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Figure SI1. XRPD patterns for MNPs doped with 2 % Er*" for subsequent shell formation.
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Table SI1. Average particle size for the MNPs doped with 2% Er*" after consecutive reaction steps evaluated by
XRPD.
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Figure SI2. Hydrodynamic average size measured by DLS for MNPs with 2% Er®".
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Figure SI3. UC emission upon 980 nm exci
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Figure SI4. UC emission upon 980 nm excitation of the core@shell NPs, SrF,:YbTm@Y. An increase in the 650 nm
and 800 nm emission bands can be noticed, with an increase of the signal/noise ratio, due to an overall intensifi-

cation of the emission.
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Figure SI5. UC emission upon 980 nm excitation of the core@shell@shell NPs, SrF,:YbTm@Y@YbEr(1%)Nd. An
increase in Tm*>* emission band at 460 nm can be noticed, probably due to the lower interaction of Tm*" ions
with the solvent, since Tm®" ions are located only in the core of the MNPs. A typical Er*" ions emission band can
be seen at 550 nm, the low intensity is due to a quenching induced by the solvent.
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Figure SI6. Energy transfer and emission processes for the MNPs upon 980 nm excitation.
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Figure SI7. Energy transfer (ET) and emission processes for MNPs upon 806 nm excitation. Brown, ascending sol-
id arrows represent laser excitation. Dotted descending black arrows represent non-radiative de-excitation. De-
scending solid arrows represent emission. Ascending dashed arrows represent energy absorption (ascending
brown dashed arrows represent ESA of 806 nm radiation). Red dashed arrows represent ET. Blue dashed arrows

represent Er**—>Nd*" ET.



a) 1 b)

| —20°C
25°C
_ 30°C

- 35°C
7 40°C 7
1 45°C -
{1 —50°C .

Intensity (arb.u.)

850 900 950 1000 1050 1100 900 950 1000 1050 1100
Wavelength (nm)

Figure SI8. Thermometric measurements of the MNPs with different Er** concentration in the second shell. Er**
0.2% ina), 1% in b), 4% in c), 8% in d).
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Figure SI9. MNPs NIR absorption (dashed line), and emission (solid line) upon 806 nm excitation. In the inset the
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Stark levels of the Yb*" ions are highlighted. An increasing thermal population of the 6 and 7 levels allows the in-
crease of the Nd**«-Yb*" back ET process.



