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Mineral phase is composed mainly of microscopic crystals of calcium 
phosphates, in which the hydroxyapatite (HA), whose chemical formula is 
Ca10(PO4)6(OH)2, is the most important. 

Other mineral phases are dicalcium phosphate (Ca2P2O7), dibasic calcium 
phosphate (DCP, CaHPO4), tricalcium phosphate (TCP, Ca3(PO4)2) and some 
amorphous phases of calcium phosphate. 

Biological apatites

(Ca,Na,Z)10(PO4,CO3,Y)6(OH,X)2

Z = Sr2+,Ba2+,Pb2+, K+

Y= HPO4
2-

X= F-, Cl-



���� Of all the calcium phosphate ceramics used as bone-replacement materials, 
HA most closely resembles the main inorganic phase of bone and teeth in 
humans. 

���� HA: very insoluble compound and, under physiological conditions of 
temperature and pH, is the most insoluble calcium phosphate

Hydroxyapatite (HA) , Ca10(PO4)6(OH)2

hexagonal system, although with some exception in a monoclinic system 

P63/m

a=b=9.418 Å , 
c=6.884 Å

•The structure can easly accomodate a great variety of substitutions, both 
cationic and anionic 

•The incorporation of foreign ions affect the crystallinity, morphology, lattice 
parameters and as a consequence the stability of the structure





•Confocal micro-Raman spectroscopy

•Fourier transform infrared (FT-IR) adsorption spectroscopy; attenuated 
total reflectance (ATR) spectroscopy

•Scanning electron microscopy–energy dispersive spectroscopy (SEM–EDS)

•Specific surface area (SSA) measurements

•Thermal analysis (DSC/DTA)

•Transmission electron microscopy (TEM)

•X-ray photoelectron spectroscopy (XPS)

•X-ray powder diffraction (XRPD)



Strontium : improved solubility, antiresorptive activity, osteoclast apoptosis 
and osteoblast stimulation. 

It shows that a great number of papers on the synthesis (with different 
methods) and physico-chemical characterization of Sr-HA have been 
reported, but with often discordant data



XRD patterns 

1) Ca6Sr4(PO4)6(OH)2 2) Ca8Sr2(PO4)6(OH)2 3) Ca10(PO4)6(OH)2

Ca(10−x)Srx(PO4)6(OH)2

Sr-HA was formed for x=2 

Sr-HA with a small amount of β-TCP for x=4

Sr-HA obtained by a solid state method



Crystallite size
Debye–Scherrer

w = full width at half maximum value (FWHM) 
λ = 1.5405 Å
θ = diffraction angle at the (002) hkl reflection

Crystallinity degree, fraction of crystalline phase, Xc

I300 = intensity of (300) hkl reflection 
V112/300 = intensity of the hollow between (112) hkl and (300) hkl 
reflections.

Rietveld  Refinement



Effect of Strontium on HA structure

•Increase of lattice parameters

Sr2+ 118 pm
Ca2+ 100 pm

•Decrease in the crystallinity degree, consistent with the overall peak 
intensity decrease reported and also with Raman results

•Decrease in the specific surface area



Effect of Strontium on the 
morphology 

After bioactivity test

large aggregates (hundreds of µm 
in size) of particles



Magnesium : fundamental element and prevents possible risk factors for 
osteoporosis in humans 

Strontium : improved solubility, antiresorptive activity, osteoclast apoptosis 
and osteoblast stimulation

Several articles have already been published on the chemico-physical 
properties of apatites and substituted apatites, only a few works were 
devoted to careful investigation of Mg-HA and no paper reports the study 
of co-substitution of Sr and Mg in HA.



The substituted samples are synthesized by an aqueous precipitation method



Rietveld Refinement
Effect of Magnesium on HA structure

•Reduction of peak intensity and crystallinity

•At increasing amounts (0.5, 1 mol), HA and β-TCP

•HA/β-TCP ratio: from ~3 (75/25 %) to ~1 (50/50 %)

•contraction of lattice parameters especially evident in the β-TCP            Mg2+ (72 pm)



Rietveld 
Refinement

Effect of Magnesium and Strontium on HA structure

Ca9Mg0.1Sr0.9(PO4)6(OH)2 Ca9Mg0.5Sr0.5(PO4)6(OH)2

•HA , β-TCP
•decreases the crystallinity degree of the HA phase 
•increases   HA/β-TCP ratio

•Ca9Mg0.1Sr0.9(PO4)6(OH)2
-Lattice parameters: increase for the HA (effect of strontium), decrease for the β-TCP (effect of 
magnesium)



the morphology is quite irregular in 
term of dimensions (5–40 lm) and 
shape (generally, rectangular
and very sharp)



non homogeneous distribution of 
the elements that is consistent 
with the presence of two phases



The combined use of XRPD, FTIR and Raman spectroscopies provides
complementary data and indicates clearly phase formation and transformation as 
well as related structural changes resulting from the ions substituted in the HA 
structure

Magnesium and strontium, interact with both HA and β-TCP in terms of variation 
of lattice parameters and the degree of crystallinity of HA

A careful evaluation of the different molar ratios of the ions allows to 
obtain biphasic materials (BCPs) with selected ratios of HA and ββββ-TCP, with 
also a controlled crystallinity degrees of HA

BCPs are favoured for clinical applications because their resorption rate can 
be tuned to match the bone healing rate allowing to obtain a suitable balance 
between implant degradation and bone regeneration 







Rietveld Method

•Based on Whole Powder Profile Fitting (WPPF): 
all categories of observables (dhkl , Ihkl ,  background…..) 
are considered together to build a model which is used to generate 
a full powder diffraction pattern

•Calculated pattern is compared to the observed pattern and modified by least squares in 
order to minimize the differences between observed and calculated

•Function minimized by least square is 

•Least squares refinements are carried our until the best fit is obtained between the 
entire observed powder diffraction pattern taken as a whole and the entire calculated 
pattern 

wi = 1/yi    
yi =observed intensity 
yci= calculated intensity





Rietveld refinement fits the whole pattern and refines

• atomic positions
• lattice parameters
• profile parameters 
• background parameters
•instrumental parameters

Reasons to perform a  Rietveld refinement

•solving an unknown crystal structure

•quantitative determination of the percentages of different phases  and 
quantification of amorphous content (QPA)
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