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What is claimed is: 
 

1. A nanoparticulate composite comprising a first and a second layer, 

wherein the first layer comprises one or more metals and one or more dopants, wherein the 

one or more metals comprise dysprosium as a paramagnetic metal, a ferromagnetic metal, 

and a superparamagnetic metal, and wherein the first layer comprises an Yb3+ dopant and a 

Dy3+ dopant, 

wherein the second layer comprises one or more metals selected from the group consisting 

of gadolinium, manganese (II), and  iron (III), the one or more metals being an oxide,  a 

fluoride or a phosphate. 

2. The nanoparticulate composite of claim 1, wherein the one or more metals comprised in 

the first layer are an oxide or a fluoride.  

3. The nanoparticulate composite of claim 1 or 2, wherein the one or more metals comprised 

in the first layer comprise one or more of Dy2O3, DyF3, NaDyF4, LiDyF4, KDyF4,.  

4. The nanoparticulate composite of any one of the preceding claims, wherein the one or 

more metals comprised in the second layer comprise one or more of GdF3, Gd2O3, MnO, 

Mn3O4, GdPO4, LiMnF3, NaMnF3, KMnF3, LiGdF4, NaGdF4, KGdF4, NaY(Yb)F4:Gd, 

NaY(Yb)F4:Mn, LiY(Yb)F4:Gd, KY(Yb)F4:Gd, LaF3:Gd/Mn, and ultrasmall 

superparamagnetic iron oxide (SPIO). 

5. The nanoparticulate composite of any one of the preceding claims, wherein the second 

layer comprises one or more lanthanide dopants.  

6. The nanoparticulate composite of claim 6, wherein the dopant comprised in the second 

layer is one or more dopants of Yb3+, Er3+, Tm3+, and Ho3+. 

7. The nanoparticulate composite of any one of the preceding claims, being a core/shell 

nanocrystal or a heterodimer.  

8. The nanoparticulate composite of claim 8, being a core/shell nanocrystal, wherein the first 

layer defines the core, and the second layer defines the shell. 

9. The nanoparticulate composite of any one of the preceding claims, comprising a surfactant 

immobilized on its surface. 

10. A contrast agent comprising one or more nanoparticulate composites according to any one 

of the preceding claims.  
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11. The contrast agent of claim 11, being a T1-T2 dual mode MRI contrast agent. 

12. The contrast agent of claim 11 or 12, further being configured, upon exposure to a first 

wavelength λ1 of radiation, to generate a second wavelength λ2 of radiation having a 

higher energy than the first wavelength λ1. 

13. The use of the nanoparticulate composite any of any one of claims 1 to 10 in performing 

magnetic resonance imaging or upconversion fluorescence imaging.  

  

 


