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ABSTRACT. Nano hydroxyapatite (n-HAp) and its composites have shown a great development in the field of 
tissue regeneration and in controlled drug delivery due to its good biocompatibility and bioactivity behavior. 
Furthermore, HAp-based nanocomposites enhance mechanical properties. These synthetic HAp nanocomposites 
can also be tailored to fabricate scaffold with controlled porosity which facilitate the growth of the cell in the field 
of tissue engineering. In this paper, we focus on the synthesis of nano hydroxyapatite (n-HAp) by sol-gel method. 
The synthesized nano powders were calcined at 500 oC and characterized by FT-IR, XRD and TEM. We have also 
described the synthesis of citric acid-based polyester by melt polycondensation method without adding catalyst. The 
monomers used were citric acid, 1,6-hexane diol and sebacic acid. The corresponding synthesized n-HAp/polyester 
composite have potential application in soft tissue engineering. The structures of polyester and its nanocomposite 
were studied by FT-IR and 1H NMR spectral studies. The thermal and mechanical properties of polyester, 
composites and cytotoxicity activity (MTT assay) using vero cells were also studied. Porous scaffold of the nano 
HAp/Polyester was fabricated by solvent-casting particulate leaching technique which is useful in the development 
of tissue engineering applications. SEM and TEM studies were carried out for nano HAp, polyester, composites and 
scaffold.  
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INTRODUCTION 
 
For the past few decades, synthetic biodegradable elastomers dominate in the field of tissue 
engineering, drug delivery system and gene treatment. Biodegradable elastomers were 
synthesized by melt polycondensation method but without adding catalyst which possesses 
suitable mechanical properties, suitable surface characteristics and bio-compatibility for 
fabrication of tissue engineering scaffolds [1]. Furthermore, there is increase in biocompatibility, 
mechanical strength and specific area of scaffolds with porosity can be prepared from 
nanocomposites. To fulfil the transplant conditions of fabricating scaffolds, biodegradable 
polyesters have chosen to be the most important biomaterial due to better biological activity and 
mechanical properties. Hence, we can improve the potential applications in bone tissue 
engineering [2]. Hydroxyapatite (HAp) has excellent biocompatible property and can be used in 
many biomedical applications such as bone substitutes, including prosthesis coatings, dental 
treatment, and as matrices for controlling drug delivery. Even in non-biomedical field HAp 
showed remarkable applications such as packing media for column chromatography, gas sensors, 
catalysis and as host materials for lasers [3, 4]. 

The mineral phase in human bone and HAp has similar chemical structure and shows a better 
affinity to host hard tissues [5, 6]. The main disadvantage of HAp is due to its poor mechanical 
properties which lead to formation of micro cracks during synthesis [7-9]. And also at high 
temperature, it can cause changes in Ca:P ratio. In order to improve its properties, the recent work 
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in bio ceramics is mainly concentrated on improving their mechanical and biological properties 
by combining with biodegradable polyesters with HAp [10]. Many methods followed for 
synthesis of nano hydroxyapatite particles (n-HAp) have been reported such as precipitation [11], 
hydrothermal [12], hydrolysis [13], mechanochemical [14] and sol–gel [15]. Among the above 
methods, sol–gel method [15] is chosen to be the suitable method as it has the good uniform 
mixing of the calcium and phosphorus precursors, which improves chemical homogeneity of the 
resulting HAp to a significant extent, when compared to the traditional method. Furthermore, the 
reaction involves in sol-gel method does not need high temperature which decreases the 
calcinations temperature [16]. NaCl is chosen as porogen as it is convenient, less expensive and 
it can easily create pores while fabricating scaffolds. In this article, we report the novel synthesis 
and characterization of citric acid based polyester and the corresponding nanocomposite using 
HAp nano particles synthesized by sol-gel method and scaffold fabrication by particulate-leaching 
process. 

EXPERIMENTAL 

Materials 
 

Sebacic acid (SeA) (99%) (Merck AR grade), 1, 6-hexane diol (HD) (99%) (Lancaster AR grade), 
and citric acid (CA) (99%) (Lancaster AR grade), were purchased and used as such. Sol-gel 
method was followed to prepare nano sized hydroxyapatite particles [17]. Minimal essential 
media (MEM) reagent, fetal bovine serum (FBS) and methylthiazolyl diphenyltetrazolium 
bromide (MTT) was used for cytotoxicity test. Porogen such as sodium chloride was used for 
fabrication of scaffold. 
 

Synthesis of polyester 
 

CA, HD and SeA were taken in the ratio 1:1:1, respectively. Initially the reaction mixture was 
melted at 160-165 oC and further the temperature was reduced to 140-145 oC. The stirring was 
continued for an hour which produces poly(1,6-hexanediol-sebacate-citrate), PHSeC pre-
polymer. The pre-polyester can be cast into thin film by pouring the reaction mixture into Teflon 
Petri dish and kept in an oven at 90 oC for one week to get thin film of post polyesters. 
 

Synthesis of nano-hydroxyapatite (n-HAp) by sol-gel method 
 

The first step of synthesis of n-HAp involves the addition of prepared 0.25 M phosphoric acid 
with ammonia solution. Next, 1 M calcium nitrate tetra hydrate solution was added to the above 
mixture. In order to maintain pH = 10, drops of ammonia was added. Then the solution mixture 
was continuously stirred for an hour and kept for 24 hours undisturbed. A white color gel obtained 
was dried in an oven for 30 min. The temperature used for calcination is at 500 oC [18]. At this 
higher temperature, the hydroxy apatite gel attains the dried form. Finally, the dried gel was 
ground and sieved to get hydroxy apatite in nano sized particles. 
 

Preparation of nano-hydroxy apatite/polymer composite 
 

The synthesized polymers PHSeC was made to dissolve in ethanol with 1:1 w/v and mixed with 
15% nano hydroxy apatite powder [19] and constantly stirred and poured into Teflon Petri dish 
and kept in an oven at 120 oC to get polymer nanocomposite thin film.  
 

Preparation of scaffold using poly(1,6-hexanediol-sebacate-citrate)/nano hydroxyapatite 
composite 

Yang et al. already worked with the same method for fabrication of scaffold using polyesters [1]. 
The porogen NaCl crystals were mixed with the PHSeC/n-HAp(15%)-dioxane mixture in the ratio 
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9:1, respectively and stirred vigorously for 24 hours and poured into Teflon Petri dish and kept in 
an oven at 110 oC for a week. A thick spongy scaffold was obtained after curing process. Distilled 
water is poured into the scaffold and kept for 4 days to leach out the salt present in it. Preparation 
of porous scaffolds has been successfully processed by using a solvent-casting particulate 
leaching technique [20]. After four days, scaffold was taken out and freeze dried for further 
characterizations. 
 
Cytotoxicity test (MTT assay)  
 
Cytotoxicity test was carried out using vero cells with 1 × 105/well. The cells were incubated in 
24-well plates at 37 oC maintaining with 5% CO2 condition. When the cell attains unification, the 
composite thin film was added and again kept for incubation for 24 hours. The film was taken and 
washed with MEM without serum. 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-tetrazolium 
bromide (MTT) was added and again incubated for 4 hours to determine cell viability [21]. The 
% cell viability was calculated using the following formula: 

% Cell viability = (Optical density of treated cells/optical density of sample) × 100 

Equipment 
 
The functional groups present in the polyesters can be identified with KBr using a Perkin Elmer 
IR Spectrometer. The 1H NMR Spectra of pre-polyesters can be determined by dissolving in d6-
DMSO solvent using AV 3500 MHz spectrometer. MALDI-MASS analysis was carried out by 
using Bruker Daltonics instrument. Dihydroxy benzoic acid was used as matrix and NaI was used 
as ionizing agent. The DSC studies were recorded at a heating rate of 10 oC/min using a Perkin-
Elmer Pyris I analyser. A Siemens D 500 Diffractometer with CuK, Ni filtered radiation was 
used for assessing crystallinity of polymers. The sample is continuously scanned over the 2 range 
from 5o to 80o and were utilized for quantitative phase analysis. Mechanical studies were carried 
out using Hounsfield instrument with 50 kilo newtons. The mechanical properties of polyesters 
and its composite thin films were measured and their values were calculated. The structure and 
morphology of polyester (PHSeC) and nanocomposite thin films were studied using a HITACHI 
S-3000 scanning electron microscope (SEM). Transmission electron microscope (TEM) (HR-
TEM, Model-HITACHI, and H-7650) was used to analyze the surface morphology and the 
nanocrystalline size of nano-HAp powders. In order to prepare sample for TEM analysis, nano-
HAp powders were dispersed evenly in ultrasonicator using methanol and poured a drop on 
carbon support film [22]. 

RESULTS AND DISCUSSION 
 

Fourier-transform infrared (FT-IR) spectroscopy 
 
In Figure 1, the symmetric stretching vibration at 1050 cm-1 depicts the presence of phosphate ion 
group in HAp. A broad band appears between 3350 cm-1 and 3550 cm-1 is due to –OH group. A 
peak at 1632 cm-1 is due to water molecules. Peaks around 1457 cm-1 shows the presence of 
carbonate ion in HAp.  

The infrared spectra of synthesized polyesters PHSeC and its nanocomposite is shown in the 
Figure 2(a and b), respectively. In Figure 2(a) the presence of carbonyl group present in the ester 
can be confirmed by the peaks appeared at 1720 cm−1. The peaks appeared at 1176 cm-1 showed 
the presence of C-O-C stretching vibrations of ester groups. The peaks appeared at 2935 cm−1 was 
due to methylene (-CH2-) groups from diacids or diols [23]. A broad peak appeared at 3469 cm-1 
confirms the presence of hydrogen bonding in hydroxyl groups. 
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Figure 1. FT-IR spectrum of nano hydroxy apatite. 
 

 

Figure 2. FT-IR spectra of (a) PHSeC and (b) nanocomposite. 
 

Figure 2(b) shows that the pronounced peaks around 1047 cm−1 suggest the presence PO4
3- 

group in polymer nanocomposites. Peaks at 1736 cm−1 shows the presence of carbonyl (C=O) 
groups from the ester group. This shows that composite contained both n-HAp and polyester 
functional groups. It can also be seen that -C=O bands around 1720 cm-1 are shifted to 1736 cm-1 
This change in shift shows that there is weak interaction between ester carbonyl groups of 
polymers due to the presence of nano HAp in nanocomposites [24, 25]. It can be observed that 
PO4

3- peaks of n-HAp at 1050 cm-1 shifted to little lower wavelength at 1047 cm-1 in the polymer 
composite. Such shifting may occur due to interactions between the PO4

3- in nano HAp and the 
polymer in the composite [26]. 
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1H NMR spectra of polyester 
 
In Figure 3, the various peaks appeared at 2.83 ppm were attributed to the methylene protons of 
citric acid. The multiple peaks located at 3.38 ppm were due to protons in –OCH2CH2– group 
from HD [1]. The peaks appear at 1.53 ppm were due to central –CH2 group of diacids. The 
multiple peaks located at 2.23 ppm were attributed to the protons in –CH2CO group. 
 

 
Figure 3. 1H NMR spectrum of PHSeC. 
 
Differential scanning calorimetry of polyesters 
 
The DSC heating thermograms of PHSeC and the corresponding nanocomposite (15% n-
HAp/polymer) are depicted in Figure 4. Usually, the composite is affected by the factor such as 
chemical cross-linking density. In the DSC thermogram, the reduction of Tg arises due to the 
incorporation of nano-HAp which hinders the further cross linking of polymers. The glass 
transition temperature (Tg) of polyester is around -32.3 oC and its nanocomposite is observed 
around -37.9 oC. This occurs due to the decrease in cross-linking density when n-HAp was 
incorporated into the PHSeC polymer. 
 
XRD analysis of n-HAp 

 
An X-ray diffractogram pattern of nano-HAp powder calcined at 500 oC is shown in the Figure 5. 
The XRD study indicated that the synthesized nanomaterial was crystalline structure. The 
appearance of sharp peaks confirms the formation of crystalline phase. There were no 
characteristic peaks of impurities which shows that prepared nano-HAp was of high purity. The 
XRD technique was carried out over the diffraction angle in between 2 (10-80o). The peaks of 
Figure 5 can be indexed as a hexagonal phase of hydroxyapatite with a lattice constant of a = 
9.418 Å and c = 6.884 Å, in good agreement with JCPDS card no. 09-0432. In prepared 
hydroxyapatite, the peak at 31.8° corresponding to the plane (211). The peak position at 21.84, 
22.98, 25.79, 28.07, 28.98, 34.12, 35.47, 39.86, 42.13, 43.80, 45.38, 46.72, 48.19, 49.48, 50.57, 
52.08, 53.05, 55.98, 61.71, 64.09, 65.08, and 77.08 are in accordance to plane of (200), (111), 
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(002), (102), (210), (202), (301) (310), (311), (113), (203), (222), (312), (213), (321), (402), (004), 
(322), (214), (323), (511), and (513) with the hydroxypatite phase [27]. Some other phases could 
not be detected in the pattern. The Scherrer formula [28] is used to calculate the crystalline size 
of the nanoparticles:  

d =
�.��l

� ��� �
   

where d is the diameter of the crystalline particle, λ is the wavelength of X-ray radiation, B is the 
full width at half-maximum (FWHM) of the peak and θ is the angle of diffraction. The crystalline 
size of the nanoparticle obtained is 28 nm. 
 

 
Figure 4. DSC thermogram of PHSeC and its nanocomposite. 

 
Figure 5. X-Ray diffractogram of n-HAp. 
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Mechanical properties 
 
As shown in Table 1, it can be observed that after incorporating nano-HAp powders into polyester, 
the tensile strength, the modulus of composites and the elongation have been increased. Increase 
in mechanical properties occurs due to increased interaction between matrix and n-HAp. From 
the table, it is observed that the PHSeC polymer nanocomposite exhibits better modulus value. 
The properties of sebacate and citrate polyesters composites are comparable to natural 
extracellular matrix (ECM) components, which are soft and elastic polymer provides mechanical 
stability to living organisms [29, 30]. Therefore poly(1,6-hexanediol-sebacate-citrate) is used for 
further studies such as scaffold fabrication and cytotoxicity test. The high tensile strength is due 
to result of the interfacial interaction between the polyester and nanocomposite surface. 
 
Table 1. Mechanical properties of n-HAp/polymer composite. 
 

Polymer 
%n- Hap 

Tensile strength 
(MPa) 

Young’s modulus 
(MPa) 

Elongation at 
break (%) 

PHSeC 0 0.140 0.931 14.64 
15 0.175 1.864 26.19 

 
Transmission electron microscopy (TEM) 
 
The morphological studies of the nano-hydroxyapatite, sintered at 500 oC were observed by the 
TEM, as shown in Figure 6. Agglomeration of nano-HAp particles was also observed. The 
transmission electron microscopic analysis confirms the presence of the spherical shape 
morphology of the prepared hydroxyapatite in the nanometer scale. The particle size has been 
enhanced by increasing temperature, which may be due to faster growth rate at higher 
temperatures [31]. At lower calcination temperature, there is possibility of reducing the particle 
size but with a poor mechanical property. At higher calcination temperature especially above 600 
oC, the particle size of hydroxy apatite increases which becomes more brittle as it is not suitable 
for fabricating scaffolds. Hence, we chose 500 oC is the optimum temperature for preparing nano 
hydroxy apatite. The particle size increased to 30-70 nm. The TEM images in Figure 6 
demonstrate that the n-HAp powders fabricated by sol-gel method used in this study were in the 
sub-micron to nano-size range with all having dimensions of 30-70 nm. 
 

 
 
Figure 6. TEM images of n-HAp. 
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Scanning electron microscopy (SEM) 
 
The SEM images demonstrated that many particles of different sizes were seen with small bright 
spots and fairly well spread across the image. The distribution of n-HAp particles in polymer was 
shown in the Figure 7 depicted that the composite was not agglomerated because of strong 
interfacial interaction between n-HAp and polymer matrix for the polymers filled with 15 wt% of 
n-HAp. 
 

 
 
Figure 7. SEM photographs of  PHSeC polyester thin film and   PHSeC/n-HAp(15%) composite 

thin film 
 
In vitro assay for cytotoxic activity (MTT assay) 
 
When vero cells were incubated onto poly(1,6-hexane diol-ssebacate-citrate)/nanoHAp polymer 
nanocomposite thin film, the cell adhesion of polymer nanocomposite was observed for 24 h after 
cell seeding. Cell adhesion was quantitatively evaluated using MTT assay as shown in the Figure 
8.  
 

 
 Normal vero cells                                        Cell adhesion after 24 h on PHSeC/n-HAp 
 
Figure 8. Photomicrograph of cell adhered to the surface of nanocomposite. 
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The O.D. value reflect directly the number of living cells [32]. The cells are fixed to the surface 
can be seen by photomicrograph taken. The photomicrograph showed that the density of cell lines 
increased on polymer nanocomposite thin film. The optical density (O.D.) values of control and 
nanocomposite obtained are 0.41 and 0.54, respectively. The results indicated that polymer 
nanocomposite showed a higher percentage of cell viability of 75.92%. These results demonstrate 
that polymer possesses significant cell viability. Surface modification with cell-adhesive collagen 
could further increase cell adhesion. It indicates that the polymer nanocomposites show better 
biocompatibility over cell growth. 
 
Fabrication of porous scaffold of PHSeC nanocomposite 
 
Figure 9(A and B) photographs of PHSeC nanocomposite scaffold images (C) SEM image of 
porous scaffold produced by particulate-leaching technique; (D) SEM image of porous scaffold 
with n-HAp size respectively (scale bar: 500 nm); and (E) SEM images of PHSeC–15%n-HAp 
surface within porous scaffold (scale bar: 500 nm) 

In Figure 9 (A and B) the photographs of scaffold appear very elastic in nature which can be 
used in tissue engineering. The size of porosity in scaffold increased with the addition of n-HAp.  
HA nanoparticles are distributed and surrounded by the polymer as shown in the SEM Figure 9 
(C and D) and the size of nanoparticle ranges between 30-70 nm. 

Ali Moradi et al. [33] fabricated scaffold using citric acid and 1,8-octane diol along with micro 
hydroxyapatite. It is well known that poly(1,8-octanediol-co-citrate) (POC) has notable properties 
for scaffold fabrication and in tissue engineering. Rectangular pore shapes are appeared in 
scaffold.  In this study, we have used monomers such as citric acid, sebacic acid and 1,6-hexane 
diol monomers for the synthesis of poly(1,6 hexanediol-sebacate-citrate), PHSeC.  In SEM image 
of porous scaffold Figure 9(D), pentagonal pore shape appeared shows that the polymer 
nanocomposite has high stiffness due to increased mechanical strength in comparison to polymer 
composite as in POC/HA [33]. The size of pores in PHSeC/n-HAp are appeared in nano-size 
which facilitate the suitable material for tissue engineering. 

Scanning electron microscopic investigations in Figure 9(E) revealed lumps-like structure 
with nanometer size in scaffold appeared consisting in polymer nanocomposite skeleton with 
pores throughout the scaffold. 
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Figure 9.  PHSeC nanocomposite scaffold images. 
 

CONCLUSION 
 

A novel polymer nano-composite scaffold material was fabricated in three steps: (i) 
polycondensation method with 1,6-hexanediol, sebacic acid and citric acid as monomers and 
without adding catalyst; (ii) preparing polymer nanocomposite using nano hydroxyapatite 
particles and (iii) further blending with porogen and subsequently removed the porogen by salt-
leaching method. The prepared polymer composites are elastic in nature, which is proved from 
mechanical studies. The pore sizes in the scaffold are in nanometric scale and the nature of the 
polymer matrix and in the scaffold provides effective application in engineering of functional 
bone tissue for reconstructive surgery. Scanning electron microscopy analysis of the nano-
hydroxy apatite, polyester, the nanocomposite and scaffold are carried out and morphologies are 
examined. The SEM image shows the agglomeration of nanosized grains of hydroxyapatite. The 
structure and morphology of nano hydroxy apatite were confirmed by transmission electron 
microscopy analysis of nano-HAp confirmed the spherical structure in the dimension of 30 to 70 
nm. In vitro assay for Cytotoxicity activity (MTT assay) proved the polymer nano composite is 
biocompatible in nature. 
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