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Abstract: The effects of aspartic acid on the crystal growth, morphology of hydroxyapatite(HAP) crystal were investigated, and the 
inhibition mechanism of aspartic acid on the crystal growth of hydroxyapatite was studied. The results show that the crystal growth 
rate of HAP decreases with the increase of the aspartic acid concentration, and the HAP crystal is thinner significantly compared with 
that without amino acid, which is mainly due to the )0110(  surface of HAP crystal being inhibited by the aspartic acids. The 
calculation analysis indicates that the crystal growth mechanism of HAP, following surface diffusion controlled mechanism, is not 
changed due to the presence of aspartic acid. AFM result shows that the front of terrace on vicinal growth hillocks is pinned, which 
suggests that the aspartic acid is adsorbed onto the )0110(  surface of HAP and interacts with the Ca2+ ions of HAP surface, so as to 
block the growth active sites and result in retarding of the growth of HAP crystal. 
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1 Introduction 
 

Hydroxyapatite [Ca5(PO4)3OH, HAP], is the most 
stable calcium phosphate salt among the calcium 
phosphate phases. And it is also the model compound for 
the inorganic component of bone and teeth[1−5]. In the 
biomineralization process of bone and teeth, the amino 
acids took part in and played important role in 
controlling the crystal growth of HAP[6−8]. On the other 
hand, calcification is the most frequent reason of the 
clinical failure of cardiac valve bioprostheses fabricated 
from porcine aortic valves[9]. The mineral deposits of 
the human atherosclerotic aorta consisted mainly of 
calcium apatite (71%), carbonate (9%) and contained 
high percentage of protein (15%)[5]. The average molar 
ratio of Ca to P is about 1.7 in mature atherosclerotic 
plaque biomineral and mature sceletal biomineral, of 
which there is approximate HAP in composition. 
Treatment with amino acids appears to prevent the 
calcification of cardiac bioprostheses[10−13]. 

Amino acids are compounds of major importance 
for living organisms to move freely in blood circulation 
after digestion of proteins. Also, it has been proved that 
they enter into the cell environment by simple diffusion 
[14], thus their concentration is controlled by 

physiological mechanisms. It is obvious that the studies 
of such molecules of biological relevance on 
hydroxyapatite crystal growth can be related directly to 
important process of desirable or pathological 
calcification. 

In order to assess the effect of amino acids on 
crystal growth of HAP and elucidate the mechanism of 
calcification, the role of amino acids in the crystal 
growth of HAP has been investigated[15−20]. It is found 
that the crystal growth of HAP decreases in the presence 
of amino acids compared with that without amino acids, 
and conferred that the main reason for inhibiting the 
crystal growth of HAP is the adsorption of amino acid on 
HAP. However, these results come from speculation and 
are lack of real insight into the biological calcification 
process. In this work, the kinetics of HAP crystal growth 
and the morphology of HAP crystal in the presence of 
aspartic acid were investigated. And the inhibition 
mechanism of aspartic acid on the crystal growth of 
hydroxyapatite was discussed. 

 
2 Experimental 
 
2.1 Materials 

High purity aspartic acid was obtained from Sigma 
Chemical Company(＞99%). Hydroxyapatite powder  
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was synthesized by our groups, and its preparation 
procedure and characterization of HAP were reported in 
Ref.[21]. HAP was used as adsorbent and seed material. 
The specific surface area(SSA) of HAP was 320 m2/g, as 
determined by N2 gas adsorption (Micromeritics, Gemini) 
using a multiple point BET method. 
 
2.2 Precipitation experiments 

All experiments were performed at (37±0.13)℃ in 
a thermo-stated double walled. Solid reagent-grade 
(Merck) Ca(NO3)2, NH4H2PO4, NaCl and triply distilled 
CO2-free water were used in the preparation of the 
supersaturated solutions. The molar ratio of Ca to P was 
kept at 53׃. The ionic strength of the solutions was 
adjusted to 0.15 mol/L by the addition of NaCl. NH4OH 
and HCl were used to adjust the pH at 7.4. Followed by 
the pH adjustment, the crystal growth process was 
initiated by the addition of 20 mg well characterized 
HAP seed crystals. The aspartic acid was dissolved in the 
supersaturated solution before the crystallization process. 
Throughout the crystallization process water-saturated 
purified nitrogen was bubbled through the solution in 
order to preclude atmospheric carbon dioxide from 
dissolving into the solution. A pH-meter (Metrohm 691) 
was used for measuring pH value. Connection of the 
pH-meter was modified so as to accommodate two 
burettes, mechanically coupled and mounted onto the 
shaft of the piston burette, through the simultaneous 
addition of exactly equal volumes of reagents, to achieve 
invariability of all species in solution. 
 
2.3 Morphology investigation 

The HAP nanoparticles were put into alcohol and 
dispersed by the ultrasonic, then the suspend solution 
was dropped onto the bronze net and bomb load, 
respectively. The morphology and selected area diffrac-  

tion (SAD) were investigated on Jeol 2000FXⅡTEM. 
The surface morphology was observed on AFM. 
 
3 Results 
 

The crystal growth rates of HAP in the absence and 
presence of aspartic acid are listed in Table 1. From it we 
can see that the crystal growth rate of HAP decreases in 
the presence of the aspartic acid compared with that 
without amino acids, and the inhibitory activity of 
aspartic acid increases with increasing concentration of 
aspartic acid. Experiments at different amounts of seed 
crystals (10, 15, 20 and 40 mg) show the same initial 
crystal growth rates. Changes in the stirring rate between 
100 and 800 r/min have no effect on the growth rate. 

Fig.1 shows the TEM images of HAP in the absence 
and presence of aspartic acid, respectively. From it we 
can see that the HAP crystal in the presence of aspartic 
acid has silk-like shape. And HAP crystal is thinner 
significantly compared with that without amino acid. The 
SAD pattern of HAP crystal (see Fig.1(b)) shows that the 
long axis of HAP crystal is parallel to the (0001) surface 
of HAP, which indicates that the (0001) surface of HAP 
is unchanged, namely, the )0110(  surface of HAP is 
inhibited. 

 
4 Discussion 

 
The crystal growth rate of HAP (R) is proportional 

to the relative supersaturation, which can be defined as 
[15−20] 
 
R=kSσn                                     (1) 
 
where  k is the rate constant; S is a function of the active 
growth site on the crystal surface; n is the apparent order 
of the crystallization, σ is the relative supersaturate degree 

 
Table 1 Crystal growth rate of HAP under presence of aspartic acid  

Sample No. ct(Ca)/(mmol·L−1) ct(P)/(mmol·L−1) ∆GHAP/(kJ·mol−1) c1/(mmol·L−1) ln σ R/(10−8mol·min−1·m−2)

1 0.50 0.30 −4.43 0 1.521 11.3 

2 0.40 0.24 −3.94 0 1.279 6.8 

3 0.35 0.21 −3.63 0 1.128 5.3 

4 0.30 0.18 −3.29 0 0.949 3.9 

5 0.25 0.15 −2.87 0 0.721 2.6 

6 0.50 0.30 −4.43 2 1.521 9.7 

7 0.50 0.30 −4.43 4 1.521 7.4 

8 0.50 0.30 −4.43 6 1.521 6.6 

9 0.50 0.30 −4.43 8 1.521 5.6 

10 0.50 0.30 −4.43 10 1.521 4.3 
ct(Ca) is total calcium concentration, ct(P) is concentration for total phosphate, ΔGHAP is Gibbs free energy of HAP, c1 is concentration of aspartic acid, σ is 
relative superstaturate degree, R is crystal growth rate 
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Fig.1 TEM images and SAD pattern of HAP in absence (a) and 
in presence (b) of aspartic acid 
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According to Eqn.(1), logarithmic plots yield 
straight lines in all cases. From the slope of the linear 
plots, the apparent order of the crystallization n can be 
obtained. The ionic product of the supersaturated 
solution is calculated by taking into account of all 
equilibriums. 

Fig.2 shows the relationship between ln σ and ln R 
in absence and in presence of aspartic acid. It can be seen 
that the apparent order of the crystallization is 2.0±0.1 
and 1.9±0.2, respectively. Experiments at different 
amounts of seed crystals (10, 15, 20 and 40 mg) show the 
same initial crystal growth rates normalized per unit 

surface area of the crystal substrate, which indicates that 
the crystallization process happens without being 
accompanied by either spontaneous or secondary 
precipitation. Changes in the stirring rate between 100 
and 800 r/min have no effect on the growth rate, 
suggesting that the growth rate determining step of the 
process is not bulk diffusion from the bulk solution to the 
crystal surface, which indicates that the crystal growth 
mechanism of HAP in the presence of aspartic acid 
follows surface diffusion controlled mechanism. 
Furthermore it is proved that the crystal growth 
mechanism has not changed due to the presence of 
aspartic acid. 
 

 

Fig.2 Relationship between ln σ and ln R 
 

The inhibitory activity of aspartic acid on HAP may 
be related to: 1) formation of ion pairs in the solution, 
thereby decreasing the drive force, i.e. the degree of 
supersaturation for crystal growth; 2) blocking of crystal 
growth sites by adsorption.  

In the presence of aspartic acids, the Gibbs free 
energy does not change appreciably even at the highest 
concentration level of the additive used, which illustrates 
the fact that changes in the crystal growth rate cannot be 
attributed to the reduction of the solution supersaturation 
due to ion-pair formation of the solute aspartic acid with 
one or more of the reactants. The data are corrected for 
changes in surface area, which is reduced during the 
crystal growth process. Calculations were done by 
introducing in the computer code HYDRAQL. The 
formation equilibrium of the 11׃ Ca-aspartic ion pair 
with its stability constant shows that in the case of the 
maximum concentration of aspartic (0.010 mol/L) only 
0.6% of the total calcium contributes in the formation of 
the aforementioned ion pair. It is therefore evident that 
the presence of aspartic acid in the concentration range 
investigated does not affect the concentration of free 
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Fig.3(a) shows the AFM image of the )0110(  
surface morphology of HAP crystal. It can be seen from 
the figure that the front of terrace on vicinal growth 
hillocks is pinned, which suggests that the foreign 
molecules (aspartic acid) are adsorbed onto the )0110(  
surface of HAP, and subsequently block the active 
growth sites of )0110(  surface. The adsorption model 
sketch map of aspartic acid on the )0110(  surface 
morphology of HAP is shown in Fig.3(b). 
 

 
Fig.3 AFM image (a) and model sketch map (b) of )0110(  
surface morphology of HAP crystal 
 

The presence of a foreign compound in the 
supersaturated solution by that the HAP-growth process 
takes place, results in an interaction of the solute species 
with the precipitate solid. The solute species have 
functional groups such as carboxyl and/or amino groups, 
which may be adsorbed reversibly onto the HAP crystal 
surface and interact with the positively and negatively 

charged ions of HAP crystal surface. From the above 
result, it is clear that the aspartic acid has a stronger 
retarding effect on HAP crystal growth rate, which seems 
to interact with Ca2+ ions of the crystal surface 
exclusively with their side terminal carboxyl groups. 
Aspartic acid has a short side group, and can also rotate 
freely around an axis vertical to the crystal surface when 
adsorbed onto the crystal surface, and thus the volume of 
adsorption can be described by a cone. For aspartic acid 
the projection of the cone onto HAP surface is a circle 
with radius of 0.332 nm[8]. So, it can be concluded that 
the aspartic acid has a stronger affinity constant and 
results in inhibiting activity against HAP crystal growth. 
 
5 Conclusions 
 

1) The crystal growth of HAP is inhibited in the 
presence of aspartic acid and the inhibitory activity of 
aspartic acid increases with increasing concentration of 
aspartic acid. TEM and SAD results show that the 
morphology of HAP is silk-like, which indicates that the 

)0110(  surface of HAP is inhibited by aspartic acid.  
2) Calculation indicates that the crystal growth 

mechanism of HAP in the presence of aspartic acid 
follows surface diffusion controlled mechanism, which 
reveals that the crystal growth mechanism is not changed 
in the presence of aspartic acid. 

3) AFM image shows that the inhibitory activity of 
aspartic acid on HAP is not due to the formation of ion 
pairs in the solution, but the aspartic acid adsorption onto 
the )0110(  surface of HAP and interaction with the 
Ca2+ ions on the )0110(  surface of HAP, which blocks 
the )0110(  surface growth of HAP. 
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