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Today, hydroxyapatite, Ca10(PO4)6(OH)2 and calcium 
phosphate based materials are being increasingly used 
as implants and synthetic bone grafts. Beside of the 
good bioactivity and osteoconductivity of these ma-
terials they are not osteogenic and active in bone re-
generation. Therefore, they have to be associated with 
bone growth osteogenic factors, such as mesenchy-
mal progenitor cells (Cancedda, et al., 2007, Fischer, 
et al., 2003, Mankani, et al., 2001). In this condition, 

many problems in controlling the shape, size, and tex-
tural properties of the materials will be created at the 
presence of osteogenic bioactive molecules (Fischer, 
et al., 2003, Mankani, et al., 2001). Many attempts 
have been therefore undertaken worldwide to improve 
bone orthopaedic or dental implants fixation properties 
through the chemical surface modification. The main 
goal in this in this process was to achieve a faster bone 
growth and chemical bonding of the implant with the 
newly generated and bone. Some of the most signifi-
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cant approaches for osseointegration and in tissue en-
gineering of bone regeneration have been reviewed in 
a special issue of Science (Kiberstis, et al., 2000). A 
major improvement in this area has been achieved by 
addition of surface modified calcium hydroxyapatite 
(HA) with silica/silicate species. A successful work 
have been reported by Biomaterials group at Cam-
bridge University (Prof Bill Bonfield) using high 
concentrated silica (30–50 wt.%) containing materi-
als, such as bioglasses and glass-ceramics (Sun, et 
al., 2001, Hench and Polak, 2008, Yuan, et al., 2001). 
They also have developed a silicon substituted (0.8 
wt.%) HA in granular form. More recently enhanced 
nucleation or fast formation of bone like layer of HA 
nanocrystals at the surface of TCP nanoparticles in a 
simulated body fluid solutions containing sodium sili-
cate has been reported by us (Sadjadi, et al., 2011). 
We have demonstrated that, surface modification of 
hydroxyl apatite by SBF solution containing sodium 
silicate can successfully promote bone marrow stem 
cell growth in 7 days (Sadjadi, et al., 2010). Herein, 
for better understanding about silica coated and silica 
substitute HA and their influence on the human os-
teoblast-proliferation behavior (an in vivo study), we 
firstly attempted to synthesize silica coated hydroxy-
apatite nonocomposite (Si-HA) by a sample method. 
Characterization of the samples prepared in this stage 
revealed a great change in the sample’s morphology 
and decrease of nHA crystallinity after its immersion 
in silica solution. These results can be attributed to the 
highest bioactivity and bio-degradability of the silica 
coated nHA samples.

MATERIALS AND METHODS

Materials
All chemicals regents, collagen, CaCl2.2H2O, 
Na3PO4.12H2O, NH3 and NH4Cl, were supplied from 
Merck company and used without any further pu-
rifications. Infrared Spectroscopy (FTIR; Thermo 
Nicolet Nexus 870), Scanning Electron Microscopy 
(SEM; Philips electron microscope) and Transmis-
sion Electron Microscope (TEM; Philips EM208  
and microscope operated at 100 kV) and X-ray 
Powder diffractometry (XRD; Seisert Argon 3003 
PTC using nickel-filtered XD-3D Cu Ka radiations 
(l = 0.154 nm) were used for characterization of the 
samples.

Synthesis of hydroxyapatite nanocomposites
The procedure for preparation of the samples was the 
same as described by (Lo pez-Alvarez, et al., 2009) 
with some small modification. Firstly 1.2, 2.8 and 4g 
of collagen was dissolved in 70 mL of distilled water 
and stirred continuously by a magnetic stirrer in its 
maximum speed and heated simultaneously at about 
68°C.  After stirring for 2 hours, 80 mL of calcium 
chloride solution (0.1 M) was slowly added to the 
above prepared biopolymer solution. After stirring 
for 1 hour, 48 mL of sodium phosphate (0.1 M) was 
added drop wisely, and stirred again under controlled 
pH = 10. The products obtained were finally filtered 
and washed with double-distilled water to eliminate 
sodium chloride as by product, and dried at room tem-
perature. 
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Order Reagent Amount Container Purity (%) Formula weight

1 NaCl 8.035g Weighting paper 99.5 58.4430
2 NaHCO3 0.355g Weighting paper 99.5 84.0068
3 KCl o.225g Weighting bottle 99.5 74.5515

4 K2HPO4.3H2O 0.231g Weighting bottle 99.0 228.2220
5 MgCl2.6 H2O 0.311g Weighting bottle 98.0 203.3034
6 1.0M HCl 39 mL Graduated cylinder - -
7 CaCl2 0.292g Weighting bottle 95.0 110.9848
8 Na2SO4 0.072g Weighting bottle 99.0 142.0428
9 Tris 6.118g Weighting paper 99.0 121.1356
10 1.0M HCl 0 – 5 mL Syringe - -

Table 1. Inorganic constituents for preparation of 1000 mL of SBF solution.
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Synthesis of siliceous hydroxyapatite nanocomposite
Siliceous hydroxyapatite nanocomposite was prepared 
by dispersing above prepared nanocomposite in 30 cc 
of double-distilled water containing 7.0g Na2SiO3 in a 
beaker and stirred for 24 hours at the room tempera-
ture. The sample was then incubated for 72 hours at 
36.5°C and the product was filtered and washed with 
double-distilled water, and dried at room temperature.

Preparation of SBF solution
The SBF solution was prepared according the method 
described by (Kokubo and Takadama, 2006). Accord-
ing to this approach, for preparation of 1000 mL of 
SBF solution, 700 mL of distilled water in a 1000 mL 
plastic beaker was heated to 36.5 ± 1.5°C under stir-
ring and the reagents of No. 1 to 8 (given in Table 1), 
was dissolved one by one into the solution at ( 36.5 
± 1.5°C ). The reagents of No. 9 (Tris as buffering 
agent) and No.10 (small amount of molar HCl) were 
finally added for pH adjustment to 7.4 and finally we 
added distilled water up to 900 mL in total. When the 
solution temperature falls to 20°C, we adjusted the 
solution volume to 1000 mL by adding distilled wa-
ter. The nominal ion concentrations of SBF solution 
in comparison with those of human blood plasma is 
shown in Table 2.

RESULTS AND DISCUSSION

FTIR study 
Fig. 1a,b represents FTIR spectra of the as prepared 
nHA in collagen matrix before and after immersion in 

sodium silicate solution. In these spectra, characteris-
tic absorption bands appearing at 561, 603 and 986-
1100 cm−1 show the presence of functional phosphate 
groups for both the cases even after immersion in SBF 
solution (Kokubo and Takadama, 2006). Furthermore, 
the peaks observed at 3571 and 1640 cm−1 were due 
to vibrational bands of hydroxyl group (Lopez-Alva-
rez, et al., 2009, Russell, et al., 1996). This observa-
tion confirms the presence of phosphate groups in the 
samples before and after immersion in silica solution. 
After immersion of the HA firstly in silica-containing 
solution and then in SBF solution for 72 hrs, three new 
small peaks in comparison with HA spectra have been 
appeared. 

They were peaks at 471 cm−1 (υ1), 798 cm−1 (υ2), and 
1210 cm−1 (υ3), as shown in the spectra after immer-
sion in SBF solution. The bands at 417 cm−1 and the 
shoulder at 1210 cm−1 have been assigned to Si–O–Si 
bending mode and the band at 798 cm−1 can be related 
to the Si–O–Ca vibration band (YingJun, et al., 2006, 
Xia and Chang, 2007). These results, can be related 
to the formation of a silicate apatite (Si-HA) (Sinha 
and Guha, 2008) on the surface of as synthesized HA. 
Note that, absorption bands observed in the range of 
1300–1650 cm−1 have been assigned to the stretching 
and bending modes of C–O and P–O bonds and air 
carbonated (CO3)

2− ions (Gou and Chang, 2004, To-
worfe, et al., 2006, Wang, et al., 2002, Rehman and 
Bonfield, 1997).

Ion
Ion concentrations (m M)

SBF
Blood Plasma

Na+ 142.0 142.0
K+ 5.0 5.0

Mg2+ 1.5 1.5
Ca2+ 2.5 2.5
Cl- 103.0 147.8

HCO3- 27.0 4.2
HPO42- 1.0 1.0
SO42- 0.5 0.5

pH 7.2 – 7.4 7.40

Table 2. Ion concentrations of SBF in comparison with those 
in human blood plasma.

Fig. 1. FTIR spectra of : a) nHAp; b) silica coatted nHA nano-
composites. This Figure illustrates the hdroxy apatite’s char-
acteristic absorption bands in both the cases.
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Morphological study
Scanning electron microscopy (SEM)
Fig. 2a-d represents SEM images of the HA prepared 
in 1.2, 2.8, and 4 gram collagen matrix. A simple com-
parison of these images reveals that, the smaller nano-
crystallite or nanorods has been formed for the sample 
containing 4 gram collagen as a matrix.

Fig. 3a,b, shows SEM images of the as synthesized 
nHA in 2.8 g collagen before and after immersion in 
SBF solution. Growth and redistribution of HA nano-
composte after its immersion in SBF solution can be 
easily observed in Fig. 3b.

Fig. 4a,b and Tables 3,4 represent dispersive analy-
sis of X-ray (EDAX) results obtained for HA and sil-

The effect of silica coating on bioactivity and biodegradability of...

Fig. 2. SEM image of nHAp synthesized in: a) 1.2; b) 2.8 and c,d) 4 gram collagen matrix.

Fig. 3. SEM image of nHA synthesized in 2.8 g collagen: a) before and b) after 72 hrs immersion in SBF solution.
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ica coated HA nanocomposites. These results shows 
that, the average Ca/P atomic ratio was at about 1.58 
in both the cases and confirm therefore that, the silica 
substitution in HA structure has not been occurred.

Transmission electron microscopy (TEM)
Fig. 5a,b show the TEM images of nHA synthesized in 

2.8 gram collagen as a matrix before and after immer-
sion in the sodium silicate solution. Formation of rod 
like nHAp shown in Fig. 5a, with 35 nm long and 5.5 
nm diameters in the presence of collagen matrix can 
be observed. In figure 1b silica coated nHA nanopar-
ticles after immersion of HA in sodium silicate was 
shown.

Fig.4. X-ray dispersive analysis results (EDAX) for: a) HA synthesized in this work; b) Siliceous HA nanocomposites.

Element Series
Unn. C

(Wt.%)

Nrm. C

(Wt.%)

Atom. C

(At.%)

O K 31.61 28.00 46.73
Na K 1,72 1.53 1.77
P K 25.71 22.78 19.63
Cl K 1.15 1.02 0.76
Ca K 52.68 46.68 31.10

Element Series
Unn. C

(Wt.%)

Nrm. C

(Wt.%)

Atom. C

(At.%)
C K 10.36 7.40 16.68
O K 48.24 80.94 58.27
Na K 5.69 10.11 4.79
Si K 8.70 20.80 5.99
P K 8.88 18.99 5.54

Ca K 18.13 37.24 8.74

Table 3. EDAX ZAF Elemental quantification of the as pre-
pared HAp.

Table 4. EDAX ZAF Elemental quantification of prepared 
silica coated nHAp.

Fig. 5a,b. TEM image of: a) nHAp synthesized in 2.8 g collagen matrix before and (b) after silica coating.
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XRD study
Fig. 6a,b shows powder X-ray diffraction patterns of 
the prepared nHAp and Si-nHA after soaking 72 h in 
SBF solution at 37°C. The diffraction peaks appear-
ing in the Fig. 6a was identified using PDF card # 00-
024-0033 as well as 00-001-1008 and 00-009-0432 
concerning to the hexagonal HA structure. In this  
pattern, all the major peaks were the same as record-
ed for XRD pattern of hexagonal HA (P63/m). The  
diffraction peaks of Si-nHA shown in the Fig. 6b was 
identified to PDF card # 00-001-0008 corresponding 
to the Calcium Hydroxide Phosphate, Ca10(PO4)6.
(OH)2 with some impurity peaks corresponding to 
NaCl. Interesting point in this pattern was absence  
of the peaks concerning to the silica crystallites.  
Only a broad and relatively intense peak appeared 
at low angle which may be due to amorphous silica  
presence.

Noting that, the highest diffraction peak for both the 
cases at 2q values of 32.24 and 32.197 corresponding 
to (112) Miller plane was selected for calculation of 
crystalline size. The mean crystallite size (D) for both 
the prepared samples was therefore calculated from 
the XRD line broadening measurement using Scherrer 
equation:

Where, l is the wavelength (Cu; Kα), β is the full 
width at the half maximum of HA (112) line and θ 
is the diffraction angle. The average crystallite size, 
calculated for HA samples after 72hrs soaking in SBF 
solution was 5.6 nm. A closer look at these HA pat-
terns shows occurrence of a major change or decrease 
in HA structure crystallinity in revenge to the forma-
tion of a glassy form of HA due to the silica coating in 
Si-HA samples was and can be attributed to the high-
est bioactivity; bio-degradability of the HA samples 
and formation of simultaneous silica and HA in a glass 
form during the 72 hrs immersion of the Si-HA sam-
ples in SBF solution. 

CONCLUSIONS

- The presence of PO4
3− group in both the HA and Si-

HA synthesized in collagen matrix confirmed by char-
acteristic FTIR absorption peaks of PO4

3−.
- Formation of HA framework  in both the cases (HA 
and Si-HA) has been confirmed by XRD patterns and 
appearance of the FTIR characteristic stretching vi-
bration of OH- groups in HA structure at 3575 cm-1 .
- The EDAX elemental analysis data and appearance 
of two new additional bands at 798 and 1210 cm-1 con-
firm presence of silica derivatives in Si-HA samples.   
- The same atomic ratio of Ca/P observed from the 
EDAX elemental analysis data for the HA samples 
before and after immersion in silica solution confirms 
that no substitution of the phosphate groups by silicate 
ions has been occurred in Si-HA samples. 
- Decrease of HA’s crystallinity in Si-HA sample 
and formation of a glassy form of HA in revenge and 
growth of its grain size after 72 hrs immersion in SBF 
solution can be attributed to the bioactivity and bio-
degradability of HA in silica coated samples.
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Fig. 6. Powder X-ray diffraction of: a) nHAp; Silica coated 
HA nanocomposites after 72 hrs immersion in SBF solution.
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