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PRELIMINARY STUDIES ON HYDROXYAPATITE DOPED 
WITH EUROPIUM 

Carmen Steluţa CIOBANU1, Ecaterina ANDRONESCU2, Bogdan Ştefan 
VASILE3, Roxana TRUŞCĂ4, Daniela PREDOI5 

Scopul acestei lucrări constă în prepararea şi caracterizarea hidroxapatitei 
pure (HAp) şi dopată cu europiu (Eu3+, Eu:Hap). Nanopulberile au fost obţinute 
prin coprecipitare şi caracterizate prin difracţie de raze X (DRX), microscopie 
electronică de baleaj (MEB), spectroscopie în infraroşu cu transformata Fourier 
(FTIR) şi microscopie electronică în transmisie (MET). Rezultatele obţinute pun în 
evidenţă faptul că Eu3+ a fost înglobat cu succes în structura hidroxiapatitei.   
Rezultatele preliminare de DRX pun în evidenţă faptul că structura cristalină a 
nanopulberilor de Eu:HAp este asemănătoare cu structura hexagonală a 
hidroxiapatitei şi că dimensiunea medie a particulelor variază între 10 şi 20nm. 

The aim of this paper is the preparation and characterization of pure 
hydroxyapatite (HAp) and HAp doped with europium (Eu3+, Eu:Hap).The 
nanopowders were obtained by co-precipitation method and analyzed through X-ray 
diffraction (XRD) scanning electron microscopy (SEM), infrared spectroscopy (FT-
IR) and transmission electron microscopy (TEM). The results indicate that Eu3+ 
has been successfully doped into the framework of HAp. The preliminary XRD 
results reveal that the obtained Eu:HAp particles are well assigned to the hexagonal 
lattice structure of the hydroxyapatite phase and the mean crystallite size varies 
between 10 and 20 nm. 
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1. Introduction  

The first structural identifications of biominerals using X-ray diffraction 
were obtained by De Jong in 1926 [1]. He established that calcium phosphate 
biominerals of vertebrates corresponded to an apatite structure and since that time 
bone mineral has been frequently identified as hydroxyapatite (HAp): Ca10 (PO4)6 
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(OH)2 which was later considered to crystallize in the hexagonal system (space 
group P63/m). 

HAp in the form of a non-stoichiometric, ion-substituted and calcium-
deficient hydroxyapatite (commonly referred to as ‘‘biological apatite’’), are 
present in bones, teeth, tendons of mammals, giving these organs stability, 
hardness and function [5-7]. Synthetic apatites can be prepared by several 
methods (precipitation under conditions of constant or changing composition, 
hydrolysis, solid/solid reaction at high temperature, hydrothermal methods) the 
type of which determines the amount and kind of substitution in the apatite. 
Numerous apatite-type compounds are known to exhibit good luminescence 
characteristics [9-11]. Europium is a well-known and thoroughly investigated 
active element in the field of lighting and display [12]. Luminescent properties 
depend strongly on the crystal structure of the host materials. HAp crystals have 
been widely used in delivery systems for genes [13], proteins [14] and various 
drugs [15-16] due to their non-toxicity and excellent biocompatibility, as have 
been experimentally proven by recent reports [17-20]. Europium is a luminescent 
agent with great bio-compatibility and is ideal for implantation and clinical 
application [23]. 

In this study, europium doped hydroxyapatite with an atomic ratio Eu/(Eu 
+Ca) equal with 0% and 20% were synthesized by co-precipitation. The structure, 
morphology, and optical properties were characterized by X-ray diffraction 
(XRD), scanning electron microscopy (SEM), transmission electron microscopy 
(TEM) and Fourier transform infrared (FT-IR) spectroscopy.  

2. Experimental procedure  

2.1. Sample preparation 

All the reagents for synthesis including ammonium dihydrogen phosphate 
[(NH4)2HPO4], calcium nitrate [Ca(NO3)2×4H2O], and europium nitrate 
[Eu(NO3)3×6H2O] (Alpha Aesare) were purchased without further purification. 
Europium-doped hydroxyapatite (Eu:HAp) was obtained at 80oC. The Eu:HAp 
was obtained by mixing Eu(NO3)3×6H2O, Ca(NO3)2×4H2O and (NH4)2HPO4 in 
deionizated water together (Ca/P molar ratio: 1.67 and an atomic ratio Eu/(Eu 
+Ca) equal with 0% and 20%) and stirred until a homogeneous solution was 
formed. The pH was adjusted to 9 using 2M NH3. The obtained precipitate was 
filtered and washed for several times with deionizated water. The resulting 
material was dried at 80oC for 72h.   
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2.2. Sample characterization 
 

The samples were characterized for phase content by X-ray diffraction 
(XRD) with a Bruker D8-Advance X-ray diffractometer in the scanning range    
2θ (0) = 15 – 90 using CuKα1 incident radiation. 

Particle morphologies were observed with a scanning electron microscope 
QUANTA INSPECT F at 30 kV accelerating voltage. The SEM studies were 
performed on powder samples. For the elemental analysis the electron microscope 
was equipped with an energy dispersive X-ray attachment (EDAX/2001 device).  

The functional groups present in the prepared powder were identified by 
FTIR (Spectrum BX Spectrometer). For this 1% of the powder was mixed and 
ground with 99% KBr. Tablets of 10 mm diameter for FTIR measurements were 
prepared by pressing the powder mixture at a load of 5 tons for 2 min and the 
spectrum was taken in the range of 400 to 2000 cm-1 with resolution 4 and 128 
times scanning. 

The structure and morphology of the samples were studied using 
transmission electron microscopy. The micrographs were obtained using a 
TecnaiTM G2 F30 S-TWIN transmission electron microscope (from FEI - The 
Netherlands), equipped with STEM/HAADF detector, EDS (Energy dispersive X-
ray Analysis and EFTEM - EELS (Electron energy loss spectroscopy), with the 
folowing characteristics: acceleration voltage of 300 KV obtained from a Shottky 
Field emitter; TEM point resolution of 2 Å; TEM line resolution of 1.02 Å;  The 
specimen for TEM imaging was prepared from the particles suspension in ethanol. 
A drop of well-dispersed supernatant was placed on a carbon – coated 200 mesh 
copper grid, followed by drying the sample at ambient conditions before it is 
attached to the sample holder on the microscope. 

3. Results and discussions 

3.1. Phase composition 

Fig. 1 shows the XRD patterns of pure HAp and Eu:HAp with     Eu/(Eu 
+Ca)=20%. Fig. 1A shows the typical diffraction peaks of hexagonal 
Ca10(PO4)6(OH)2, which can be indexed as the standard data (JCPDS No. 09-
0432). For the Eu:HAp sample in Fig. 1B, the characteristic diffractions of HAp is 
still obvious, and no other phase related with the doped Eu3+ can be detected. This 
results indicate that Eu3+ has been successfully doped into the framework of HAp. 
The XRD patterns reveal that the structure of pure HAp and Eu:HAp belongs to 
the hexagonal P63/m space group (JCPDS No. 09-0432). As the Eu/(Eu+Ca) 
concentration increases to 20% the peaks broaden, suggest that the doping inhibits 
the HAp crystal growth and/or causes lattice perturbations (microstrain). One can 
observe also an increased background intensity in this pattern, which is 
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presumably due to an amorphous component. The determination of the average 
crystallite size by XRD method is based on the Scherrer equation [24]: 

 
Dcrystallite = Kλ/B cosθ     (1) 

 
 where Dcrystallite is the averaged length of coherence domains (that is of perfectly 
ordered crystalline domains) taken in the direction normal to the lattice plane that 
corresponds to the diffraction line taken into account, B is the line broadening due 
to the small crystallite size, λ is the wavelength of X-rays, θ is the Bragg angle, 
and K a constant related to crystallite shape and to the definition of B (integral 
breadth or full width at half maximum).  The following results were obtained for 
the mean crystallite size: D=18 nm (±0.1) for pure Hap  and D=12 nm (±0.5) for 
Eu:HAp with Eu/(Eu +Ca)= 20%.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. XRD patterns of pure HAp (A); Eu:HAp with  Eu/(Eu +Ca)=20% (B) 
 

Table 1 
Cell parameter of pure HAp, Eu:HAp with  Eu/(Eu +Ca)=20% 

 
 
 
 
 
 

3.2. Samples morphology 
 
SEM images of pure HAp are presented in Fig. 2 (Fig. 2A), and Eu:HAp 

(Fig. 2B). SEM images provide the direct information about the morphology of 
the as-prepared samples. The micrographs reveal that the powders have the 

Cell parameters (Å) Pure HAp Eu:HAp with  Eu/(Eu +Ca)=20% 
a 9.4431 9.4185 
c 6.8754 6.8692 
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tendency to form agglomerates, most probably, due to the low particle size. The 
results suggest that the doping of Eu3+ has little influence on the morphology of 
pure HAp. The EDAX spectrum of Eu:HAp (Fig. 2D) confirms the presence of 
calcium (Ca), phosphor (P), oxygen (O) and europium (Eu) in the Eu:HAp 
sample. 

 

 
Fig. 2. SEM images of pure Hap (A), Eu:HAp with Eu/(Eu +Ca) =20% (B);  

EDAX spectrum of pure HAp (C), Eu:HAp with Eu/(Eu +Ca) =20% (D) 
 

3.3. Fourier Transform Infrared Spectroscopy  
 

The FT-IR spectra of pure HAp (A), Eu:HAp with Eu/(Eu +Ca)=20% (B) 
are presented in Fig. 3. The peaks of 1032 cm–1 correspond to the asymmetric 
stretching vibration of PO3

–4 , and the peaks of 600, 560 cm–1 in pure HAp (Fig. 
3A) and the peaks of 604, 563 cm–1(Fig. 3B) correspond to the bending vibration . 
The peak at 1419 cm–1 in Fig. 3B indicates that the samples contained a small 
amount of CO3

–2. The vibrational spectrum position of the anion group was 
influenced. In Eu-HA, the calcium ions were replaced by europium ions. In Fig. 
3A, the wave number of OH in pure HAp are 1565 cm–1, and the wave number of 
OH in Eu:HAp are 1570 cm–1 in Fig. 3B. We can see that the wave number of the 
OH- band increases with the radii of cations of hydroxyapatite owing to the 
increase in the hydrogen bond distance OH-. 
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Fig. 3. FT-IR spectra of pure HAp (A), Eu:HAp with Eu/(Eu +Ca) =20% (B) 

 

3.4. Transmission electron microscopy (TEM) 

The TEM micrographs of Eu:HAp is presented in Fig. 4. TEM images 
provide the direct information about the morphology of the as-prepared samples. 
The micrographs reveal that the powders have the tendency to form soft 
agglomerates, most probably, due to the low particle size. Fig. 4 reveals the 
formation of nanocrystalline HAp wires with a diameter in length varying from 20 
to 30 nm and a width varying from 5 to 12 nm. The morphology is also different 
as we can observe in the Fig. 4(A), the nanowires are smooth, with the same 
diameter from one end to another. In the other sample, Fig. 4(B) probably due to 
the addition of Eu, the morphology changes, thus, the diameter varying along the 
length of nanowires. The results suggest that the doping of Eu3+ has a little 
influence on the morphology of the samples.  

 



Preliminary studies on hydroxyapatite doped with europium                           69 

 
Fig. 4. TEM micrographs of of pure HAp (A), Eu:HAp with Eu/(Eu +Ca) =20% (B) 

 
4. Conclusions 
 
The europium-doped HAp were synthesized at 80oC by co-precipitating a 

mixture of Ca2+ and Eu3+ ions by phosphate ions in water medium. The 
preliminary DRX studies have shown that Eu3+ has been successfully doped into 
HAp. The results reveal that the obtained Eu:HAp particles are well assigned to 
the hexagonal lattice structure of the hydroxyapatite phase. The europium-doped 
HAp show a potential application in various fields based on their nano-sized and 
luminescent properties.   
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