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ABSTRACT

Calcium and strontium hydroxyapatites (HA) weretlgrized via a microwave accelerated inorganic gsil-
method. The acid-base properties of syntheticalypared phosphates are investigated at ambient ¢eatpre, by
potentiometric titrations. Potentiometric mass, dimnd surface charge titration techniques were usedchieve
this purpose. Isoelectric point (IEP) is evaluatasl the pH of the intersection point of the suspmmsir time
titration curves. For both phosphates the poinzefo charge (PZC) is equivalent to isoelectric pamaicating no
specific adsorption of ions other than the potdrdistermining H/OH  ions at the surface. PZC (IEP) values of 6.4
and 7.2 were found for Ca-HA and Sr-HA, respedfivel

Keywords: Calcium, strontium, phosphate, Synthesis, Inorgasal-gel processes, Microwave method,
Potentiometric titrationPZC, IEP.

INTRODUCTION

Calcium phosphate materials (CaP) such as hydratyagHA) are used extensively for biomedical afidical
applications. The successful uses of HA as biorizdseis due furthermore, to its biocompatibilityptlegradability,
and nontoxicity. These compounds are used also @&mr@er in drug delivery systems. Nevertheless, HA
biomaterials have significant disadvantages sudbritieness, low strength, and dumping releasleaded drug at
early stage of release process, and lack of thityafor stimulating osteogenetic process. Mateviaised as
adsorbents should be characterized by small sizeigs surface area produce high adsorption effigig¢h]. To
improve hydroxyapatite biological performance andphysicochemical properties, various metal elememés
incorporated in hydroxyapatite [2, 3]. Among thedements, strontium is considered as beneficialbbne
regeneration which stimulates formation, decredsase resorption, and increases osteoblast activd8e5].
Moreover, photo-induced luminescence is very powend useful in situ investigations that labelirging organic
and inorganic fluorescent molecules has become tohix for biomedical applications [7]. Numeroasatite-type
compounds are known to exhibit good luminescenapeties [8] and are being widely investigated bith
biological staining and diagnostics as luminesdan¢! material [1, 9]. Due to their luminescentgedies and drug
storage/release behavior, strontium —hydroxytp&8r-HA) biomaterials are being suitable materialthis case
[1]. In addition, Sr-HA has receive a lot of intsterecently as optoelectronic compounds, nucleasteva
immobilization matrix, catalyst, chemical senson exchanger, and fuel cell [10-12].

As discussed previously, several methods are regpdotr the synthesis of HA including furthermorgdiothermal
method, solid state route, precipitation and séltgehniques, but only few studies are dealing \lign preparation
of Sr-HA [13]. Recently, sol-gel route is widelgad to synthesis HA biomaterials, and reporteceta bonvenient
method for incorporation of organic and inorganiengents in bioactive phosphate materials [14-1MisT
procedure provides a molecular-level mixing of tb@ and P precursors which results in specific hanegus
materials with preserving phase integrity of théegesample [18]. Nevertheless organic compoundsraquently
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used as calcium or phosphorus precursors whicln,ofte diluted in organic solvents. So, calcinaiof dried gel
powder are then required to eliminate organic sutusts [15]. Further limitations are associated tid#se synthesis
processes, due to slow reaction between Ca ance®ungors in the sol phase that most of the solhggthods
require, a long time for hydrolysis reactions atritspH control [18, 19].

Moreover, microwave synthesis is well establishedagpromising method for rapid heating, resultinghigher
reaction rate, and dramatically reduced reactiometicompared to conventional heating methods. Tthis,
heating technology becomes a fast-growing areasdarch in synthetic chemistry involving the systhef CaP
biomaterials [7, 20]. This process is found to becgssful in a rapid synthesizing of pure and sitstl calcium
hydroxyapatite, via accelerated precipitation pssdel, 22].

The phenomena occurring at the interface betweeibus synthetic bioactive materials and the surdingp

biological environments remain not totally conteoll[23, 24], but it is assumed that the surfacenistey plays a
crucial role in the interaction process involvedhis case [21, 25, 26]. It is assumed that thiéase of adsorbent
materials is best described by the PZC and IEPtreldemical parameters [27]. For calcium phosplGa®

compounds, the surface charge is studied by potestric titration and measuring the zeta potenfialalue of

zero charge (iso-elctric) point of 5.6 to 8.7 isngelly found for synthetic hydroxyaptite [28, 23)hile for

strontium substituted phosphates, no PZC or |IERieglare reported in the literature, but comparedCae

hydroxapatite and according to suspension condifichese materials exhibit higher negative or pa@sit
electrokinetic potentials [21, 30]. The higher zeiatential value shows the high associated surtdmege of
strontium substituted HA.

For these reasons, the present study aims to gewiople and rapid method for the preparation ofrgtum

substituted hydroxyapatite. For these reasons, /Srriiterials are synthesized via a microwave acatddr
inorganic sol gel process, which requires no alfexprecursors, or strict control of pH, Ca(ll) asd(ll)

concentrations. The characterization of surfacenistey of obtained phosphates is carried out bgtedehemical
method. Thus, potentiometric mass titration, apdtentiometric time titration are employed to ewdduthe point of
zero charge, and iso-electic point of various sgsitted strontium phosphates.

MATERIALSAND METHODS

2.1. Solution preparation

All chemicals were analytical grade and used withfurther purification. Calcium phosphate and stitm-

substituted hydroxyapatite (Sr-HAP) are synthesizg@ microwave accelerated sol gel method, ushwasjphoric
acid (0.3M), and 0.5M solutions of calcium hydroxidr strontium dichloride, as starting materialsluBons with
Ca/P and Sr/P ratio of 1.67are prepared by addigl 81;PO, to 0.5M solutions of Ca(OHpr SrCh, respectively.
The prepared Ca(ll) and Sr(ll) solutions are migtdCa + Sr)/P molar ratio of 1.67 to obtain alitprecursor
solution with strontium percentages Sr/(Ca +Sryiay between 0 and 100%. A starting hydroxyl iom@entration
of the mixture is kept constant with adding NaOHbt&ined mixture is stirred at room temperature #mel
phosphate solution is added drop wise to it and theated at 150°C for 1h. The obtained milky migtig then
transferred to a domestic type microwave oven (§0iwd irradiated for 5 to 15 min. The gel formediliered off

and dried overnight in air oven at 80°C.

The powder from dried xerogel is washed repeattmligemove free ions. The X-Ray powder diffractiatRD)
analysis is performed on powder samples, in réflacnode with CuKl radiation. The IR spectra are performed
using KBr pellets on IR spectrometer (Perkins mpdel

RESULTSAND DISCUSSIONS

3.1. Characterization of the strontium substituéattium phosphates
The strontium substituted phosphates are charaetetly Fourier Transform Infra-Red spectroscopy-(R)r and
X-ray diffractometry (XRD).

Fig.1 shows the FT-IR spectra of various strontaubhstituted phosphates. From these results, alASsamples
exhibit typical PQ bands of a hydroxyapatite phase. These bandstglaftower wave number of FT-IR bands with
increasing strontium amount, as found previously,j1]. The bands of phosphate groups occuy7at 563, 601,
987 cm', and within a range 1000-1120 ¢mWeak bands associated with carbonate are obsan&3 crit and
within the range of 1412 to 1465 tinThe peak at 873 cthwhich may also be associated with HRfPoups, is
absent in strontium phosphate [32]. Generally,inbensity of this band decrease as Ca/P ratio &sere [33-35]. In
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addition, the bands at 3572 and 630 tassigned to the structural hydroxyl anions in icaichydroxyapatite, are
observed at 3590 ¢hand 537 cm in strontium substituted hydroxyapatite.

Fig. 2 shows the XRD patterns of obtained phosphaith the different Sr/Ca molar ratios. All phoapds exhibit
single HA phase with the mean at 2-thet@) (@f 25.8, 31.8, 32.3 and 32.9° (JCPDS 860740)il&imesults are
obtained previously for strontium substituted ph@gps[36]. One can note however that diffraction peaks
corresponding to 40% substituted HA shift to higl2etheta angles ,suggesting modifications of thetice
parameters of HA , as discussed before, [36,I8#.also shown that the crystallite size of #padecreases with
increasing Sr substitution from 0 to 50 mol%, ahentincreases as Sr continue to rise above 50 moéHulting
then in more disordered apatite structure [37].

3.2. Potentiometric titration

The aim of the potentiometric titration is to debame the balance of adsorbed and desorbed prototisecsurface
of the phosphate materials as a function of pH,rdigdion time and mass sorbent materials. The cirfa
protonation/deprotonation reactions involved in #wd-base behavior of hydroxapatites are well iilesd as
reactions of an amphoteric acid-base surface gracpsrding to:

>SOH+H™ . >S(OH,)" )

>SOH. >SO +HT ¥
with > SOH=>PO,H andlor>CaOH > SIOH [39]

The on lined species belong to solid phase.

Potentiometric mass and time titrations designatespectively as PMT and PTT, developed previously f
determining point of zero charge (PZC) and isoelegbint (IEP) of some sorbent materials [38, 88 performed
to evaluate PZC, and IEP for Ca-HA and Sr-HA matsri The PZC is identified as the common intefsegboint
(CIP) of the potentiometric curve of the blank sian with the corresponding curves obtained fofedént t, and
suspensions, respectively. Whereas the IEP idifiehas the CIP of suspension plots or hydratatime curves.

To achieve this purpose, PMT and PTT techniquepar®rmed on KOH (0.05 M) suspensions obtained @a-
HA or Sr-HA sorbent amounts of m= 0.5, 1.0 andd/l5 in the range : 12 K t, < 72 H. Standard 0.1M HNO
solution is used as titrant.

3.3. Potentiometric time titration

Fig. 3 and 4 show titration results of blank andpmnsion of m= 1.0 g at t= 12, 24, 48, and 72 habtined
respectively for calcium and strontium hydroxyafesti As found previously, equivalent volume (Ve) égid-base
titration of the suspensions is equilibrium timgeedent, especially for Sr-HA sorbent [39]. Thigpbmenon is
due to OH consumption via deprotonation of predominant @cturface sites as >CagH>SrOH" and >POH
[39]. In this method the titration curves are degmrt on hydration time of phosphate material atp#ll values
except that corresponding to the IEP. There israngon intersection point for the potentiometricdiiion curves
obtained at different contact times and the ClRitidtion curve of a blank solution and that re@ador a given
duration. The pH of this common intersection paotresponding to both PZC and IEP value is rangifigm 6.8
to 7.3, in all the cases.

3.4. Potentiometric mass titration

The PMT method is carried out at a constant coritaet. The suspensions of m =0.5, 1.0, and 1.5gaqudibrated
for 72 hours. As found above, the titration curedsa blank solution and suspension presented in %ignd 6
intersect at the PZC and EP value. The point o zbarge and isoelectric point are found to be abauand 6.8,
for calcium and strontium phosphate respectively.

Titration curves, Q = f(pH)
To achieve precise determination of PZC and IERpmplementary method is used. This is obtained ftben
variations of surface charge (Q) with pH, according

Q= FCA (Coulomb/g)
m

Where F is the faraday constant, C is the concémtraf acid and base used in titratiatV is the difference in
volume of acid used to reach the same pH in digperand blank solution, and m (g/L) is the suspamsi
concentration of the solid particles.
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Figure 1: Typical XRD pattern of microwave synthesized for different percentage of Cal0-X SrX HA at 800 W microwave power s
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Figure 2: Typical FIR pattern of microwave synthesized for different percentage of Cal0-X SrX HA at 800 W microwave powers
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Figure 3: Titration of KOH (0.05 N) phosphate suspensions, obtained for various contact times, at different Ca-HA sor bent amounts of

m=0,5; 1,0and 1,5g/L, at t = 12, 24, 48, and 72 hours
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Figure 4: Titration of KOH (0.05 N) phosphate suspensions, obtained for various contact times, at different Sr-HA sorbent amounts of

m=0,5; 1,0and 1,5g/L, at t = 12, 24, 48, and 72 hours
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Figure5:Variation of surface charge (Q) with pH obtained for various contact times, at different Ca-HA sor bent amounts of m=0,5; 1,0

and 1,5g/L
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Figure 6:Variation of surface charge (Q) with pH obtained for various contact times, at different Sr-HA sorbent amounts of m=0,5; 1,0
and 1,5g/L

The titration curves Q = f(pH) obtained at m = Al9), and 1.5 g/L for different equilibrium timesSig. 5 and 6,
intersect at Q = 0 (PZC) and IEP corresponding gl 6.4, and 7.2 for Ca-HA and Sr-HA, respectively.
Comparable PZC values of 6.35 and 6.5 are obtgimedously for Ca-HA, while a value of 6.4 is olmtad for
octacalcium phosphate [39-41]. One can note a sraahtion at low negative surface charge valugsSrishowing
for Ca-HA Q oscillation around zero for pH rangiingm 6.4 to 8. This may explain the consistencya@fC values
of calcium hydroxyapatite observed in this pH ranidewever, PZC and IEP values of Sr-HAP are mailable
for comparison with our results.
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CONCLUSION

A low crystallized calcium and strontium hydroxyé&ifsa powders are synthesized using microwave acele
inorganic sol-gel method. The zero charge (PZC) moelectric (IEP) points of synthesized phosphaes
determined by potentiometric titrations. PMT, PHBRd Q titration methods are performed in this césis. found
that Ca-HA and Sr-HA PZC is equivalent to IEP, lintlhe examined cases. Point of zero charge/istéegoint
values are of 6.4, and 7.2 for Ca-HA and Sr-HA mal® respectively.
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