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Y.O.S.IV.7.

Hydroxyapatite nano particles doped with Gd**, Yb**/Tm*" and Eu** as lumino-magnetic
multimodal contrast agents

Nenad L. Ignjatovié¢!, Lidija Man¢i¢!, Marina Vukovié?, Zoran Stojanovié¢!, Marko G. Nikolié¢?,
Srego D. Skapin®, Sonja Jovanovi¢*®, Ljiljana Veselinovi¢', Snezana Lazié®, Smilja Markovi¢',
Dragan P. Uskokovi¢!
nstitute of Technical Sciences of the Serbian Academy of Science and Arts, Knez Mihailova
35/IV, P.O. Box 377, 11000 Belgrade, Serbia; 2 University of Belgrade, Innovation center,
Department of General and Inorganic Chemistry, Studentski trg 12-16, Beograd, Serbia;
3University of Belgrade, Institute of Physics, Photonic Center, Zemun, Serbia; *JoZef Stefan
Institute, Jamova 39, 1000 Ljubljana, Slovenia; *University of Belgrade, Vinéa Institute of
Nuclear Sciences, PO Box 522, 11001 Belgrade, Serbia; ® Universidad Auténoma de Madrid
(UAM), Instituto Universitario de Ciencia de Materiales “Nicolas Cabrera” (INC) and Condensed
Matter Physics Center (IFIMAC), Departamento de Fisica de Materiales, 28049 Madrid, Spain

Hydroxyapatite (HAp) has been widely used as bone reconstruction materials due to their similarity
to bone tissue. The improvement of HAp properties was achieved by doping its crystal lattice with
different ions. Lanthanides, i.e. Rare Earth Elements (RE) are also suitable for doping HAp. The
aim of the presented research was to investigate the possibility of creating lumino-magnetic
particles of HAp doped with gadolinium (Gd**) ions and co-doped with ytterbium/thulium
(Yb*/Tm*") or europium (Eu*") ions for potential use in multimodal imaging (MI).

Pure HAp (Cas(PO4)3;(OH)), magnetic HAp:Gd (Cas35Gdo.15(PO4)3(OH)), and lumino-magnetic
HAp :Gd/Yb/Tm (Ca4,stdo.o3Ybo, 1Tm0,02(PO4)3 (OH)) and HAp :Gd/Eu
(Cas.94Gdo.02Eu0.04(PO4)3(OH)) particles were synthesized using emulsification process and
hydrothermal processing. All synthesized particles had an elongated shape and exhibited a
paramagnetic behavior. Reduction of the unit cell volume as a result of replacement of Ca** ions
by ions with a smaller ionic radius (Gd**, Yb**, Tm**, Eu*") confirmed by using XRD and Rietveld
refined plots. The energy band gap values of the synthesized samples range from 4.93 to 3.18 eV
and decrease in the following order: HAp:Gd >HAp>HAp:Gd/Eu>HAp:Gd/Yb/Tm. The results of
photoluminescence emission spectra of HAp:Gd/Yb/Tm and HAp:Gd/Eu particles showed
characteristic transitions of Tm*" and Eu**, respectively.
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