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Scheme 1: Scheme of the experimental setup for the photoluminescence measurement under an applied
magnetic field.



Figure S1. Bright Field TEM images of the a-NaYo.ssDyo.1sFa@0a-NaYF,@B-NaGdo.soEro.02Ybo.1sF4 @ B-
NaGdo 7sNdo2sFs core@multi-shell nanoparticles.
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Figure S2. Particle size histogram and Gaussian fitting (green) of the a-NaYo.ssDyo.1sF2@ a-
NaYF,@B-NaGdo.goEro.02Ybo1sFa @B-NaGdo 7sNdo.2sF4 core@multi-shell nanoparticles.



Figure S3. ngh resolution TEM of the a-NaYo.gsDyo.1sF2@ (X.-NaYF4@B-NaGdo,soEro,02Yb0‘18F4 @B-NaGdo,75Ndo,25F4
core@multi-shell nanoparticles.



Figure S4. High Angle Annular Dark Field-STEM (HAADF-STEM) images of the a-NaYp gsDyo.1sF4@ a-NaYF,@B-
NaGdo soEro.02Ybo.1sF4a @B-NaGdo 7sNdo2sF4 core@multi-shell nanoparticles
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Figure S5. (A) EDS elemental mapping of the a-NaYo.gsDyo.1sFa@NaYF4@B-NaGdosoEroo2Ybo1sFa @NaGdo 7sNdo2sFs
core@multi-shell nanoparticles and (B) Distribution profile of Dy" (blue), Y" (green) and Gd" (red) ions along the
a-NaYossDyo.15F4a@ a-NaYF,@B-NaGdo.soEro.02Ybo.1sF4 @B-NaGdo 7sNdo25F4 core@multi-shell nanoparticles.
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Figure S6. Emission intensities versus excitation power of Er'" ion (*His2—> *l1s2, *S3/2~> *lis/2 and *Fo/a—> *liss2, ) (A)

excitation at 808 nm, (B) excitation at 980 nm of the a-NaYo.ssDyo.15Fa@ a-NaYF.@B-NaGdo.soEro.02Ybo.1sFa @B-
NaGdo7sNdo2sFa core@multi-shell nanoparticles.
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Figure S7. Upconversion luminescence spectra of a-NaYo.ssDyo.15sFs@a-NaYF,@ -

NaGdo.soEro.02Ybo.1sFa@B-NaGdo.7sNdo 2sF4 nanoparticles under laser excitation at 1550 nm (19.8
mW.cm2).
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Figure S8. Downshifting luminescence spectra of the a-NaYo.gsDyo.1sFa@a-NaYF,@B-

NaGdo.soEro.02Ybo.1sFa@B-NaGdo 7sNdo 2sF4 nanoparticles under laser excitation at 980 nm (3.78
mW.cm™2).
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Figure S9. (A) Hysteresis experiments performed at 2 K and (B) Zero-field cool/field cool
(ZFC/FC) experiment performed from 2 to 300 K using an applied field of 100 Oe of the a-
NaYo.ssDyo.15F4 core nanoparticles.



