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The europium doped hydroxypatite samples were obtained by an adapted 

coprecipitation method. After the synthesis, the samples were immersed in simulated 

body fluid (SBF) solution for 6 and 24 h respectively. After the immersion in the SBF 

solution, the morphology and antimicrobial activity of the powders were studied. 

Our antimicrobial studies revealed that all the samples exhibit antimicrobial activity 

against gram positive and gram negative strains.  
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1. Introduction 

 One of the most interesting bioceramic material with application in the 

biomedical field is hydroxyapatite (HAp). This biomaterial is well-known for its 

similarity to the inorganic part of bone, its non-toxicity, excellent bioactivity and 

biocompatibility [1-3]. Due to its affinity, the HAp structure allows an important 

number of substitution for Ca
2+

, PO4
3-

 and OH
- 
[4-6]. These substitutions improve 

the physico - chemical and biological properties. As reported before, HAp possess 

luminescent properties. However, in order to enhance this property, 

hydroxyapatite is doped with lanthanide (Ce, Eu, Sm, Tb, etc) ions [7-8]. 

 Fluorescent labeling can realize the continuous and non-destructive 

observations, which are helpful for monitoring the implanted subject [9], the 

delivering progression of drug carriers [10] and the bioimaging probes etc. 
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 In this study, we chose to dope hydroxyapatite nanoparticles with 

europium in order to improve their luminescence. It is well known that europium 

ions (Eu
3+

) possess a remarkable and stable red luminescence under UV radiation. 

Also, europium is characterized by a long-life luminescence which can be 

recorded by time-resolved fluorescence measurement. These properties could lead 

to the use of europium doped hydroxyapatite in in vivo imaging [11-12].  

Previous studies reported in literature [13] have shown that the immersion of 

hydroxypatite in a simulated body fluid is an efficient method to evaluate the 

bioactivity of HAp in in vitro conditions [14].  Moreover, recent studies reported 

by S. L. Iconaru et. al [15] revealed that europium doped hydroxyapatite 

nanoparticles exhibit antibacterial activity against Gram-negative and Gram-

positive bacteria as well as against fungi. 

 In this paper we report the synthesis, characterizations and antimicrobial 

activity of europium doped hydroxyapatite (HAp:Eu) powders after immersion in 

a SBF solution for 6 and 24h respectively. The HAp:Eu samples were prepared by 

an adapted coprecipitation method. The morphology and optical properties of the 

obtained powders was studied by scanning electron microscopy (SEM) and FT-

Raman spectroscopy. Also, the antimicrobial activity of HAp:Eu powders after 

immersion in the SBF solution against Enterococcus faecalis and Pseudomonas 

aeruginosa was studied. 

2. Samples preparation 

 The HAp:Eu (Ca10-xEux(PO4)6(OH)2, xEu = 0.1) nanopowder was 

synthesized by an adapted coprecipitation method. In order to obtain the HAp:Eu 

nanopowder, calcium nitrate tetrahydrate [Ca(NO3)2∙4H2O; Sigma Aldrich], 

ammonium hydrogen phosphate ((NH4)2HPO4; Alpha Aesar) and europium nitrate 

pentahydrate (Eu(NO3)3 5H2O; Sigma Aldrich) were used. Appropriate quantities 

of ammonium hydrogen phosphate and europium nitrate were dissolved in 

ethanol. After adding distilled water, the solution was kept under vigorous stirring 

for 8 h at 80 
°
C. In a distinct recipient, a specific amount of calcium nitrate was 

dissolved in ethanol under vigorous stirring for 8 h at 80
°
C. The calcium 

containing solution was added drop by drop in to the phosphorus containing 

solution. The atomic ratio used in order to obtain HAp:Eu sample was [Ca+Eu]/P 

= 1.67 [15-16]. The obtained powders were dried at 80 
°
C for 12 hours. 

On the other hand, the HAp:Eu SBF samples were obtained by immersing 

HAp:Eu samples into SBF solution. These mixtures were maintained at body 

temperature and incubated for 6 (HAp:Eu SBF 6h) and 24 h (HAp:Eu SBF 24h) 

respectively. After incubation, the powders were removed from the SBF solution, 

dried and milled.  
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3. Samples characterizations 

Scanning electron microscopy studies were performed with a QUANTA 

INSPECT F microscope operating at 30 kV accelerating voltage. For the 

elemental analysis, the electron microscope was equipped with an energy 

dispersive X-ray attachment (EDAX/2001 device).  

Optical properties of the powders were investigated by FT-Raman 

spectroscopy. The studies were performed with a RFS 100 FT-Raman Bruker 

spectrophotometer (λ=1064 nm). 

In vitro antibacterial studies. The antibacterial activity of the HAp:Eu 

SBF powders was evaluated on clinical and reference ATCC bacterial strains of 

gram positive (Enterococcus faecalis ATCC 29212) and gram-negative bacteria 

(Pseudomonas aeruginosa 1397), using twofold serial dilutions performed in 96-

multi-well plates [17]. For the quantitative antibacterial screening, the inoculums 

were prepared using a broth culture of each bacterial strains equivalent to a 0.5 

McFarland standard. Then, twofold serial dilutions of the samples were prepared 

in DMSO (dimethyl sulfoxide) with a starting stock solution of 1000 μg/mL 

concentration. After that, the plates were incubated for 24 h at 37 °C and the 

bacterial growth was assessed by measuring the absorbance of the obtained 

culture at 620 nm. The experiments were done in triplicate. 

4. Results and discussions 

In Figs. 1 and 2, the SEM images obtained at different magnifications for 

HAp:Eu SBF samples are presented, after the immersion of HAp:Eu in SBF for 6 

and 24 hours, respectively.  

Fig. 1. SEM images of HAp:Eu samples after immersion in SBF solution for 6h  

at various magnifications: (a) 50000x (b) 100000x, (c) 200000x. 

http://medical-dictionary.thefreedictionary.com/dimethyl+sulfoxide
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Fig. 2. SEM images of HAp:Eu samples after immersion in SBF solution for 24h  

at various magnifications.(a) 50000x (b) 100000x, (c) 200000x. 

 

It must be noted that the porosity of the HAp:Eu samples increased after 

immersion in SBF. The increase of the porosity of HAp:Eu SBF could lead to new 

applications in bone tissue engineering [18]. Moreover, it was observed that the 

morphology of the nanoparticles is slightly influenced by the immersion time. 

Also the nanometric dimensions and elipsoidal shape of the particles were 

confirmed by SEM studies. The morphology of HAp:Eu samples before 

immersion in SBF have been reported in our previous work [8].  

The EDAX results and mapping analysis obtained for the HAp:Eu SBF 

samples after immersion in SBF for 24 hours are shown in Fig. 3. The EDAX 

findings confirmed the presence of Ca, P, Eu, O, Na, Cl and Mg. The major peaks 

attributed to Ca, P, and O certified the hydroxyapatite composition, as shown in 

Fig. 3. On the other hand, the mapping analysis confirmed a uniform and 

continuous distribution of all the constituents of the HAp:Eu SBF sample. 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. EDAX results and mapping analysis for the HAp:Eu sample after immersion in SBF for 24 

hours. 
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 In Fig. 4, the Raman spectra recorded for the studied samples are 

presented (HAp:Eu SBF 6h and HAp:Eu SBF 24h). It was noticed, in both 

spectra, the presence of the bands characteristic to the ν1 (960 cm
-1

), ν2 (429 cm
-1

 

), ν4 (590 cm
-1

) and ν3 (1045 cm
-1

) vibrational modes associated to the phosphate 

group from the structure of hydroxyapatite [4-8]. Moreover, a decrease of the 

vibrational bands intensity could be observed. This behavior could indicate a 

decrease of the powders’ degree of crystallization. None of the two spectra 

presented in Fig. 4 exhibited any additional bands. This suggests that the samples 

kept the apatitic structure even after they were immersed in the SBF solution. 

Moreover, the behavior of HAp:Eu samples before immersion in SBF have been 

reported in our previous work [19]. 

 
  

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig. 4. Raman spectra of HAp:Eu SBF 6h and HAp:Eu SBF 24h powders. 

 

Hydroxyapatite is a widely investigated material for potential biomedical 

applications due to its remarkable biocompatibility. In the last years, a special 

attention was directed towards the development and characterization of europium-

doped hydroxyapatite for potential use as a biological probe [20]. Furthermore, 

recent studies regarding the antimicrobial activity of europium-doped 

hydroxyapatite have been reported [15]. In order to better understand the in vitro 

behavior of these types of materials, most often they are put into contact with a 

simulated body fluid (SBF) solution.  

The aim of this study was to evaluate the antibacterial properties of 

europium doped hydroxyapatite powders previously immersed in SBF for 6 and 

24 hours. The antibacterial activity of HAp:Eu SBF was tested using two of the 

most common bacterial strains, Pseudomonas aeruginosa 1397 (Gram-negative) 

and Enterococcus faecalis ATCC 29212 (Gram-positive).  

The bactericidal effect of the HAp:Eu SBF 6 h and HAp:Eu SBF 24 h 

assessed against gram negative bacterial strain Pseudomonas aeruginosa 1397 is 

presented in Fig. 5.  The results obtained indicated that the HAp:Eu SBF 6 h and 
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HAp:Eu SBF 24 h powders exhibit antibacterial activity against Ps. aeruginosa. 

The bactericidal effect on the Ps. Aeruginosa microbial suspensions was observed 

from 1mg/L to 0.125 mg/L.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 5. Antibacterial activity of HAp:Eu SBF 6h and HAp:Eu SBF 24h against gram-

negative Pseudomonas aeruginosa 1397. 

 

Although HAp:Eu SBF 6 h and HAp:Eu SBF 24 h had a similar effect 

against Ps. aeruginosa, there was observed a slight difference for the absorbance 

at 620 nm. The  values of the absorbance measured in the case of HAp:Eu SBF   

24 h were smaller than the ones obtained for the HAp:Eu SBF 6 h.  

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig. 6. Antibacterial activity of HAp:Eu SBF 6h and HAp:Eu SBF 24h against gram-

positive Enterococcus faecalis ATCC 29212. 

 

Thus, the results revealed that the period of exposure to SBF influenced 

the antibacterial activity of the europium doped hydroxyapatite powders. The 

antibacterial effect of the HAp:Eu SBF 6 h and HAp:Eu SBF 24 h was also tested 
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against a gram-positive bacterial strain. Fig. 6 presents the antibacterial activity of 

HAp:Eu SBF 6 h and HAp:Eu SBF 24 h against gram-positive Enterococcus 

faecalis ATCC 29212.  

The results indicated that HAp:Eu SBF 6 h and HAp:Eu SBF 24 h 

powders have a good antibacterial activity against E. faecalis (Fig. 6) for all the 

studied concentrations (from 1mg/L to 0.031 mg/L).  In the case of the HAp:Eu 

SBF 24 h sample, the inhibition of E. faecalis ATCC 29212 was more evident 

than in the case of HAp:Eu SBF 6 h sample, demonstrating that contact time of 

europium-doped hydroxyapatite nanoparticles with SBF influenced their 

antibacterial activity. In addition, the authors reported in their previous work the 

antimicrobial activity of HAp:Eu samples before immersion in SBF [15]. 

5. Conclusions 

 In this study we have reported the preparation of HAp:Eu  powders by co-

precipitation method and the evaluation of the morphology, optical properties and 

antimicrobial activity after immersion in a SBF solution for 6 and 24 h 

respectively. The SEM study revealed that the samples morphology is slightly 

influenced by the immersion time. Moreover, the elemental composition studies 

confirmed the presence of the chemical elements from the structure of HAp:Eu  

and SBF solution. In conclusion, this study on the antibacterial activity of HAp:Eu 

SBF 6 h and HAp:Eu SBF 24 h nanoparticles describes a novel approach of the 

potential usage of luminescent Eu
3+

 doped hydroxyapatite in biomedical 

applications. Also, the study describes the effect of simulated body fluid on the 

antibacterial activity of europium doped hydroxyapatite powders. These results 

suggest that this kind of materials possess great potential in being used as 

biomaterials with antibacterial properties. 
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