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Table S1 Elemental analysis of the prepared Gd-oleate complex. The theoretical molar ratio of 
oleic acid to Gd is 3. The calculated values are given in parentheses.

Ln-oleate %C %H %Ln Oleic acid/Ln
Gd-oleate 62.96 (64.69) 9.82 (9.88) 14.76 (15.70) 3.11

Fig. S1 FT-IR spectra of the prepared Gd-oleate complex.

Fig. S2 EDX element mapping images of the NaYF4:59%Yb3+,0.5%Tm3+@NaYF4:20%Gd3+ 
core-shell nanoparticles: (a) TEM of the selected nanoparticles; (b-d) Element maps of Y, Yb and 
Gd in the nanoparticles shown in (a).
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Fig. S3 Upconversion luminescence of the UCNPs-PAA. Inset: TEM of the UCNPs-PAA 
dispersed in water.

Fig. S4 DLS of UCNPs-PAA and UCNPs-BBN.

Fig. S5 FT-IR spectra of the UCNPs-PAA, UCNPs-BBN and BBN.
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Fig. S6 T1 relaxivity plot of the Gd-DTPA dispersed in water with different Gd3+ concentrations.

Fig. S7 In vivo UCL imaging of PC-3 tumor bearing mice with UCNPs-BBN and UCNPs-PAA.

Fig. S8 Cell viability values (%) estimated by MTT proliferation tests versus incubation 
concentrations of UCNPs-PAA and UCNPs-BBN.


