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ABSTRACT

Composite materials have showing potential appiicet in biomaterials. Among the composite matsyialAp/
polymer possesses significant advantages of higbhamécal reliability and excellent biocompatibilitfor
applications involving artificial bones and teetfthe aim of this study was to develop nanocomposites of
hydroxyapatite and polyéthyléne glycol (HAp/ PE®Q)) also the study of the adsorption of the bisphé& (PBA)
with composite synthesized. The structure werenegited and characterized by X-ray diffraction (YRBburier
transform infrared spectroscopy (FTIR), and fieldigsion-scanning electron microscopy (FE-SEM). fidsallts
revealed that the size of HAp nanoparticles deaeaih increase in PEG concentration in the comjgossEM
image shows particles with an average diameter ®ft® 60 nm. Furthermore, At elevated temperatutes t
molecules of polyethylene glycol is evaporatedlaads to the formation of platelet HAP.
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INTRODUCTION

Hydroxyapatite (HAp) is the most applied calciunopphate as bone substitutes because of its chesimciddrity
to the natural calcium phosphate mineral presetiofogical hard tissues. Different clinical applimns involve
repair of bone defects, bone augmentation, asasatbatings for metallic implants [1]. The impotteandition of a
material designed for bone substitution a, is thiéitp to create a bond with the host living borf.[Therefore,
researchers have tried to customize its propesigh as bioactivity, mechanical strength and sbtybby
controlling its composition, morphology and paeidize [3, 4]. The morphological and chemical proes of
synthetic hydroxyapatite can be modulated by varthe method and conditions of synthesis. Theresaveral
different methods used to synthesize HAP as regom the literature including chemical precipibati[1],
hydrothermal techniques [5], sol—gel, solid statd anechano- chemical methods [6, 7]. Recently matténtion
have been made to develop nanocrystalline struetitrecontrolled morphology [8-11], several organiodifiers
are used such as ethylene glycol [9], cetyltrimietmymonium bromide (CTAB) [8, 12], polyvinyl alcohfl2],
citric acid [13] and ethylenediamminetetraacetid dEDTA), [14].

The present work describe synthesis of nanostretioydroxyapatite by method using calcium nittatea hydrate
and di-ammonium hydrogen phosphate as startingriaksteusing polyethylene glycol (MW 1000) as maefif The

explanation about the effect of the polyethylengcal for synthesis of hydroxyapatite with contiblsize is
attempted.
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EXPERIMENTAL SECTION

2.1. Materials and methods
Polyethylene glycol (MW 1000), Ca(NR, 4H,0 (99 %), (NH),HPO, (99 %) and ammonia, were purchased from
Aldrich. High purity distilled water was used thghout the whole experiment.

The starting materials used in the synthesis ofdwyhpatite were analytical grade reagents, theiwal nitrate
tetra hydrate and di-ammonium hydrogen phosphafg Was synthesized by following a modified wet clieah
method. At 25 °C, 11.76 g of Ca(N@ 4H,0 was first dissolved in a 100 ml volume of wateisolution of 4.06 g
(NH,),HPQ, was dissolved in 100 ml volume of water and thedeal to the Ca(Ng),, 4H,O solution over a period
of 30 min. The amount of reagents in the soluticas walculated to obtain a Ca/P molar ratio valusakql.67,
corresponding to a stoichiometric HAp. The polyéthg glycol was added along with the mixture. Thegd the
slurry was measured digitally during the precipitatreaction, reaching a final value of pH 10.5(Hi).

2.2. Preparation of standards and sample solution

The standard stock solution was prepared by aclyraeighting 100 mg of BPA into 1L ¢Bvolumetric flask and
dissolved in distilled water. The stock solutionswdhluted with distilled water to obtain solutioBsand $, 10 and
1 mg/L, respectively.

Prior to use thin powders were washed with therdséal water, absolute ethanol and dried in the eveér20 °C for
lhour in order to remove impurities and any possilgisidual analytes (interferences). Extraction desbrption
were carried out as follows: thin powders were emsad in 50 mL of Sin a glass vial under stirring (contact 20
min), after extraction, the thin powders were dittrand dried with a filter paper and put in an otedry at 40 °C
for 40 min. finally, the thin powders were dirgcplaced in centrifuge tube (1.5 ml) to desorb dedve target
analyte BPA with BSTFA 1% TMCS (2Q€.) under sonication and heated at 70 °C for 30 @ifthe final 0.2 mL
final derivative solution, 1uL was directly injected into the Shimadzu GC/MS teys for analysis. In each
experiment, the analyte concentration was the sarde=ach solution were analysed in triplicate.

3.4. Conditions of BPA analysis

GC/MS system: A Shimadzu GCMS-QP2010 (Shimadzu,aapwith GCMS solution 2.5 software.
Chromatographic conditions GC analysis was performed on a Shimadzu QP 24 with a fused silica
capillary column (30 m, 0.25mm i.d. and film thiggs of 0.25 mm with chemically bonded phase DBFBg oven
temperature was held at 60 °C for 1 min and prograchto rise at 10 °C min—-1 to 280 °C and held fonib. A
sample volume of 0.1-1L was injected in splittess mode (high pressurdle Thjector and interface temperature
was kept at 250 °C. Helium was used as the cagasr

Spectrometric conditions Mass spectrometric parameters: the electron itjoadzation energy was 70 eV, the
detector voltage 1.7 kV, the ion source temperatas 200°C and the solvent delay time was 3 min.dd&&ctor
was used in multiple ion monitoring mode (ions eluteristic of BPA in SIM mode were : m/z = 357 &1®)[15].
4.5. Physical-chemical characterization

The prepared samples were studied by Fourier wamsinfrared spectroscopy (FTIR) using a SchimaBZuR
300. The FTIR spectra were obtained over the regidh to 4000 cat in pellet form for 1 mg powder samples
mixed with 200 mg spectroscopic grade (KBr). Thaittire of the samples were analyzed by X-ray alition
(XRD) using a diffractometer system =XPERT-PRO w@th-Ka1l radiation § = 1.5418 A). This peak assigns to
(002) Miller's plane family and shows the crystalogth along the axis of HAp crystalline structurEhe
morphology of the materials was analyzed by figlission-scanning electron microscopy (SEM). GC/M&em:

A Shimadzu GCMS-QP2010 (Shimadzu, Japan) with GGbI8tion 2.5 software.

RESULTS AND DISCUSSION

3.1Chemical structure

3.1.1. XRD analysis

The XRD patterns of hydroxyapatite and hydroxydpatising polyethylene glycol as modifier. The paise
indicate the presence of well crystallized hydrgatite. The X-ray patterns collected on the powdsdter heat
treatment at 900 °C for 2 h present single phadéA®. (Fig. 2.) shows the X-ray patterns of HAP@0 °C. The
X-ray patterns of HAp using PEG 1000 at 900 °Cshrewn in (Fig. 3).

These patterns are in good agreement with the ASiBk (JCPDS) file (no. 09-0432) for hydroxyapatiim
characteristic peaks of impurities, such as caldiyaroxide and calcium phosphates were observednimg that
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phase pure HAP was prepared under the presentiegueal conditions. The diffraction peaks particlylan the
planes (00 2),(211),(112)and (3 00) aghlsind narrow implying that the HAP crystallizedlwe

Fig. 1. Preparation of nanoparticles of HAp / PEG @00

Ca(NO3),.4H,0

© or () CHIHPO

PEG 1000

Ca P nt
reage
POG- OH
reageats Agingat  mp=— Increase in Calcination at P
low temp. . ... temp. N ... elevated temp. J_—Fw‘r,_;ﬂ
£~ i § — LSS
i H )
Solvent {oﬂ.—o "'i:f,-‘:l’
HAp product
Fig. 2. XRD pattern of HAp calcined at 900 °C
—
i
'
T
o
7= zo00-
= =]
=
pa v
A 1500~ ~ ™
= S =
e = 1 I
| "
::--. 1500 | =i
o = r r ™
- — — ] [} M o
[ ] =] F — r ™~
= g i o g} | m | ;; a0
[ ™ ! ™ o5 a
— ot P = il o oy ot L i b M:ED
: 3 = — - o [=] i | | "
— ¥ L ™ I'\II'!- (& | "
o
20 25 30 25 A 45 50 55
2 theta
Fig. 3. XRD pattern of HAP using PEG 1000 calcinedt 900 °C
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Fig.4. FTIR spectra of the (A) pure hydroxyapatiteand (B) hydroxyapatite using polyethylene glycol 1@
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Fig. 5. SEM micrographs of HAP using polyethylenelgcol at 85 °C

3.1.2. FTIR analysis
The FTIR spectra of the washed HAp and HAp usinggibylene glycol 1000 as modifier are shown irg(F.).

The bands at 3572 and 632 timelong to the vibration of hydroxyl (O—H) groupgtbands at 1089, 1045 and 962
cm’ are the characterization of phosphate stretchimgtion and the bands observed at 601, 570 ara due to the
phosphate being in vibration. From the IR analy#is, precipitated powders are proved to be hydnoade in
nature. The presence of polyethylene glycol in bygapatite does not play any role in the structdedbrmation of
hydroxyapatite, meaning that HAp crystallites werepared.

3.1.3. Morphology and particle size

The Fig. 5 shows the SEM micrographs of HAp usiolygthylene glycol as modified. The small particiee seen
agglomerated with an average diameter of 50—-60THm@.figure shows also pores, these pores are loaidbr the

circulation of the physiological fluid throughoutet coatings when it is used as a biomaterial irekorplantation.
The pure HAP sintered at 900 °C for 2 h in stagraanexhibits the morphology of clusters of grastricture as
shown in Fig. 6(a). In Fig. 6 (b), the powder maatibby PEG 1000 obtained after heat treatment at°@for 2 h,

of the morphology of agglomerated grains.
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Fig. 6. (a) SEM micrographs of HAp using polyethydne glycol 1000 at 900 °C and (b) SEM micrographaf pure HAp at 900 °C

Fig. 7. EDAX spectrum of HAp/ PEG 1000
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Fig. 8. Swelling ratio of HAp and HAp/ PEG 1000
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Fig. 9. The stereochemical structure of PEG 1000 drschematic illustration of the possible process difie forming of Hap
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Fig. 10. Chromatogram of BPA desorbed from (A) hydoxyapatite using polyethylene glycol 1000 at 85 °&hd (B) pure hydroxyapatite
at 85 °C
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Fig. 11. Chromatogram of BPA desorbed from (A) hydoxyapatite using polyethylene glycol 1000 sintereat 900 °C and (B) pure
hydroxyapatite calcined at 900 °C
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Fig. 12. Chromatogram of BPA desorbed from commereail florisil
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The elemental analysis (EDAX) of HAp and HAp/ PE@Q can demonstrate similar composition as shovwiign
7. Mineral composition (calcium phosphate: Ca, @ Bjh

3.1.4. Comparative study of swelling of composikg@HPEG 1000 and pure Hap
The Fig. 8 shows the swelling kinetics during ahdir period, and the swelling of the HAp and coniteod Ap/
PEG 1000.

- The HAp pure present inflation rate of 19,41 %.
- The composite of the HAp/ PEG 1000 a swellingpras,23 %.
This is explained by the presence of polymersaharesponsible for the swelling phenomenon.

DISCUSSION

The stereochemistry structure of PEG in the abseheater or in the aqueous solution and the pts$drmation
process of HAp in the presence of PEG 1000 are sliowig. 9.

When PEG 1000 was dissolved in the aqueous sojutielPEG—OH bond was formed [18]. PEG moleculetihas
ability to chelate C&[20], therefore, PEG-OH can attract?Ceeleased from the Ca(NJ, 4H,0 to form the bond

of PEG-O-C&-0- PEG, then PEG-O-€a0-PEG reacted with the FOreleased from (Ng,HPO, to produce
HA crystal nucleus. In this process, the release o& Ca, and PQ* are the important factor. Experiments show
that a large amount of deposits form in a shortetimhen the solution was in the absence of PEG er th
concentration of PEG was quite low, indicating Hpgoduced quickly. With increasing the concentrattdriPEG,
initial deposits were gradually reduced and it iegfilonger time to produce large quantities ofal#{s, indicating
that PEG reduced the release rate df @ad restrained the formation of HAp crystal nusléthen the release rate
of C&* and the deposit rate of HAp crystal nucleus depdsin the precipitation center achieved a dynamica
equilibrium, HAp crystal nucleus deposited isotaglly, and finally the spherical HAp particles wersbtained.
When the concentration of PEG 1000 was low, theass rate of Cawere very fast and a large number of HAp
crystal nucleus were produced, HAp crystal nuckeudd not deposited isotropically in the precipdatcenter, so
the morphology of as-prepared HAp particles wertespberical.

3.3. Chromatogram of BPA desorbed from the powderslAp modified by PEG 1000

The powders modified by PEG 1000 and pure HAp wested and compared with florisil (60-100 megXi).thin
powders extractions were examined using BPA stahdarwater as the testing substance. The obtairzd d
(Fig.10- 11) were compared with those for comméfftaaisil (Fig. 12.).

Various extraction times of TFME-BPA extraction weaken into consideration but the time 15 min @rrgtirring
and sonication) was sufficient for reproducibleutts
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The comparison of extraction determined by exteaictnass of BPA for the tested thin powders andsflshows
the efficiency of extraction for BPA after extramti of standard solution S2 with various thin povedérhe most
efficient extraction was obtained by HAp/PEG (agsion on the thin powder modified by PEG 1000). tB& other
hand low retention rate were obtained by pure HApother interesting result is that higher sorptlemel was
observed in the powder modify by PEG 1000 sinterte@D0 °C (PEG 1000 modified nanometric crystalasia).

CONCLUSION

Nanomaterials are greatly promising in the develepinof more valuable orthopaedic and dental implaim the
present work, a novel HAp/ PEG 1000 nanocomposites prepared by simple chemical route. The compasitf
PEG 1000 shows significant influence on particleesithe size of Hap particles decrease with ineréasPEG
concentration in the composite. Another interestiegult is that the high level of sorption was abed in the
powder modified by PEG 1000 compared to that of Higly. However, the mechanism of interaction betwee
HAp/ PEG 1000 and biologic systems should thoropdpel investigated and applied in vitro, in vivo pesses to
validate its use for medical applications.
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