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The paper describes a rapid and a simple method for  

preparing photoluminescent compounds of different 
concentration of europium (0-10%) by doping 
hydroxyapatite, synthetized by coprecipitatin metho d. The 
obtained nanomaterial were further characterized by  Fourier 
transfrom infrared spectroscopy, X-ray diffraction analysis, 
UV-Visible spectroscopy, room-temperature 
photoluminescence spectroscopy, and  scanning elect ron 
microscopy. The influence of dopant ion concentrati on on 
the structure of hydroxyapatite structure and morph ology 
was followed Hence, the present study proves the in tegration 
of europium ions in hydroxyapatite lattice and an e nhanced 
of the luminescent properties of obtained doped 
hydroxyapatite materials, even at lower concentrati ons, 
being able to extend their applications to bioimagi ng or drug 
delivery. 
 

  
Lucrarea descrie o metod ă rapid ă și simpl ă de 

preparare a compu șilor fotoluminescen ți cu concentra ție 
diferit ă de europiu (0-10%) prin doparea hidroxiapatitei, 
sintetizat ă prin metoda coprecipit ării. Nanomaterialul ob ținut 
a fost caracterizat în continuare prin spectroscopi e 
infraro șie transfrom Fourier, difrac ției cu raze X, 
spectroscopie UV-vizibil ă, spectroscopie cu 
fotoluminescen ță la temperatura camerei și microscopie 
electronic ă de scanare. S-a urm ărit influen ța concentra ției 
ionilor dopan ți asupra structurii și morfologiei 
hidroxiapatitei. Prin urmare, studiul de fa ță demonstreaz ă 
integrarea ionilor de europiu în re țeaua hidroxiapatitei și 
îmbun ătățirea propriet ăților fotoluminescente a pulberilor 
ob ținute, chiar și la concentra ții mai mici, astfel fiind 
pretabile pentru aplicatii in bioimagistica sau la livrarea de 
medicamente. 
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1. Introduction 

 
The progress in nanomaterials science has 

engendered a wide range of new synthesized 
compounds using soft and green methodologies, 
with a great potential for numerous applications. 
Hydroxyapatite with molecular formula 
Ca10(PO4)6(OH)2 (HAp) is a calcium apatite mineral 
form being the most significant inorganic component 
of teeth and bones from human body [1, 3]. 
Numerous studies have shown the synthesis route 
for HAp in terms of their morphologies (nanorods, 
plate-like nanocrystals, nanotubes) and 
functionalities by incorporating different ions. 
Literature studies were demonstrated the influence 
of the preparation route on the chemical composition 
and properties of HAp [4-9]. The hydroxyapatite 
nanomaterials are currently utilized in numerous 
applications from bioimaging, biosensing and 
biomedical field, such as bone repair and 
regeneration by reason of their analogous chemical 
compositions of minerals from bones, and, also to its 
low harmfulness and its biodegradability [10-13].  

Recently, the hydroxyapatite nanoparticles 
doped with various ions have gained attention and 
become an important scientific domain because of  

 their improved properties and functions [14-17]. HAp 
can act as a host matrix due its flexible structure. 
The ionic substitution of Ca2+, PO4- and OH- ions 
from HAp lattice can be made using numerous 
monovalent (K+ , Ag+, Na+) [18-20] divalent (Zn2+, 
Sr2+, Mg2+, Cd2+, Cu2+) [21-24], trivalent (Fe3+, Al3+, 
rare earths ions) [25-26] and tetravalent (Ti4+) [27] 
cations. 

Only several works have reported 
photoluminescence properties of hydroxyapatite 
and substituted hydroxyapatite [28-31]. The 
advantage of substituted hydroxyapatite is superior 
to undoped one due to the improving 
photoluminescence properties. 

HAp nanoparticles obtained by doping with 
lanthanide ions will give new properties (for 
example, luminescence, fluorescent or magnetic 
ones) and different functions compared with 
unsubstituted HAp nanomaterials [32]. These new 
improved materials have been widely studied 
showing a great potential extended broadly for 
applications in environmental protection, 
bioimaging, biosensors, drug delivery, cancer terapy 
and catalysis [33-38]. The added new properties of 
lanthanide-doped nanomaterials is to absorb 
multiple consecutive photons with long lifetime and  
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stepwise energy levels of trivalent lanthanide ions 
engrained on this substrate lattice, in order to 
generate higher energy anti-Stokes luminescence 
[39].  

Among rare earth ions, the most suitable 
dopant ion for hydroxyapatite is most likely 
europium (Eu3+) ion, because of its similar ionic 
radius with Ca2+. Moreover, europium ion exhibits 
bright green and red-light emission when irradiated 
with UV light, making it suitable for application in 
bioimaging and drug delivery systems [40-41]. 

Herein, it was reported the fruitful synthesis 
of doped hydroxyapatite nanoparticles with various 
concentrations of Eu3+ prepared by coprecipitation 
method.  The structural, optical and morphological 
properties of the novel synthesized materials were 
investigated. 

 
2. Experimental 
 
2.1. Materials 

All chemicals were of analytical grade, and 
they were used without further purification. Calcium 
nitrate tetrahyrate Ca(NO3)2·4H2O, 99.9%, 
europium-(III) nitrate hexahydrate (Eu(NO3)3·6H2O, 
99.9%, Alfa Aesar), ammonium phosphate dibasic 
[(NH4)2HPO4, 99.0%, Alfa Aesar), and amonium 
hydroxide (NH4OH, 25% solution) were purchased 
from from Sigma Aldrich, USA. The chemicals were 
dissolved in deionized water. 
 
2.2. Synthesis procedure 

The coprecipitation method was employed to 
synthesized the europium-doped hydroxyapatite, 
with chemical formula (Ca10-xEux(PO4)6(OH)2), 
nanomaterials. The Ca10-xEux(PO4)6(OH)2 powders 
were obtained using the subsequent synthesis 
procedure. Initially, to the solution obtained by 
dissolving an amount of Ca(NO3)2·4H2O with 
different amounts of europium-(III) nitrate 
hexahydrate in deionized water, while stirring at 
room temperature, was added dropwise a solution 
(II) of ammonium phosphate dibasic obtained by 
dissolving it in deionized water. The solutions were 
held for 2h under continuous stirring. The pH of the 
solution was adjusted to  10.5 by using NH4OH 
(25%) solution. At the same time, undoped HAp was 
synthesized using the same method, without the 
europium precursor chemicals addition. The 
obtained powder were kept in the solution for 
maturation, for 24h. Subsequently, the precipitates 
were filtered off, and washed several times with 
deionized water until the pH solutions become 7.0 
and. The final precipitates were dried at 80oC for 
12h, in air oven. In all synthesized powders, the ratio 
Ca/P and (Ca+Eu)/P was maintained at 1.67. 

 
2.3. Characterization 

The obtained nanomaterials were 
characterized regarding their structural, 
morphological and optical properties by using  

 Fourier infrared spectroscopy (FTIR), X-ray 
diffraction analysis (XRD), scanning electron 
microscopy (SEM) and UV-Vis and 
photoluminescence (PL) spectra.  

A Fourier infrared FTIR Nicolet iS50R 
spectrometer, at ambient temperature, in the range 
4000–400 cm−1 was used. XRD were carried out at 
room temperature using a PANalytical Empyrean 
diffractometer with Cu X-ray tube providing a Kα 
wavelength of 1.541874 Ǻ. The lattice parameters 
of the sample were refined by the Rietveld method. 
The size and shape of the particles were evaluated 
by scanning electron microscopy (SEM) 
measurements using a Quanta Inspect F50 FEG 
with 1.2 nm resolution microscope. UV-Vis spectra 
were recorded on a Able Jasco V-560 
spectrophotometer (200 and 850 nm). 
Photoluminescence (PL) measurements were 
performed on a Perkin Elmer LS 55 fluorescence 
spectrophotometer using a 320 nm excitation 
wavelength.  

 
3. Results and Discussions 
 
3.1. FTIR analysis 

FTIR spectra of the Ca10-xEux(PO4)6(OH)2 
samples (Figure 1) exhibit related profiles and the 
common absorption bands characteristic for HAp 
reported in literature [42], proving the presence of 
pure HAp. The FTIR spectrum of undoped HAp 
shows a large band which cover 3000 - 3400 cm-1 
region attributed to adsorbed water. The three 
bands located around 1090, 1023 and 960 cm-1 are 
specific to the stretching mode of P-O [43]. The 
adsorption bands around 602 cm-1, 562 cm-1 and 
474 cm-1 are assigned to the bending mode of O-P-
O [44]. The presence of a band around 873 cm-1 is 
due to the [HPO4]2- ions [45-46]. 

For all materials, the presence of all above 
mentioned adsorption bands indicate the 
occurrence of pure HAp in obtained powders. In all 
FTIR spectra of Ca10-xEux(PO4)6(OH)4 samples, the 
weak absorption bands which appear around 873 
and 1426 cm-1 are assigned to CO32- probably due 
to the replacement of the PO43-groups, suggesting 
a reaction between HAp and carbon dioxide from 
the air [47]. The intensity of phosphate bands 
decreases with increase of europium 
concentrations until x=0.25, and then the intensity 
of bands of O-P-O increases. A reason is that the 
substitution of calcium ions with europium ones 
induces a modification of bonding forces amongst 
the ions resulting a weakness of the bands of O-P-
O. The increasing in concentration of doping 
europium ions followed in a reduction of the 
intensity of this bands, accompanied by a decrease 
of HAp crystallinity. 

 
3.2. X-ray diffraction analysis 
 The XRD diffractograms of investigated 
doped hydroxyapatite, with different europium ion  
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Fig. 1 - FTIR spectra of Ca10-xEux(PO4)6(OH)2 samples / Spectre FTIR pentru pulberile de Ca10-xEux(PO4)6(OH)2. 

 

 
Fig. 2 -  XRD analysis of Ca10-xEux(PO4)6(OH)2 nanoparticles / Difracție de raze X pentru pulberile de Ca10-xEux(PO4)6(OH)2. 
 

concentrations, and the undoped HAp show the 
formation of a pure hexagonal HAp phase (ICDD 
PDF4+ card no 00-068-0738, Figure 2) [48], 
according with literature data [49-51]. The X-ray 
patterns of the analyzed powders show only the 
pure hexagonal phase of HAp of with the space 
group P63/m, and all diffraction peaks of HAp 
standard  type phase (JCPDS database PDF4+ 
card no 00-068-0738) such as: (002), (121), (112), 
(030), (022), (130), (222), (123) and (004). 

XRD analysis of Ca10-xEux(PO4)6(OH)2 
nanoparticles (Figure 2) proves the presence of the 
major peaks related with 2θ diffraction peaks typical  

 for a hexagonal lattice structure of HAp. A small 
shift of the characteristic peaks to higher diffraction 
angle side can be observed with increasing in 
concentration of europium ions, ascribed to the 
substitution of larger size calcium ions (0.099 nm) 
with smaller size europium ions (0.947Å) [39]. 

The lattice parameters and the crystallites 
sizes values of studied samples are gathered in 
Table 1, and an illustrative variation of those 
parameters is presented in Figure 3. In all studied 
samples, the intensities of XRD peaks decrease 
with the increase of europium ion doping  
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Table 1 
Lattice parameters ( crystallite size, D values, lattice microstrains, S and degree of crystallinity χc ) of synthesized HAp and doped 

hydroxyapatite using different concentration of europium ions / Parametri de rețea ( dimensiunea de cristalit, tensiunile interne și gradul 
de cristalinitate) pentru HAp pură și HAP dopată cu concentrații diferite de ioni de europiu 

Samples  D/ nm S /% χc / % 
HAp 6.07±0.82 1.52±0.53 31.50 
Ca10-xEux(PO4)6(OH)2 
Ca9.95Eu0.05(PO4)6(OH)2 5.98±0.73 1.54±0.58 30.19 
Ca9.9Eu0.1(PO4)6(OH)2 5.55±0.65 1.67±0.62 29.47 
Ca9.75Eu0.25(PO4)6(OH)2 5.58±0.27 1.66±0.63 26.84 
Ca9.5Eu0.5(PO4)6(OH)2 5.59±0.67 1.66±0.64 24.94 
Ca9Eu(PO4)6(OH)2 4.87±0.34 1.93±0.89 21.70 

 

 

 
Fig. 3 - The variation of lattice parametres and crystallinity degree with substitution degree for Ca10-xEux(PO4)6(OH)2, / Variația parametrilor 

de celulă și gradul de cristalinitate cu gradul de substituție pentru pulberile de Ca10-xEux(PO4)6(OH)2. 

 

concentration level, signaling an interference of 
europium ions with HAp crystal structure. 

The calculated average crystallite size of 
the synthesized hydroxyapatite is of 6.07 nm. In the 
case of doped nanomaterials was observed a 
crystallite size decreased with an increase of 
concentration of dopant ion. Table 2 shows a slowly 
decrease of the lattice parameters of the europium-
doped HAp powders with increasing content of 
europium. The HAp doping with europium ions 
induces a decrease of crystallite size from 5.98 to 
5.55 nm and an increase of microstain from 1.54% 
to 1.67%. Then, for a substitution degree of more 
than 1%, it was observed a small increase of 
crystallite size up to 5.59 nm, and subsequently a 
decrease until 4.87 nm at 10% Eu3+ substitution.  

The lattice microstrain increase to 1.96% in 

 the case of maximum substitution degree. The 
obtained lattice parameters a=b and c of 
synthesized HAp show the following values: 
a=b=9.4227 Å and c= 6.8837 Å, which agree with 
literature [52, 53]. The small changes in the values 
of the lattice parameters are assigned  to the ionic 
radius of europium ions (0.947Å). 

In Table 2 and Figure 4 are shown the unit 
cell parameters a, c, V and the agreement indices 
obtained by using the Rietveld analysis (Rexp, Rp, 
Rwp and χ2) indicating the quality of fit, for 
hydroxyapatite HAp and europium-doped HAp with 
different concentrations. 

The evaluation of crystallinity degree 
indicates a decrease of crystallinity with increasing 
ion dopant contents, for all investigated samples. 

Table 2 
The values of unit cell parameters a, c, V and agreement indices for hydroxyapatite HAp and europium-doped HAp 

Valorile parametrilor celulei elementare a, c, V pentru HAp pură și HAP dopată cu concentrații diferite de ioni de europiu 
 

Powders  a [Å]  c [Å]  V [Å 3] Rexp Rp Rwp χ2 

HAp 9.4227±0.0033 6.8837±0.0025 529.3087 3.1050 4.5059 5.7040 3.3747 
Ca10-xEux(PO4)6(OH)2 
Ca9.95Eu0.05(PO4)6(OH)2 9.4195±0.0036 6.8822±0.0027 528.8417 3.4122 4.5058 5.5556 2.6509 
Ca9.9Eu0.1(PO4)6(OH)2 9.4253±0.0037 6.8824±0.0029 529.5079 3.3593 4.0399 5.0805 2.2874 
Ca9.75Eu0.25(PO4)6(OH)2 9.4219±0.00421 6.8821±0.0032 529.1026 3.3522 3.8420 4.7509 2.0086 
Ca9.5Eu0.5(PO4)6(OH)2 9.4204±0.0051 6.8787±0.0039 528.6695 3.1891 3.9595 4.9234 2.3833 
Ca9Eu(PO4)6(OH)2 9.4222±0.0067 6.8727±0.0051 528.4146 3.0222 3.3620 4.0938 1.8348 
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Fig. 4 - Variation of the values of Unit cell parameters with substitution degree for Ca10-xEux(PO4)6(OH)2,  / Variația valorilor parametrilor 
celulei elementare cu gradul de substituție pentru pulberile de Ca10-xEux(PO4)6(OH)2. 

 

 

3.3. SEM Analysis 
 The morphologies of pure HAp and 

europium doped HAp with five different 
concentrations were represented in Figures 5 and 6. 
The scanning electron micrograph of undoped HAp  
from Figure 5 reveals dense particles with specific 
morphology of HAp and size between 5-9 nm.  

By doping with Eu3+ ions, a little influence 
can be observed in the morphology of substituted  

 HAp when it was compared with pure HAp. SEM 
images of Europium doped hydroxyapatite (Figure 
6) shows the presence of agglomerates which are 
present in high density when the concentration of 
europium ions increases. The shape of particles is 
quasi-spherical, and the size of particles are found 
to be in the range of 4-13 nm.  From SEM images 
it was observed that with increase in the europium 
ions concentration into HAp pattern, the size of 
particles decreases. 

 
 

 
 

Fig. 5 - The SEM image of undoped HAp / Imagini SEM pentru HAp nedopată. 
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a b c 

 

 

 

 

 

Fig. 6 - The SEM images of Ca10-

xEux(PO4)6(OH)2 samples / Imagini SEM 
pentru pulberile de Ca10-xEux(PO4)6(OH)2, 
(a) x=0.05; (b) x=0.1; (c) x=0.25; (d) x=0.5; 
(e) x=1   

 
d  e 

 

 

 

 
Fig 7- (a) UV-Vis absorption spectra of Ca10-xEux(PO4)6(OH)2; (b) PL spectra of Ca10-xEux(PO4)6(OH)2  (inset - detailed Ca10-xEux(PO4)6(OH)2) 

at different concentrations / (a) Spectre de absorbție UV-Vis (b) Spectre PL pentru pulberile de Ca10-xEux(PO4)6(OH)2, 

3.5. UV-Vis and PL Spectra 
 
 The absorption spectra of studied powders 

are presented in Figure 7. A typical tendency was 
observed for the synthesized compounds The 
absorption peaks intensity show an increase and 
also a broadening with europium concentrations 
increase. 

The UV-Vis spectra of Ca10-xEux(PO4)6(OH)2 
samples from Figure 7a showed several absorption 
bands whose intensities increases with increasing 
europium content: (i) the band at 395 nm 
corresponds to the 7F0 → 5L6 transition [54], (ii) the 
band at 465 nm corresponds to the 7F0 → 5D2 
transition, and (iii) the another two weak bands at 
526 nm assigned to (7F0 → 5D1) and 535 nm    
 

 (7F1 → 5D1) transitions [55]. The intensities of all 
absorption bands increase with increasing of 
europium content. 

The PL emission spectra of Ca10-

xEux(PO4)6(OH)4 samples are presented in Figure 
7b. It was observed that the intensity of 
luminescence of HAp is enhanced by small 
quantities of europium with a maximum at x = 0.1 
europium content, and then the intensity decreases 
with increasing of europium content, the sample 
with x = 1, Eu3+ ion presenting a similar 
fluorescence intensity in domain 350-550 nm as 
pristine HAp. As a conclusion, the luminescence of 
HAp samples is enhanced only at small 
concentration of europium content. Three bands 
are observed in the emission spectra of europium 
doped HAp: at 389 nm due to the 7F0 → 5L6  
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transition, at 512 nm due to the 7F0 → 5D1 transition 
and at 526 nm due to the 7F1 → 5D1 transition.  The 
red fluorescence is indicated by the three emission 
peaks at 589 nm due to 5D0 → 7F1 transition; 613 nm 
due to 5D0 → 7F2 transition and 654 nm due to 5D0 
→ 7F3 transition [56]. The intensities of these three 
bands are increasing with increasing the europium 
content in HAp (inset from Figure 7b). 
 
4. Conclusions 
 

In the present research, it has successfully 
synthesized europium doped hydroxyapatite by 
coprecipitation method, with chemical formula Ca10-

xEux(PO4)6(OH)4, where  x = 0.05, 0.1, 0.25, 0.5 and 1. 
The structural characterization by FTIR analysis 
shows the successful incorporation of europium ion in 
HAp matrix. The X-ray diffraction analysis confirms 
that the crystallinity degree, crystallite size and lattice 
parameters slowly decrease with increasing ion 
dopant content. The SEM analysis shows the 
agglomeration nature of nanoparticles and the 
reducing in their size with increasing of europium ion 
dopant concentration. From UV-Vis measurements, it 
was observed an increase of the absorption peaks 
intensity with increases of europium concentrations. 
As a conclusion, all samples presented 
photoluminescent properties but, the 
photoluminescence of doped HAp powders is 
enhanced only at small concentration of ions content. 

The nanomaterials obtained in the present 
study based on doped hydroxyapatite with europium 
ion (3+) in various concentrations, reveal the increases 
of photoluminescent properties with concentration of 
dopant ions making them promising candidates for 
further development and their use for the light emitting 
capacities. Corroborating the structural, 
morphological, and optical findings sustain that by 
coprecipitation method can be obtained new doped 
hydroxyapatite using different concentrations of 
europium ion , which can serve as potential 
nanomaterials with application in imaging or drug 
delivery systems. 
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