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Abstract 
In this paper, using Langmuir monolayers of dipalmitoylphosphatidylcholine 
(DPPC) as template, we have investigated the controlled crystallization of cal-
cium and strontium carbonates to understand the biomineralization process 
at the inorganic-organic interface better. Although the calcite with a well-oriented 
(104) crystal plane has been obtained, as for the strontium carbonates, DPPC 
monolayers have resulted in the formation of the flower-like assemblies of 
strontianite needles; however, the oriented growth under the monolayers has 
not appeared. Using the lattice matching and electrostatic interaction at the 
inorganic-organic interface, we have discussed the possible mechanism of the 
phenomena. 
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1. Introduction 

There is sustained interest in understanding natural biomineralisation processes [1] 
[2] [3]; many studies have been carried out on the synthesis and characterization 
of the biominerals in detail [4] [5] [6] [7] [8]. However, due to the complex in-
teraction between the organic substances and the inorganic components, the 
mechanism of formation of minerals in biological systems is still unclear; a num-
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ber of questions await satisfactory answers. To mimic the biomineralization 
processes in model experiments, many different templates have been used, some 
examples of which are Langmuir [9] and Langmuir-Blodgett (LB) monolayers 
[10], self-assembled monolayers (SAMs) with differing terminal functionality 
[11], polymer surfaces [12] and so on. Langmuir monolayer and Langmuir-Blodgett 
monolayer, which can provide a more ideally flat organic surface with controlla-
ble chemical composition and molecular density [13], is an excellent template to 
investigate the relationships between the structure of the substrate and the over-
growing crystals. Therefore, LB technique has become an important means in 
biomimetic synthesis of innovative materials and detailed understanding of the 
mechanism in biomineralization. 

Calcium carbonate is one of the most abundant biominerals; much attention 
has been focused on growth of CaCO3 crystals using biomimetic strategy [14] 
[15] [16]. As we all know, CaCO3 exists in a variety of polymorphic forms, cal-
cite, vaterite and aragonite, an amorphous form of calcium carbonate also exists. 
Even though SrCO3 itself is not an important biomineral, SrCO3 crystallises from 
solution uniquely in the strontianite modification, which is isostructural with 
aragonite [17] [18]. Therefore SrCO3 is a simpler prototypical system than the 
more thoroughly studied CaCO3, and it might be interesting to compare the 
crystallisation of SrCO3 in the aragonite strontianite modification with the crys-
tallisation of CaCO3 in all three modifications. The morphology and structure of 
the crystallization product provide insights into the processes proceeding at the 
inorganic-organic interface. 

In this manuscript, we compared the controlled crystallization of calcium 
and strontium carbonates under DPPC Langmuir monolayer which is similar 
to lipid domains of cellular membranes [19]. More interestingly, we observed 
that the calcium carbonate can form well oriented single-crystalline calcite with 
the rhombohedral shape. Nevertheless, the flower-like strontianite has been ob-
tained. 

2. Experimental Section 
2.1. Materials 

DPPC was purchased from Sigma Chemical Co. and used without further puri-
fication, CaCO3 and SrCO3 were purchased from Tianjin Chemical Plant. Trip-
ly-deionized water (resistivity of 18.2 MΩ·cm−1) was obtained from MilliQ ul-
tra-pure water system (Millipore, USA).  

2.2. Preparation of Supersaturated Solutions 

Supersaturated solutions of calcium bicarbonate and Strontium bicarbonate 
were prepared according to the procedures of Kitana [20] and they can briefly 
describe as follows: carbon dioxide gas was bubbled through a stirred aqueous 
suspension of CaCO3 or SrCO3 for 24 hours. The suspensions were then filtered 
and filtrate purged with CO2 gas for 0.5 hours to dissolve any remaining crystals. 
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The Ca2+ or Sr2+ concentration of the resulting supersaturated solution is 4.0 
mM. 

2.3. Experimental Procedures 

The Supersaturated solutions were transferred to the LB trough (KSV mini-trough) 
at room temperature. Then using a microsyringe, the monolayer of DPPC was 
carefully and slowly spread from the 1.0 × 10−3 M solution in chloroform and its 
state was monitored by the LB system through its π-A curve. After the chloro-
form was evaporated for 15 min, the monolayer was slowly and carefully com-
pressed to the targeted pressure (30 mN/m). With the pressure held for 24 h, 
crystals grown under the Langmuir monolayer were transferred in the Y type to 
clean glass slides. The as-prepared samples were characterized by X’Pero Philips 
X-ray diffractometer (Philips Ltd. Holand) and JSM-5600LV scanning electron 
microscopy (Jeol. Ltd. Japan). 

3. Results 
3.1. The π-A Isotherms of DPPC on Different Subphase 

π-A isotherms of DPPC monolayers were obtained on pure water and the 
Ca(HCO3)2, Sr(HCO3)2 supersaturated aqueous solution, and they are shown in 
Figure 1. 

The mean areas of DPPC per molecule obtained by extrapolating the slopes of 
the isotherms to zero pressure are found to be 34 A2 on pure water and 68, 59 A2 
on Ca(HCO3)2 and Sr(HCO3)2 supersaturated aqueous solution, respectively. 
Evidently, the mean molecular areas of DPPC on these supersaturated aqueous 
solutions are larger than that on pure water, which indicated that there is very  
 

 
Figure 1. π-A isotherms of DPPC monolayers on different subphase. (A) Pure water, (B) 
Ca(HCO3)2 supersaturated solution, (C) Sr(HCO3)2 supersaturated solution. 
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strong interaction between monolayer and calcium ions (or strontium ions) and 
calcium ions (or strontium ions) could bind into the monolayers. On the other 
hand, as we can see, the limited area of DPPC on Sr(HCO3)2 supersaturated so-
lution is lower than that of Ca(HCO3)2, which is resulted from the smaller solu-
bility product of SrCO3 (compared with CaCO3). When the monolayer has ad-
sorbed enough strontium ions, the local concentration of strontium carbonates 
under the monolayer was so high that the nucleation and crystallization thereaf-
ter appeared. In fact, we have noticed that there were micro-crystalline forming 
when the DPPC monolayer was compressed on the Sr(HCO3)2 supersaturate 
subphase. Actually, it’s just because a much higher local concentration of CaCO3 
and SrCO3 under the monolayers than that in bulk solution, the growth of cal-
cium and strontium carbonates induced by the monolayer has achieved. 

3.2. Morphological Study of CaCO3 and SrCO3 Crystals 

Figure 2 shows the SEM image of calcium carbonate prepared in the bulk solu-
tion, air-water interface and the monolayer-water interface. As we can see, the 
morphologies of the obtained calcium carbonate are irregular and its size is not 
uniform without DPPC Langmuir monolayer (Figure 2(A), Figure 2(B)). In 
contrast, the crystals grown in the presence of monolayer of DPPC have a regu-
lar rhombohedral shape and relatively uniform size distribution (Figure 2(C)). 
In high magnification, as shown in Figure 2(D), we can easily find that the rhom-
bohedral shape crystals with a size of 30 μm in the length and width, also 10 μm 
in thickness have been obtained. 

Figure 3 is the corresponding SEM images of strontium carbonates. As the 
same as calcium carbonate, we can find that the morphology of the strontianites 
was powerfully affected by DPPC monolayer. The SrCO3 crystals were preferen-
tial forming strontianite needles in the absence of templating effects (Figure 
3(A)). However, when the crystals grew underneath the DPPC Langmuir mo-
nolayer, they displayed well separate flowerlike morphology. The “flowers” are 
made up of bundles of strontianite needles as showed in Figure 3(D), which is 
the high magnification of a single flower in Figure 3(C). 

3.3. X-Ray Diffraction Meter Measurement.  

The structure of the crystal was confirmed by the XRD. Figure 4 shows the XRD 
pattern of calcium carbonate in the contrast experiment. The XRD spectrum of 
the calcium carbonate without the phospholipids monolayer exhibits multiple 
peaks, and all the peaks can be attributed to the rhombohedral phase of calcite 
(JCPDS 86-2339). Whereas, when the presence of monolayer, From Figure 4(A), 
we can see that there are only two peaks corresponding to (104) and (208) crystal 
planes of rhombohedral phase (JCPDS 86-2341) respectively, which exhibits the 
calcium carbonate have a well preferential orientation of (104) plane.  

As for the strontium carbonates, however, we did not found this preferential 
orientation, In fact, from the XRD pattern (Figure 5), we can find that there are  
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Figure 2. SEM images of CaCO3 grown at (A) bulk solution, (B) air-water interface, (C) 
monolayer-water interface and (D) is the higher magnification of (C). 
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Figure 3. SEM images of SrCO3 grown at (A) bulk solution, (B) air-water interface, (C) 
monolayer-water interface and (D) is the higher magnification of (C). 

A

B

C

D

https://doi.org/10.4236/oalib.1106216


Z. H. Xue 
 

 

DOI: 10.4236/oalib.1106216 7 Open Access Library Journal 
 

 
Figure 4. XRD patterns of CaCO3 grown at (A) monolayer-water interface, (B) air-water 
interface, (C) bulk solution. 
 

 
Figure 5. XRD patterns of SrCO3 grown at (A) monolayer-water interface, (B) air-water 
interface, (C) bulk solution. 
 
not clear difference in the three conditions, which indicate that the organic mo-
nolayer have little effect on the orientation of the strontium carbonates crystals. 

4. Discussions 

The above results clearly show that the DPPC Langmuir monolayer could po-
werfully affect the morphology, sizes and nucleation orientation of calcium car-
bonate. But covered with strontium carbonates, the monolayer didn’t show ob-
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vious effect upon the crystal orientation, though the morphology has changed 
dramatically. 

With regard to the two kinds of inorganic mineral, since CaCO3 has three po-
lymorph, calcite, vaterite and aragonite, crystallisation of calcium carbonate is 
inevitably accompanied by the competing of the three phases. However, SrCO3 
almost always crystallizes in the strontianite form, which have the same structure 
as aragonite. On the other hand, the monolayers of DPPC form hexagonal lattice 
in the surface pressure of 30 mN/m [21]. From the previous research, we know 
that 2D hexagonal lattice structure of the momalayer is likely to induce the cal-
cite and vaterite polymorphs [22], aragonite configuration is difficult to achieve 
thereon. Therefore, the calcite polymorph of calcium carbonate has obtained in 
our experiment. At the same time, the monolayer may have a well lattice match-
ing with the (104) plane of the calcite, as a result the crystallization of calcite 
phase with the (104) plane has been accelerated, while the other plane was inhi-
bitory. Due to the hexagonal lattice of DPPC momolayer disfavour aragonite and 
cannot offer suitable mode for the epitaxy of strontium carbonates, we do not 
observe any obvious orientation control in the case of SrCO3. 

The electrostatic interaction between the template and the minerals is another 
important factor in the process of crystallization. Concerning the molecular struc-
ture of DPPC, it is bearing the charged polar organic head group [23], which ar-
ray along certain direction at the interface of the DPPC Langmuir monolayers 
subphase, and enable to absorb calcium ions or strontium ions at the lipid mo-
nolayer through electrostatic interaction, forming mental positive ions layer, 
followed by adsorption of counter ions, HCO− 

3  or CO2− 
3 . Thus, the concentration 

of precursor increase to its supersaturated degree for nucleation and the special 
nucleation sites were formed, which caused to the crystallization of the minerals. 
Meanwhile, from the point of molecular recognition, the arrangement and dis-
tances of the polar headgroups have affected the sizes and shapes of calcium 
carbonate and strontium carbonates formed. 

From above discussion, it is clear that DPPC monolayer have different effect 
upon the crystallization of calcium carbonate and strontium carbonates. The 
different crystal structure is the answer. Aragonite polymorph of strontianite 
didn’t have a fine lattice matching with the hexagonal lattice of DPPC momo-
layer, so, they cannot growth with a special orientation like the calcium carbo-
nate. However, electrostatic attraction occurring at the inorganic-organic inter-
face is equally crucial in the nucleation and growth of the two minerals. In the 
process of biomineralization, both lattice matching and electrostatic attraction 
play key role to direct and control the crystallization of minerals. 

5. Conclusion 

In summary, DPPC Langmuir monolayer has been used as template to compare 
the different effect upon the crystallization of calcium and strontium carbonates. 
The well-oriented (104) crystal plane of calcite and aragonite configuration of 
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substantiate has been obtained in our experiment. Lattice matching and elec-
trostatic attraction between the monolayers and subphase are essential factors of 
“molecular recognition” in biomineralization; both of them have critical effect to 
determine the size, morphology and nucleation orientation of the mineral. 
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