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ABSTRACT. In order to obtain a low crystalline nanohydrxyapatite (HAP), 
suitable for biomedical application, a new synthesis procedure was developed, 
based on the aqueous precipitation method, at room temperature, without any 
additives. Accordingly, lyophilized HAP powders, both calcined and non calcined, 
were prepared, and characterized by XRD, TEM and AFM imaging, FTIR 
spectroscopy, zeta potential and BET measurements. The results confirmed 
HAP as the only phase present. The high porosity of this nanomaterial is 
attained. The nanoparticle size and shape as well as the crystallinity degree of 
the obtained HAP samples were also determined. 
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INTRODUCTION  

 
Hydroxyapatite, Ca10(PO4)6(OH)2, (HAP) is a preferred material for 

hard tissue replacement, due primarily to its bioactivity and biocompatibility. 
Most physical and chemical properties of synthetic hydroxyapatite are largely 
influenced by the preparation conditions. Wet chemical methods are considered 
as most capable to achieve controlled shapes and sizes of HAP particles, by 
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the variation of synthesis parameters [1]. In the precipitation method, based 
on the reaction of calcium nitrate and diammonium hydrogen phosphate in 
aqueous solutions at basic pH (over 10), a rather long maturation stage is 
needed for their full conversion to the less soluble and thermodynamically most 
stable product, HAP, with a high crystallinity degree [2]. But here we are 
interested in a small size of nanoparticles and low crystallinity, which jointly 
with a high porosity of the material should assure a good biological activity, 
for potential biomedical use. Following our syntheses of different calcium 
phosphates, more or less substituted [3-5], we designed a preparation 
procedure for pure HAP, without the addition of other substances, at room 
temperature, and without maturation at higher temperatures.  
 
 
RESULTS AND DISCUSSION 

 
X-ray diffraction patterns were obtained for the noncalcined (sample A) 

and calcined (sample B) lyophilized HAP powders. In Figure 1 the spectra for 
sample A and sample B are compared with the PDF 74-0565 for stoichiometric 
hydroxyapatite. For both samples, hydroxyapatite is the only crystalline 
phase present. The calcination at 300oC could not bring about a conversion 
to β-tricalcium phosphate, which might be possible only at much higher 
temperatures. The highest peak occurs at a 2θ value about 32o, and corresponds 
to the (211) peak of HAP [6]. Rather broad peaks are observed in Fig. 1.  

 

  
     a            b 

Figure 1. XRD patterns for sample A (a) and sample B (b),  
compared with PDF 74-0565 for stoichiometric hydroxyapatite 

 
 

 Such peaks can result from either a poor crystallinity or a very small 
crystal size [7], and for small crystallites it is difficult to discriminate between 
these two factors [8]. The crystallite domain is estimated as 13.8 nm (sample A), 
and 15.1 nm (after calcination, sample B), while the crystallinity degree is 21.3% 
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(A), respectively 23.1% (B), so here both causes apply. For a fast mixing of 
reactants, as in our experiments, the decreased HAP crystallinity was also 
observed [9], as an outcome of the supersaturation and local inhomogeneity 
resulted from the rapid mixing of the phosphate and the calcium containing 
solutions. Calcination brings about a slight increase, both in crystallite size 
and crystallinity degree, as found also for related situations [10]. 

TEM images for the aqueous dispersion of sample A (an example in 
Fig. 2) show acicular (rod-like) formations, which at higher resolution prove to 
be filiform assemblies of small nanoparticles. Most of these needles have a 
length in the range of 50 – 70 nm, while a few attain even over 100 nm; their 
diameter is the diameter of a nanoparticle, namely about 10 nm. These 
observations are similar to those found in the state of the art for related systems. 
Rod-shaped crystals with diameters 10–60 nm and lengths 200–500 nm 
were observed for HAP obtained at a temperature of 37 °C, aged overnight, 
and air dried [11]. Rods formed by smaller particles with sizes around 5 nm 
were also observed [7]. 
 
 

  
a                                                                   b 

Figure 2. TEM images of sample A dispersed in water;  
the bars in the images are 200 nm (a), and 100 nm (b) 

 
 
The FTIR spectra are compared in Figure 3 for lyophilized samples 

without calcination (A) and after calcination at 300 oC for 1 h (B). The spectra 
were normalized to 1 for the highest absorption peak and shifted along the y 
axis for comparison. The characteristic absorption bands corresponding to 
the vibrations of the PO4 and OH groups of hydroxyapatite are present. 



A. MOCANU, R. BALINT, C. GARBO, L. TIMIS, I. PETEAN, O. HOROVITZ, M. TOMOAIA-COTISEL 
 
 

 
98 

4000 3500 3000 2500 2000 1500 1000 500

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

A
b

so
rb

a
n

ce
, 

a
.u

.

Wavenumbers, cm-1

 Sample A
 Sample B

 
 

Figure 3. FTIR spectra of lyophilized samples without calcination (A)  
and after calcination (B); the spectra are normalized 

 
 
The most intense band is that corresponding to the asymmetric PO4 

stretching mode ν3; it has two peaks: the highest at 1036 (A), and 1043 cm-1(B), 
the lower at 1093-1094 cm-1. They are characteristic for stoichiometric HAP, but 
the presence of type B carbonate substitution (wave number 1045 cm-1) could 
contribute to the shift of one of the main peak to higher wave numbers [12]. The 
symmetric PO4 stretching mode ν1 is IR-inactive for the ideal tetrahedral 
symmetry (Td) of the group, but the deformation of the PO4 tetrahedron in the 
apatite lattice lowers its symmetry [13, 14], so an absorption peak appears 
with low intensity at 962 cm-1. The bending modes of PO4 appear at lower wave 
numbers. The asymmetric bending ν4 (triply degenerate for Td symmetry) [15] 
generates a band with two peaks, at 565-567 and 603-604 cm-1. The symmetric 
bending mode ν2 gives only a low intensity maximum at 472-473 cm-1.  

The characteristic OH peaks appear at 3569-3570 and 632-633 cm-1 
and are an indication for the appropriate stoichiometric ratios in the synthesis 
of HAP [16,17]. The first peak is due to a stretching OH vibration [18,19] and 
is superposed on the broad band with maximum at 3431-3433 cm-1 due to O-H 
stretching vibrations in absorbed water molecules [20] with hydrogen bonding 
O-H…O in the samples. The HAP OH band appears more distinct in the calcined 
sample (B), probably because of a partial loss of absorbed water by calcination, 
and a corresponding diminution of its broad absorption band. The peak at 
632 cm-1 corresponds to the OH libration band. The band at 1633-1635 cm-1 
originates from absorbed water. 
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The bands at 1455-1457. 1415-1421 and 875-878 cm-1 are assigned 
to CO3

2- (asymmetric stretching ν3 and out of plane bending ν2 the last) [21], 
originated from the interactions of HAP with CO2 absorbed by the samples 
from the atmospheric air. In the samples calcined at 300oC these bands are 
attenuated.  

 
 
 

 
  

   a        b              
 
a             b               c 

 
Figure 4. AFM images for sample B adsorbed on glass support for 10 s:  

2D- topography (a), 3D-topography (b) and cross section profile (c)  
along the arrow in panel (a); scanned area of 1µm x 1µm. 

 
 

Carbonated HAP can contain CO3
2- ions substituting for OH- (type A) 

or for PO4
3- (type B). While biological apatites are mostly type B, synthetic 

HAPs are of mixed type (AB) [22]. The bands ca. 1415 and 1450 cm-1 are 
characteristic for type B or AB [23]. The presence of CO3

2- may improve the 
bioactivity of HAP rather than being a cause of concern [24]. 

In the spectra of our samples are missing the bands assigned to 
vibrations of non-apatitic HPO4

2- ion, at 530-540 cm-1 [12, 25] or 1125 and 
1145 cm-1 [12], as well as maxima characteristic for non-stoichiometric apatites 
(1018 cm-1) [12]. This confirms the phase purity of the obtained HAP samples, 
as evident also from the XRD patterns. 

Some typical AFM images are given in Figure 4 for the calcined HAP 
sample (B). They include 2D and 3D topographical images, and cross section 
profiles along selected directions in the 2D topography. The images are 
consistent with the results of TEM and XRD investigations regarding the 
shape and size of nanoparticles. 

The samples presented low positive zeta potential values. For instance 
the lyophilized not calcined sample A had ζ = 6.71 mV. This positive potential 
could be a consequence of ionization (release of OH- ions in the solution). 

The BET measurements revealed a rather high specific surface area: 
144 m2/g for the not calcined sample. By calcination the specific surface area 
is diminished to 91 m2/g, as an effect of nanoparticles sintering, while the 
pores specific volume is rather unchanged (0.332, respectively, 0.361 cm3/g). 
The values are comparable with reported data for related circumstances [26]; 
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for instance ‘‘as precipitated’’ HAP made at room temperature was reported 
to possess a surface area of 90 m2/g, after oven drying, and 113 m2/g after 
freeze-drying [27]. The adsorption-desorption isotherms are of type IV. The 
most probable pore radius was 7.7 nm, so the samples can be classified  
as mesoporous materials, according to the IUPAC notation [28], with pore 
diameters between 2 and 50 nm. Since the nanoparticles themselves (TEM 
images) are not porous, this porosity results mainly from the agglomerations 
of nanoparticles. 

 
 

CONCLUSIONS 
 
The proposed chemical preparation method, by precipitation in 

aqueous phase, without any organic and inorganic additives (surfactants, 
templates), at room temperature and without a long maturation stage resulted 
in a low crystallinity nanostructured hydroxyapatite. Together with its high 
porosity, these properties should assure a good biological activity, which 
recommend this material for biomedical applications, along with substituted 
hydroxyapatites, containing silicon [29], zinc [26], strontium [30], magnesium 
[5] or silver [31].  
 
 
EXPERIMENTAL SECTION 

 
Nanostructured hydroxyapatite was prepared by a simple method, 

starting with two solutions: (a) a 0.25 M calcium nitrate solution, obtained 
from Ca(NO3)2·4H2O (pure p.a., Merck) dissolved in ultrapure water, with 25% 
ammonia solution, in order to assure a pH value of 8.5, and (b) a 0.15 M 
diammonium hydrogen phosphate solution, prepared from (NH4)2HPO4 (pure 
p.a., Sigma-Aldrich) dissolved in ultrapure water, with 25% ammonia solution 
added to assure a pH value of 11. The two solutions, at room temperature 
(22oC), were quickly mixed, using a peristaltic pump and an impact reactor 
type Y for the two fluid streams, containing the reactants in stoichiometric ratio. 

The obtained dispersion, without any subsequent treatment, in the 
presence of the mother liquor, was filtered (Filter Disks Munktell, grade: 
382), and washed with ultrapure water (until no nitrate ions were detected). 
A wet precipitate (paste) was obtained. Sample A (lyophilized powder) was 
prepared by further processing of the precipitate: it was dried by lyophilization 
(freeze drying) at -50°C at a pressure of 0.040 mbar (0.03 torr), and the 
obtained material was dispersed by grinding in an agate mortar. Sample B 
(calcined lyophilized powder) was obtained by calcination of sample A at 300 ºC 
(for 1 h). 
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The samples were characterized by X-Ray Diffraction (XRD) investigations 
used a DRON-3 diffractometer, in Bragg-Brentano geometry, equipped with 
a X-ray tube with Co Kα radiation (wavelength 1.79026 Å), 25 kV/20 mA. 
Phases were identified by comparing the peak positions of the diffraction patterns 
with PDF files such as PDF 74-0566 for stoichiometrical HAP. The average 
crystallite size for these samples was evaluated by the Scherrer method, from the 
width of the most intense diffraction peaks, measured at half-maximum. The 
crystallinity degree of the samples was also estimated. 

The samples were observed with a transmission electron microscope 
(TEM, JEOL – JEM 1010). The HAP aqueous dispersion of sample A (paste), 
needed for TEM imaging, was prepared by ultrasonification, using a high intensity 
ultrasonic processor Sonics Vibra-Cell, model VCX 750, for 5 minutes, at 
room temperature. From their aqueous dispersion, the particles were adsorbed on 
the specimen grids, while the excess solution was removed with filter paper 
and the samples were air dried. TEM images have been recorded with JEOL 
standard software. Atomic force microscopy (AFM) images were obtained 
using the AFM JEOL 4210 equipment, operated in tapping mode [32-41], with 
standard cantilevers having silicon nitride tips (resonant frequency in the range of 
200-300 kHz, spring constant 17.5 N/m). The particles were adsorbed (horizontal 
adsorption) from their aqueous dispersion for 10 s on glass. Different areas 
from 10 μm x 10 μm to 0.5 μm x 0.5 μm were scanned on the same film. The 
images (2D- topographies, phase and amplitude images, and cross-section 
profiles for the adsorbed HAPs layer, along a selected direction) were processed 
by the standard AFM JEOL procedures. 

FTIR spectra were measured on KBr pellets, containing the sample 
powder with a FTIR spectrometer JASCO 6100 in the 4000-400 cm-1 range 
of wave numbers, with a 4 cm-1 resolution. Zeta potential measurements were 
performed using the Malvern Zetasizer Nano-ZS90, on the aqueous dispersions 
of lyophilized non calcined and calcined samples. BET analysis was achieved 
with an automated Sorptomatic 1990 instrument, with nitrogen adsorption at 
77 K. The calculation of surface area was made in the P/Po range between 0.03 
and 0.3, and the total pore volume was determined at P/Po = 0.95. Before 
the analysis the samples were outgassed for 6 h at 70 oC. 
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