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The time-evolution of calcium phosphate precipitation by vapour diffusion has been studied by in situ Confocal Raman Mi-
crospectroscopy. A hanging drop configuration within a device known as “crystallisation mushroom” was employed in order to
improve the Raman signal coming from growing crystals. This innovative methodology allowed to identify and follow the evo-
lution of the precipitates formed at different areas of the drops containing mixed solutions of Ca(CH3COO)2 and (NH4)2HPO4
due to the diffusion of CO2 and NH3 gases released from NH4HCO3 solutions at different concentrations (30 mM, 100 mM
and 2 M). Time-dependent in situ Raman spectra indicated that amorphous calcium phosphate (ACP) was the first precipitate
appearing just after mixing the Ca- and PO4-containing solutions. Few minutes later, it transformed to dicalcium phosphate
dihydrate (DCPD). The lifetime of DCPD strongly depends on the concentration of the NH4HCO3 solutions and thus on the pH
increase rate. The pathway for the phase transformation from ACP to DCPD and then to octacalcium phosphate (OCP) followed a
dissolution-reprecipitation mechanism. Additionally, OCP acted as temporal template for the heterogeneous nucleation and crys-
tallization of biomimetic carbonate-apatite nanocrystals. The characterisation by TEM, XRPD and Raman spectroscopy of the
freeze-dried powders obtained after seven days confirmed that OCP and carbonate-apatite nanocrystals (cAp) were the remaining
phases when using 30 mM and 100 mM NH4HCO3 solutions. By contrast, working with the highest NH4HCO3 concentration
the system evolved to the precipitation of elongated calcite crystals.

1 Introduction

Calcium orthophosphates have special relevance in biomin-
eralization and biomedical fields because of their presence
in mineralized tissues of mammals and their wide variety of
applications1 ranging from biomimetic bone graft and tissue
regeneration to carriers matrices of drugs and proteins. In
the last years a huge number of researches on the crystalli-
sation process of these compounds have been carried out in
order to analyse the mechanisms of precipitation and stability
of each calcium phosphate phase (CaP).2–13 Twelve biolog-
ically relevant CaP have been reported.13 Among them, hy-
droxyapatite (Ca5(PO4)3(OH), HA), the thermodynamically
most stable one under physiological conditions, represents
the model compound of the inorganic constituent of bone,
teeth and many pathological calcifications.14,15 Bone apatites
are non-stoichiometric calcium and OH deficient nanosized
crystals doped with carbonate (4-6 w/w%) and different for-
eign ions such as Na (0.9%) and Mg (0.5%), among oth-
ers.16,17 Other phases such as dicalcium phosphate dihydrate
(CaHPO4·2H2O, brushite, DCPD) and octacalcium phosphate
(Ca8H2(PO4)6·5H2O, OCP) are usually found in more acidic

aLaboratorio de Estudios Cristalográficos, IACT (CSIC-UGR), Avenida de
las Palmeras, 4, 18100 Armilla, Granada, Spain. Fax: +34 958 55 26 20;
Tel: +34 958 23 00 00 (∗) E-mail: jmdl@lec.csic.es

solutions.18 Both DCPD and OCP have been suggested as
possible metastable precursors in the formation of apatite.
This may occur by the precipitation of DCDP and/or OCP fol-
lowed by its transformation to a more apatitic phase.13,18

Several strategies to crystallise biomimetic nanosized ap-
atite crystals have been reported including solid state re-
actions, co-precipitation, sol-gel synthesis, microemulsions,
pyrolysis of aerosols, microwave precipitation and thermal
decomplexing, among others.19–30 Recently, we reported
a novel methodology to precipitate biomimetic carbonate-
apatite nanoparticles (cAp) and other CaP by sitting drop
vapour diffusion (SDVD) micromethod both in the absence
and in the presence of additives (aminoacids with different iso-
electric points).31–33 To do so, the “crystallisation mushroom”
consisting in a specially designed environmental chamber was
used. Additionally, SDVD micromethod was employed sev-
eral times to carry out in vitro studies of CaCO3 at different
conditions.34–36 Contemporaneously to our apatite crystalli-
sation studies, vapour diffusion using millilitre scale vessels
and 1 L desiccators was also tested by other authors to ob-
tain carbonate-apatite nanoparticles.19,20 The main features of
the SDVD method are the following: i) the control of the rate
of gas diffusion (NH3 and CO2) by changing the concentra-
tion of NH4HCO3 solution to make possible to regulate the
pH increase until it reaches an asymptotic value, and as a con-
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sequence, the rate of drops supersaturation, ii)the confinement
of the nucleation in drops that closely resemble the in vivo
microenvironments where biominerals are deposited, iii) the
possibility to perform several experiments per run and iv) the
doping of the apatite precipitate with CO2−

3 by means of the
diffusion of CO2 gas. The main drawback is the monitoring of
the phase transformation either without stopping the precipita-
tion process sequentially or performing different experiments
as a function of time since valuable information of the early
stages of CaP precipitation can be lost, as it occurred in pre-
vious works.19,20,26,31–33 To solve this, we propose the use of
vapour diffusion in a hanging drop configuration for the tem-
poral monitoring of the process by means of a non-invasive
spectroscopic technique, such as Confocal Raman Microspec-
troscopy.

Indeed, Raman Spectroscopy is a powerful tool for the
chemical characterisation of different materials. Raman spec-
trometers, coupled to a confocal microscope, isolate the scat-
tered light originated from the illuminated spot on the sample,
and efficiently eliminate the contributions from out-of-focus
zones improving the rejection of stray light and the z-spatial
resolution. Such configuration can provide information about
the process occurring at different areas of the solution. More-
over, due to the fact that water molecules are weak scatterers
of visible light, it shows a low sensitivity to interference from
water. These facts make this technique particularly suitable
for in situ characterisation of solid samples growing in aque-
ous solutions without altering the sample.37,38

Therefore, the present work is focused on the study of
the precipitation of CaP by hanging drop vapour diffusion
(HDVD) micromethod by in situ Raman spectroscopy at-
tached to confocal microscopy. The implementation of this
configuration allows us to record the whole process of CaP
transformation until attaining the apatite phase but without
altering it or arresting the process, as occurred in previous
works.19,20,22–24,26–29 The aim is to prove the suitability of this
technique to characterise the CaP precipitation at the earliest
stages and its relation to the pH, the lifetime of metastable
phases, and the role of the metastable precursor phase in the
formation of apatites with nanosized dimensions.

2 Experimental

2.1 Materials

The solutions were prepared with ultrapure water (0.22 µS, 25
◦C, MilliQ c©, Millipore) and high purity chemical reagents,
ammonium bicarbonate (NH4HCO3, 99% pure), ammonium
phosphate dibasic ((NH4)2HPO4, 99% pure) and calcium ac-
etate (Ca(CH3COO)2, 99% pure) purchased from Sigma-
Aldrich.
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Fig. 1 Schematic view of the ”crystallisation mushroom”. The
hanged drops can be analysed in situ by confocal Raman
microspectroscopy. In fact, the image of the inset shows DCPD
crystals and the corresponding Raman spectrum of the marked
crystal with peaks appearing at ca: 379, 879 and 986 cm−1.

2.2 Crystallisation method

HDVD experiments were performed in the “crystallisation
mushroom” (Triana Science & Technology, S.L.), a de-
vice composed of two glass chambers connected each other
through a hole of 6 mm diameter to allow the vapour diffu-
sion (Figure 1). 1.5 mL of NH4HCO3 solution at different
concentrations (30 mM, 100 mM and 2 M) was introduced
in the gas generation chamber, while eight drops (1:1 v/v, 20
µL) containing 50mM Ca(CH3COO)2 + 30mM (NH4)2HPO4
(Ca/P=5/3) were placed in the glass cover of the crystallisa-
tion chamber. The device was carefully sealed with silicon
grease and paraffin to avoid the loss of gases (CO2 and NH3)
released by the decomposition of the NH4HCO3 solution. The
diffusion of NH3 through the drops caused a gradual increase
of their pH until it reached an asymptotic value. The experi-
ments were performed at 20 ◦C and 1 atm.

The hanging drop compared to the sitting drop configura-
tion does not only reduce the working distance but also allows
to better focus on the crystals either at the drop/glass interface
or in a focal plane inside the drop. Moreover, for the hanging
drop configuration, Raman photons dispersed from crystals in-
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side the drop go back to the detector through a planar interface
(drop/glass). Hence, the loss of Raman photons is consider-
ably lower than in the sitting drop configuration where they
pass through a curved interface (drop/air) before reaching the
detector. Accordingly, the Raman signal is improved with the
hanging drop configuration.

2.3 Characterisation procedure

The pH evolution of the drops was measured using a hot
line CupFET probe (Sentron) introduced in the crystallisation
chamber through a lateral hole. Confocal Raman microspec-
troscopy was used to monitor the evolution of CaP precipita-
tion both inside the drop and also at the interface between the
drop and the cover glass (Figure 1). Firstly, the spectrum of
the precipitates obtained just after mixing Ca(CH3COO)2 and
(NH4)2HPO4 solutions (hereafter, this instant is referred to as
t0) was collected. Subsequently, and once the “crystallisation
mushroom” was sealed, optical micrographs and the corre-
sponding Raman spectra were sequentially acquired every 15
minutes during the first 12 hours of experiment. Afterward,
the spectra were collected every 12 hours until the comple-
tion of the experiment (7 days). Raman spectra were collected
with a LabRAM-HR spectrometer with backscattering geom-
etry (Jobin-Yvon, Horiba, Japan). The excitation line was pro-
vided by a diode laser emitting at a wavelength of 532 nm and
a Peltier cooled charge-couple device (CCD) (1064x256 pix-
els) was used as detector. Spectrometer resolution is better
than 3 cm−1. For each acquisition and depending on the qual-
ity of the spectra, signal average of two or three spectra and
acquisition time between 100 and 500 s was performed. The
spectra were linearly base-line corrected for clarity.

Furthermore, the precipitates derived after seven days were
repeatedly washed with ultrapure water by centrifugation,
freeze-dried for 12h at -52 ◦C and stored at room tempera-
ture. They were characterised by X-Ray powder diffraction
(XRPD), Raman spectroscopy and Transmission electron mi-
croscopy (TEM). The XRPD diffractograms were collected
using a Cu Kα radiation (k = 1.5418 Å) on a PANalytical
X’Pert PRO diffractometer equipped with a PIXcel detector
operating at 45 kV and 40 mA. For the diffracted beam an
automatic-variable anti-scatter slit with an irradiated length of
10 mm was used. The 2θ range was from 5◦ to 80◦ with a step
size of (2θ ) 0.039◦. TEM images as well as selected area elec-
tron diffraction (SAED) were performed with a STEM Philips
CM 20 microscope operating at 80 kV. The powdered samples
were ultrasonically dispersed in ultrapure ethanol and then a
few drops of the slurry were deposited on conventional copper
microgrids.
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Fig. 2 pH evolution in the drops by diffusion of NH3 and CO2 gases
released from solutions of NH4HCO3 with three different
concentrations.

3 Results

3.1 pH Evolution

As previously described, the pH plays a key role in the stabil-
ity, and therefore in the crystallisation process of the CaP.12,13

Figure 2 shows the pH evolution in the drops during seven
days of vapour diffusion working at 30 mM, 100 mM and 2
M NH4HCO3 concentrations. The initial pH in the drop just
after mixing the Ca(CH3COO)2 and (NH4)2HPO4 solutions
was 6.10. Once the “crystallisation mushroom” was sealed
the pH decreased to around 5.5. After 20 minutes of vapour
diffusion, the pH started to increase until reaching an asymp-
totic value. This trend was similar for all the tested NH4HCO3
concentrations but the slope of the pH increase curve became
more pronounced at higher NH4HCO3 concentrations. In ad-
dition, both the final pH value and the time needed to reach it,
strongly depend on the concentration of NH4HCO3. Indeed,
the final pH values 8.38, 8.90 and 9.42 were measured after
44, 110 and 130 hours when using 30 mM, 100 mM and 2 M
NH4HCO3 solutions, respectively.

3.2 Phase evolution in the bulk of the drop

Time-dependent Raman spectra collected focusing just in a
focal plane at the centre of the drops for the three NH4HCO3
concentrations are depicted in Figure 3. In addition, the as-
signments of the Raman peaks to the vibrational modes of
the CaP and CaCO3 phases are summarized in table 1. The
spectrum recorded at t0 mainly shows two peaks appearing
at ca. 927 and 952 cm−1. The former is due to the C-C
stretching mode of acetate ions in solution whereas the lat-
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Table 1 Raman shift (cm−1) of the main peaks used to identify the
CaP and CaCO3 phases.

Assignments ACPa DCPDb OCPb HAb Calcitec

νsPO4 952 985, 878 958, 965 961 -
νsHPO4 - - 1010 - -
δsCO3 - - - - 711
νsCO3 - - - - 1085

a Reference39

b Reference23

c Reference40

Fig. 3 Time-dependent in situ Raman spectra collected for the drops
inside the “crystallisation mushroom” using 30 mM, 100 mM and 2
M NH4HCO3 concentrations.

ter is assignable to the symmetric stretching mode of phos-
phate groups.41 The Raman shift of this band indicates the
formation of an amorphous calcium phosphate (ACP).39 This
finding confirms the TEM observations of the first precipitates
obtained when the SDVD method was used.31 Afterwards, co-
inciding with the decrease of pH, big platelets started to grow
in the drops. Indeed, the Raman spectra collected at 0.25 hour
reveal peaks at ca. 878, 985 and 957 cm−1 (Figure 3), irre-
spective of the NH4HCO3 concentration. They are ascribed to
the symmetric stretching modes (νsPO4) of phosphate groups
in DCPD and OCP, respectively (table 1).23 It indicates the
presence of both phases in the bulk of the drop. Subsequently,
DCPD crystals began to dissolve disappearing after 6, 5 and 1
hours for the experiments carried out under 30 mM, 100 mM
and 2 M (table 2). In fact, after 24 hours, the Raman spectra
for the experiment with 30 mM solution show a main peak at
ca. 958 cm−1 with a shoulder at 965 cm−1 as well as a broad
band at 1010 cm−1. They can be ascribed, respectively, to the
P-O symmetric stretching modes of PO4 (νsPO4) and HPO4
(νsHPO4) groups in OCP crystals (table 1).23 Basically the

Table 2 CaP detected in the bulk of the drops by in situ Raman
microspectroscopy.

[NH4HCO3] (M) time (hours) Phase detected

0.03

t0 ACP
0.25 DCPD and OCP
6 OCP
24 OCP and cAp
168 OCP and cAp

0.1

t0 ACP
0.25 DCPD and OCP
5 OCP
24 cAp and OCP
168 cAp and OCP

2

t0 ACP
0.25 DCPD and OCP
1 OCP
24 cAp, OCP and calcite
168 calcite

same spectrum is attained after 168 hours. Regarding to the
experiment performed with 100 mM, similar behaviour is ob-
served but the shoulder at 965 cm−1 does not appear. This
point in conjunction with the fact that the apatite phase ex-
hibits its main peak usually at ca. 961 cm−1 23 may suggest
the presence of both phases. However, they cannot be quan-
tified because of the overlapping of their main peaks (table
1). On the other hand, the increase in concentration of the
NH4HCO3 solution up to 2 M leads to a completely differ-
ent evolution, as it is shown in Figure 3. The spectrum col-
lected at 24 hours exhibits Raman peaks at ca. 714 and 1088
cm−1 that belongs, respectively, to the symmetric deforma-
tion (δsCO3) and symmetric stretching (νsCO3) modes of car-
bonate groups in calcite.40 Additionally, the peak at ca. 958
cm−1 can be due to OCP and/or HA phases whereas the broad
band at 1018 cm−1 is ascribed to the C-OH stretching mode
(νC−OH) of bicarbonate ions in solution42 coming from the
diffusion of CO2. After 168 hours, only the Raman peaks of
calcite are drawn. Calcite crystals (see graphical abstract) ex-
hibited a well-faceted morphology resembling those of cal-
cite produced in the presence of certain carboxylic acids43

or acetic acid.44 The crystals appeared elongated along the c-
axis, and bound by rhombohedral {104} and prismatic {110}
and {100} faces, although some of them are intergrown crys-
tals. Table 2 summarizes the main phases detected by Raman
microspectroscopy as a function of the precipitation time for
each concentration of NH4HCO3 used.

3.3 Phase evolution at the drop/glass interface

The phase evolution for the experiment performed with 100
mM NH4HCO3 was also studied by confocal Raman mi-
crospectroscopy but focusing on the drop/glass interface . The
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optical micrographs in Figure 4 illustrate, as part of the pro-
cess, the growth of big DCPD platelets (A-B) and their further
dissolution (C) until they completely disappear after 6 hours
(Figure 4). Furthermore, a serie of time-dependent spectra of
the process is shown in (Figure 4). The spectra collected at
0.25 and 1 hour reveal the presence of DCPD23 as unique
phase. There are no peaks corresponding to ACP. After 5
hours, a peak at 958 cm−1 emerges indicating the appearance
of OCP in the solution. After 6 hours, only the peak at ca. 959
cm−1 is noticed, likely indicating the presence of both OCP
and apatite phases, indistinguishable by Raman spectroscopy.
Therefore, the phase transformations in the bulk are slightly
faster than at the interface. The inset in figure 4 represents
the plot, as a function of time, of the integrated intensities of
the bands at 985 cm−1 (DCPD) and 958 cm−1 (OCP) as well
as the pH evolution. In the early stages, the ACP rapidly dis-
solved and the DCPD phase nucleated and grew during ap-
proximately 1 hour. During this process the pH decreased
from 6.10 to 5.40. Afterwards, DCPD began to dissolve. Only
when it was almost dissolved after 5 hours (at pH around 6.5),
the OCP nucleated and started to grow.

3.4 Characterisation of the freeze-dried samples

The freeze-dried precipitates (obtained after 168 hours of
vapour diffusion) were also characterised by TEM, XRPD,
Raman and Infrared Spectroscopies. Figure 5 A and B show
TEM micrographs of the sample precipitated under 30 and 100
mM solutions, respectively. At the lower concentration, plate-
like crystals composed of OCP, as pointed out by the SAED
pattern31, with size ranging between 200 and 600 nanome-
tres can be observed. Furthermore, needle-like nanoapatite
with length between 20 and 100 nanometres are also distin-
guished. Figure 5B reveals mainly nanosized apatite and only
few and smaller OCP crystals. These results confirm that both
phases coexist after 7 days for both conditions, but with a
lower OCP amount in the second case. Figure 5 C and D
represent the XRPD diffractograms and Raman spectra of the
sample precipitated under different NH4HCO3 concentrations.
The diffractograms of the precipitate powders formed in the
presence of 30 and 100 mM exhibit broad reflections ascribed
to HA (ASTM Card file No 9-432). The broadening of the
diffraction peaks indicates a relatively low crystallinity de-
gree, similar to biological apatites. In addition, the 020 and
101 reflections (marked with an asterisk) appearing at lower
2θ angles are due to OCP (ASTM card file No. 26-1056). The
fact that the latter reflections are much weaker for the sample
precipitated under 100 mM NH4HCO3 solutions confirms that
the amount of OCP is lower for this sample, as also TEM ob-
servations pointed out. Infrared spectra of these sample (not
shown) display typical bands of A- and B-type carbonate sub-
stitutions into the apatitic crystal lattice, as previously reported
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Fig. 4 Optical micrographs showing DCPD evolution at the
drop/glass interface working with 100 mM NH4HCO3 solution.
Selected time-dependent in situ Raman Spectra. The inset shows the
plot as a funtion of time of the integrated intensities of DCDP (985
cm−1) and OCP (958 cm−1) Raman peaks calculated from the
time-dependent serie. For the sake of comparison between spectra
collected at different instants, the intensities have been divided by
the integrated intensity of the νCC mode of acetate ions in solution
appearing at ca. 927 cm−1. Note: the spectrum at t0 was collected
in the same conditions than in figure 3.

for cAp derived under similar conditions by SDVD method.32

On the other hand, XRPD pattern (c in Figure 5C) and Raman
spectrum (c in Figure 5B) collected for the sample grown in
the presence of the 2 M solution indicate that calcite is the
unique phase (ASTM card file No. 5-586).
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Fig. 5 TEM micrographs of CaP crystallised under 30 mM (A) and
100 mM (B). The insets show SAED patterns collected for the
crystals marked in each figure. XRPD diffractograms (C) and
Raman spectra (D) acquired for the dried powders grown in the
presence of (a) 30 mM, (b) 100 mM and (c) 2 M of NH4HCO3
solutions.

4 Discussion

The results of in situ time-dependent Raman microspec-
troscopy and pH evolution complemented with TEM, XRPD
and Raman spectroscopy of the final precipitates evidenced a
same CaP precipitation pathway during the first 24 hours of
vapour diffusion to obtain nanocrystalline apatite. Nonethe-
less, they indicated different kinetics of phase transforma-
tion depending on the NH4HCO3 concentration. This path-
way consists in the initial precipitation of ACP nanoparti-
cles whose lifetime were a few minutes, then the nucleation,
growth and further dissolution of big DCPD platelets (7, 6
and 3 hours of experiment, when using 30 mM, 100 mM
and 2 M NH4HCO3 solutions), followed by nucleation and
growth of OCP crystals, that coexist with nanocrystalline ap-
atites. The precipitation mechanism was more clearly revealed
in the experiment at 100 mM, by focusing at the drop/glass
interface (Figure 4). A dissolution-reprecipitation mecha-
nism for the ACP-DCPD and DCPD-OCP transformations ex-
plain the findings. The coexistence of the OCP and apatite
phases, which are indistinguishable by Raman spectroscopy,
was clearly revealed by TEM observations. Conversely, us-
ing the most concentrated NH4HCO3 solution, OCP not only
coexists with the apatite but also with calcite. In this exper-
iment we also noted that kinetic of phase transformation in
the bulk of the drop was slightly faster than at the drop/glass
interface. It was most likely due to the heterogeneity of the
diffusion/dissolution rate of CO2 and NH3 through the drop,

that created a gradient of supersaturation decreasing from the
air/drop interface to the drop/glass interface.

Some authors suggested that transformation of OCP into
HA takes place by a hydrolysis process.45 However, this pro-
cess cannot explain why the apatite phase is obtained with
nanosized dimensions. In a previous paper, based on exper-
imental observations we suggested that OCP most likely acts
as temporal template for the formation of carbonate apatite
nanocrystals31 in the same way as Na3(cit)·2H2O acted during
the precipitation of this material from a Ca/citrate/phosphate
solution at pH=8.3.21 The initial precipitation of this calcium
citrate salt acted as temporal template for the formation of the
apatite phase with nanometric size.21 In the absence of this
template, crystals grew up to submicrometric or micromet-
ric sizes. The role of the template basically consists on the
stabilization of the heterogeneously nucleated apatite within
the nanometric size range. In fact, the precipitation of apatite
phase, usually takes place at very high values of the thermody-
namic supersaturation, which leads to the formation of critical
nuclei of extremely small sizes. The decrease of free energy
in that system can be produced not only by growth but also
by primary aggregation of the nascent particles with nanome-
tre size. The presence of a template might interact with the
primary particles formed by heterogeneous nucleation, stabi-
lizing them and, thus, minimizing their aggregation tendency.
Hence, nanosized crystals are formed. From the biological
point of view, both DCPD and OCP have repeatedly found as
precursor of nanocrystalline apatites in in vitro crystallization
but in vivo studies rarely show the presence of these phases.18.
Nevertheless, evidences of the OCP role as template were only
detected in experiments of vapour diffusion.31–33

Another interesting observation is the formation of calcite
in the experiment carried out at 2M NH4HCO3. Comparing
the pH-evolution curves in the three experiments, they display
a more pronounced slope as well as a higher final pH as the
NH4HCO3 concentration increased. The different slopes re-
flect different diffusion rates of gases through the drops, that
can be the key factor to explain the formation of calcium car-
bonate instead of calcium phosphate. In the experiment using
the highest concentration of NH4HCO3, the partial pressures
of released NH3 and CO2 gases were much higher and there-
fore the diffusion rates into the aqueous drops. Under these
circumstances the kinetics of CaP transformation increases,
reducing the lifetime of each one of the phases. After attain-
ing the saturation of gas in drops, the ionic activity product of
calcium carbonate [(aCa2+)·(aCO2−

3 )] also increased rapidly
and overpassed the solubility product of calcite, the less sol-
uble phase of calcium carbonate (log Ksp(calcite) = -8.453).
This process was produced at a rate higher than the one at
which the ionic activity product of CaP would exceed the sol-
ubility product of the OCP and apatite phases. It leads to the
precipitation of calcite instead of a calcium phosphate phase
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in this step of the process, thus, highlighting the role of the
kinetic control.

5 Conclusions

Confocal Raman microspectroscopy allowed to monitor in situ
the evolution of CaP precipitation in HDVD experiments, both
at the drop/glass interface and in the bulk of the drop. The
results described above pointed out that the pH increase rate
plays a key role on the CaP crystallisation and phase trans-
formation. This rate only depends on the concentration of
NH4HCO3 used. ACP was found just after mixing the calcium
and phosphate solutions. Then, it transforms to DCPD, which
subsequently dissolves and recrystallises into OCP. This phase
transformation depends on the concentration of NH4HCO3:
the higher the concentration the faster the transformation.
For the experiments carried out with 30 mM and 100 mM
NH4HCO3 solutions, the system evolves to needle-like nano-
sized cAp that closely mimic biological nanocrystalline ap-
atites with low degree of maturation. These nanocrystals ap-
peared coexisting with plate-shaped OCP crystals which prob-
ably play the role of temporal template for the in vitro nanoap-
atite crystallisation. On the other hand, for the highest concen-
tration (2M), in the first day, OCP, cAp and calcite coexisted
in the drop. Nonetheless, after 24 hours, large calcite crystals
elongated along the c-axis were only identified. For the ex-
periments at 100 mM NH4HCO3, the whole CaP precipitation
process at the drop/glass interface was slightly slower than in
the bulk of the drop.
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