5.7306(3) 83.1(6) 619(1)

T= 50 °C with 0.2 g/l of D2 Calcite 5.0379 (1) 17.2128(6) 44 (3) 1775(42) 12.1, 8.99, 8.2
Vaterite 8.545(4) 7.235(1) 4.151(5) 9.6(1) 561(8)
Aragonite 5.0016(3) 8.0560(7) 5.7965(1) 46.6 (6) 652(30)

T 80°c without Additive Calcite 4.9823(5) 17.0412(7) 14(2) 2067(1 3 7) 12.2, 10.4, 7.9
Aragonite 4.9539(1) 7.9617(3) 5.7409(3) 86.2 (5) 1072(1)

T= 80 °C with 0.1 g/l of D2 Calcite 4.9727(3) 17.0109(9) 33(3) 1735(22) 12.8, 10.9,8.4
Aragonite 4.9480(2) 7.9447 (5) 5.7256(3) 67.1 (8) 899(7)

T= 80 °C with 0.2 g/l of D2 Calcite 4.9943(1) 17.0583(6) 20(2) 1737(40) 9.8, 7.8, 8.5
Aragonite 4.9610(1) 7.9725(3) 5.7464(2) 80(1) 716(2)
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Fig. 2. Calculated (lines), observed (dots), and difference curves after the last cycle of Rietveld refinement for quantitative phase analysis: (a) Sample at 25 °C without
D2 vitamin addition (b) 25 °C with 0.1 g/L of vitamin D2; (c) 25 °C with 0.2 g/L of vitamin D2; (d) 50 °C without vitamin D2; (e) 50 °C with 0.1 g/L of vitamin D2; (f)
50 °C with 0.2 g/L vitamin D2; (g) 80 °C without vitamin D2; (h) 80 °C with 0.1 g/L of vitamin D2; (I) 80 °C with 0.2 g/L of vitamin D2.

L. Amer et al. -RXUQDO�RI�&U\VWDO�*URZWK��������������²��

��



calcite and aragonite (COD n° 9007689 and n° 2100187 respectively
[45]). For the vaterite phase, the orthorhombic (Ama2) crystal struc-
ture, proposed by Le Bail et al. [28] (COD n° 3000000) was used. The
mean crystallite sizes were refined using an isotropic model without
micro-strain. The instrument broadening was calibrated using the LaB6
660 srma standard. The three phases were declared in the diagrams,
and the phase content parameters were released for two of them, con-
straining the sum to 100% in volume. During the Rietveld refinement,
the cell parameters were also released to get the best reliability factors.
No preferred orientation was detected in the diagrams. The

microstructure of the CaCO3 assemblies obtained from the solutions
was imaged using a scanning electron microscope (SEM, JSM-6700F,
JEOL). Fourier transform infrared spectra (FT-IR) were measured on a
Shimatzu IR Infinnity-1S instrument in transmission mode.

3. Results and discussion

3.1. Effect of vitamin D2 at 25 °C

At 25 °C, in the absence of additive, quantitative phase analysis

Fig. 2. (continued)
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Fig. 2. (continued)
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using the Rietveld method converges to a reasonably good solution
(Table 1) with a pretty flat difference curve (Fig. 2a). The volume
fraction of calcite is 32.6(3)%, the complement to 100% being only
associated to vaterite, with 67.4(6)%, without any detectable amount of
aragonite (Fig. 3). The mean crystallite sizes are 1758(49) Å for calcite
and 569(13) Å for vaterite (Fig. 4). FT-IR analysis (Fig. 5) confirms the
sole presence of calcite and vaterite in this sample, through their
characteristic bands at 712 cm−1 and 873 cm−1 [46], and at 744 cm−1

and 1084 cm−1 [41] respectively. SEM images (Fig. 6a, b and c) reveal
a mixture of spherical vaterite and calcite rhombs which are the usual
morphologies of the two polymorphs at this temperature. The average
diameter and edge particles are 4 µm for the porous vaterite and 4.5 µm
for calcite. The crystallite mean size of vaterite and calcite crystals,
obtained by using XRD, is found smaller than the sizes revealed by SEM.
This is attributed, in the case of vaterite, to the fact that the spherical-
like particles are composed of radially disposed nano-acicular crystal-
lites and to the presence of crystal imperfections, visible as straight
lines, in the case of calcite. From the point of view of x-ray diffraction,
this means that the coherent domains (crystallites) are smaller than the

grains as seen from SEM.
In the presence of 0.1 g/L of vitamin D2, quantitative phase analysis

shows an evolution of polymorph fractions; we note an enhancement of
the volume fraction of calcite to 70.2(6)% and a decrease of that of
vaterite to 29.7(6)% (Fig. 3). Furthermore, the additive increases the
crystallites size of calcite phase to 2029(35) Å (Fig. 4). This indicates
that the presence of vitamin D2 promotes the growth of the calcite
phase. The SEM images reveal a modification of the crystals mor-
phology for the interpenetrated rhombic particles with an average edge
of 6 µm for calcite (Fig. 6d and e). Such morphology was also observed
by Ouhenia et al. [47] who investigated the precipitation of CaCO3 in
the presence of Poly Acrilyc Acid (PAA). Otherwise, no change is ob-
served in the morphology of the vaterite particles with an average
diameter of particles of 5 µm (Fig. 6f).

By increasing the concentration of the additive to 0.2 g/L, the cal-
cite and vaterite volume fractions become 45.3(3)% and 54.7(9)%,
respectively. The presence of the two phases are also confirmed by the
FT-IR spectrum with the appearance of the absorption peak of vaterite
at 744 cm−1 [41] and that of calcite at 712 cm−1 (Fig. 5). Fig. 6g shows

Fig. 3. Volume fraction of CaCO3 polymorphs in the presence or not of vitamin D2 at different temperatures and concentrations.

Fig. 4. Mean crystallite sizes of polymorphs in the presence or not of vitamin D2 at different temperatures and concentrations.
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a hierarchical morphology of the calcite with an average edge of 5.5 µm
and Fig. 6h shows that the morphology of the vaterite has changed from
spherical-like to cauliflower shape with an average diameter of 4.5 µm.
This structure is the result of an aggregation of small crystallites which
are limited in growth after the nucleation step. No change is observed in
the morphology of the calcite particles, while an increase in their
average edge to 9 µm is noted. This indicates that the presence of vi-
tamin D2 increases the calcite particle sizes which can be explained by
the affinity of the vitamin D2 with the ion Ca2+ which gives binding
sites to the growing crystal after the nucleation stage.

3.2. Effect of vitamin D2 at 50 °C

Without vitamin D2, in addition to calcite and vaterite which occur
with volume fractions of 45.4(9)% and 8.0(9)%, respectively, aragonite
is also present with a volume fraction of 46.6 (9)% (Fig. 3). This is
consistent with the thermodynamic stability of the three phases at this
temperature. Otherwise, the presence of the three phases was further
confirmed by FT-IR spectra, with a peak at 712 cm−1 for calcite, at
700 cm−1 for aragonite and at 744 cm−1 for vaterite (Fig. 5). SEM
images show rhombs with regular and smooth faces of calcite with an
average edge of 7.5 µm (Fig. 7a), raspberry-like particles of vaterite
(Fig. 7b) and whiskers of aragonite with an average length of 10.5 µm
(Fig. 7b).

By incorporating 0.1 g/L of additive, XRD Rietveld refinement re-
vealed an enhancement of the volume fraction of aragonite to
83.1(6)%, while that of calcite and vaterite drop down to 17(2)% and
0%, respectively (Fig. 3). Although, no influence of the additive on the
morphology of calcite particles is observed, the average edge of these
particles decreases to 5 µm (Fig. 7c). In presence of additive, the mor-
phology of the aragonite crystallites changes to needle-shaped with a
rough surface (Fig. 7c). From Fig. 6e, we can see also that the needles
are linked to the surface of the spheres. Gopi et al. [32] attributed this
to the porosity of the vaterite which facilitates the bending of the
needle-like particles of the aragonite; by contrast to our present work,
no vaterite phase is detected. We estimate the lower detectable limit for
this phase to less than 0.1% with our measurements. This indicates that
the sphere-like particles of 2 µm in the middle of the whisker shown in
the figure are not composed of vaterite using our elaboration condi-
tions.

By increasing the concentration of vitamin D2 to 0.2 g/L, the ara-
gonite content strongly decreases in favour of calcite and vaterite
(Fig. 5), which is also accompanied by an increase in calcite crystallite
sizes from 1279 Å with 0.1 g/L to 1775 (Å) with 0.2 g/L. In these
conditions, aragonite crystallites size increases to 652(30) Å with 0.2 g/
L of vitamin D2 (Fig. 4). Still FT-IR spectra confirm the presence of the
three phases: calcite (712 cm−1), aragonite (700 cm−1) [18] and va-
terite (744 cm−1) [48] (Fig. 5). The morphology of aragonite particles
has changed using the additive to cauliflower-like with an average
diameter of 12 µm (Fig. 7d) and vaterite still showing raspberry-like
shapes which can be formed by the aggregation of several spheres.

3.3. Effect of vitamin D2 at 80 °C

For the highest temperature considered in this work, i.e. 80 °C,
14(2)% of calcite and 86.2(5)% of aragonite are obtained without vi-
tamin D2 addition. FT-IR measurements do not detect any other phases
than these two polymorphs. The SEM images (Fig. 8b) show needle-
shaped particles of the aragonite with an average length of 7.3 µm. This
shape is the common shape of aragonite, with the crystallite c-axes
parallel to the needle axes [49]. The calcite particles also exhibit a usual
rhomb shape with smooth faces and an average edge of 4 µm (Fig. 8a).

Incorporating 0.1 g/L of vitamin D2 induces a little increase in the
volume fraction of calcite to 33(3)% while that of aragonite decreases
to 67.1(8)% (Fig. 4). We observe face-centred erosion of the calcite
particles. This could come from a larger solubility due to temperature,
and it is likely helped by the decrease in the amount of free calcium ions
in the solution, which limits the growth of this polymorph (Fig. 8c and
d). The aragonite phase still exhibits needle-shaped particles but with a
much shorter average length of 2.4 µm. The presence of vitamin D2

induces also a decrease of the crystallite size of the aragonite from
1072(1) Å to 899(7) Å, in accordance with the overall decrease of
aragonite particles seen in SEM images (Fig. 4d). This indicates that the
vitamin D2 adsorbs on the aragonite crystals in a direction parallel to
the c-axis, where the active sites are located. Consequently, the growth
of this polymorph is blocked and its transformation into calcite phase is
restricted.

By adding 0.2 g/L of vitamin D2, the quantitative analysis shows the
formation of 80(1)% of aragonite and 20(2)% of calcite. These results
are confirmed by FT-IR measurements with the corresponding
712 cm−1 and 700 cm−1 absorption bands of calcite and aragonite,
respectively.

Fig. 5. FT-IR spectra of CaCO3 synthesised at different temperatures in the
presence or not of vitamin D2.
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3.4. Discussion

Our results show that the incorporation of vitamin D2 with a con-
centration of 0.1 g/L gives rise to aragonite stabilisation at a tempera-
ture of 50 °C, where its volume fraction reaches 83.1%. The in-
corporation of the additive also influences the morphology of the
aragonite phase, transforming the whiskers into needle-shaped parti-
cles. Vitamin D2 promotes the nucleation and the precipitation of both
aragonite and calcite crystallites.

Several hypotheses were proposed in literature for the processes by
which organic additives control CaCO3 growth for the three poly-
morphs [50]. In the specific case of vitamin D2, the action on the pre-
cipitation of calcium carbonate operates through the hydroxyl func-
tional group. This is in accordance with a previous report on the growth
of calcium carbonate on the surface of a titania-modified filter paper
where Niu et al. [49] have attributed the formation of aragonite to an
interaction between the OH groups and the Ca2+ ions. Other authors
have also supported the previous idea, such as, Hosoda et al. [51] who
have obtained aragonite thin films formed on crystalline poly(vinyl

alcohol) matrices, and Chen et al. [52] who have obtained pure ara-
gonite with ethanol as solvent.

The effective action of vitamin D2 takes place mainly at two dif-
ferent stages: (i) in solution during the nucleation step, and (ii) at the
surfaces of the formed CaCO3 crystallites. Let's represent vitamin D2 as
ReOH, where R is the radical that forms the molecule along with the
hydroxyl group. Calcium (Ca2+) and carbonate (CO3

2−) ions are
available in the solution, as described by the following reactions:

CaCl2→ Ca2++2Cl2− (1)

Na2CO3→ CO3
2−+2Na2+ (2)

Part of the vitamin D2 molecules is likely to release the protons of
the hydroxyl groups into the solution, and thus (ReO−) radicals will be
produced according to:

ReOH→ ReO−+H+ (3)

The produced negatively charged radicals (ReO−) will react with
part of the free Ca2+ ions available in the solution, and thus form

Fig. 6. SEM images of CaCO3 particles synthesised at 25 °C. (a) calcite rhombs and spherical vaterite without additives. (b) calcite rhombs (c) spherical-like vaterite.
(d) calcite and vaterite at 0.1 g/L of D2 vitamin. (e) interpenetrated rhombs of calcite with 0.1 g/L of D2 vitamin. (f) spherical-like vaterite with 0.1 g/L of D2. (h and
g) hierarchical morphology of the calcite and cauliflower shape of vaterite at 0.2 g/L of D2.
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[(ReO−)2/Ca2+] complexes:

2 ReO−+Ca2+→ [(ReO−)2/Ca2+] (4)

The other part of the vitamin D2 molecules, which were not de-
protonated, will attract calcium ions anyway and interact through the
oxygen donor at the hydroxyl groups [53] by forming [ReOH/Ca2+]
complexes:

ReOH+Ca2+→ [ReOH/Ca]2+ (5)

The formation of such complexes reduces thereby the number of
nucleation centers and then impacts the kinetics of the CaCO3 pre-
cipitation in solution, independently from the nature of the polymorph.

The other relevant effect of the vitamin D2 takes place at the surface
of the formed CaCO3 crystallites and this effect depends on the nature of
the polymorph. During the growth, the crystallites of each CaCO3

polymorph exhibit facets that are formed by the surfaces of the lowest
formation energies or those of the lowest hydration energies. It was
demonstrated from atomistic simulations that for calcite, the surfaces
with the lowest formation energy are {1 0 4} [54]. These contain both
calcium and carbonate ions. The crystallites of aragonite, with a needle-
like shape, exhibit elongated {1 1 0} and {1 0 1} surfaces with a {0 1 1}
prism at each end. Atomistic simulations carried out by Leeuw et al.
[54] have shown that, when terminated by calcium, the {1 1 0} and
{1 0 1} surfaces have the lowest hydration energy.

The growth inhibiting effect of a given polymorph by the additive
results from the adsorption of (ReO−) radicals or vitamin D2 molecules
on the free surfaces exhibited by the crystallites. The nature of inter-
action of the radicals with the surface is predefined by the morphology
of the CaCO3 crystallites and the crystal structure of their surfaces.
Moreover, both affinity, between the different species, and the steric
hindrance involved by the radicals and the atoms at surfaces may play
also an important role in defining these interactions. This makes the
inhibiting effect of the additive not transferable from one polymorph to
another.

4. Conclusion

In the present work, a co-precipitation process was used to elaborate
CaCO3 crystals in the presence of vitamin D2, with different con-
centrations, at different temperatures. Our results showed that the in-
corporation of the additive can shift the chemical equilibrium between
the allotropic forms of CaCO3, thereby increasing calcite and aragonite
fractions. Noticeably, vitamin D2 increases aragonite volume fraction at
50 °C. Various morphologies of CaCO3 were observed, such as needle-,
sphere- and cauliflower-like particles. A mechanism of interaction be-
tween OH groups of vitamin D2 and Ca2+ ions to form D2-Ca+2 com-
plexes is suggested to explain both the stabilisation of the aragonite
particles and the restriction of their crystallite growth.

Fig. 7. SEM images of CaCO3 particles syn-
thesised at 50 °C. (a and b) calcite rhomb's,
raspberry-like particles of vaterite without
additive and whisker-like particle of arago-
nite without additive. (c) The three phases
at 0.1 g/L of D2 vitamin. (d) Regular rhomb-
like particle of calcite at 0.1 g/L of D2 vi-
tamin. (d) cauliflower-like particles of ara-
gonite at 0.2 g/L of D2 vitamin. (g) rasp-
berry-like particles of vaterite at 0.2 g/L of
D2 vitamin.
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