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Table S1.  Sizes and thicknesses of IONP@shell-in-shell at various amounts of HAuCl4 in feed  

 

 

 

 

 

Table S2. Fe/Ag/Au compositions of IONP@shell-in-shell at various amounts of HAuCl4 in feed 
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Figure S1. TEM images of (a) hydrophobic Fe3O4@oleic acid NPs; insets: Fe3O4@oleic acid NPs 

dispersed in hexane and (b) hydrophilic Fe3O4@CTAB NPs (IONPs); insets: IONPs dispersed in 

DD water. (c) Zeta potential of IONPs and (d) FTIR spectra of Fe3O4@oleic acid NPs (brown), 

Fe3O4@CTAB NPs (red) and CTAB (blue). 
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Figure S2. TEM images of IONP@shell-in-shell with various amounts of HAuCl4 in feed (a) 1.0 

µmol, (b) 1.5 µmol and (c) 2.0 µmol. 

 

 

 

 

Figure S3. (a) UV–vis–NIR spectra of IONP@shell-in-shell synthesized using various amounts of 

HAuCl4 in feed. 
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Figure S4. (a) The HR-TEM image of a single IONP@shell-in-shell NP and (b) the magnified image of the marked white square in (a) to 

estimate the lattice distance of the IONP@shell-in-shell NPs. (c) The HR-FESEM image of the IONP@shell-in-shell NPs to observe the surface 

morphology and the outer shell.  
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Figure S5. (a) XRD patterns of IONPs and IONP@shell-in-shell. (b) Size distribution of 

IONP@shell-in-shell NPs staying in pH 7.4 phosphate buffered saline (PBS) for various days, 

analyzed by Dynamic Light Scattering (DLS). 
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Figure S6. (a) Photothermal heating curves of double deionized (DD) water and IONP@shell-in-shell in DD water (12.5, 25, 50, 100, and 200 

ppm of Au ion) as a function of irradiation time using a 1064 nm diode laser (0 -15 min). (b) A plot of temperature change ∆T (the temperature at 

15 min minus the room temperature of 24.5 °C, T15min - TRT) versus concentration. 
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Figure S7. (a) Temperature change of IONP@shell-in-shell at an Au ion concentration of 100 ppm upon 1064 nm diode laser irradiation (3 W 

cm
-2

) for 10 min, followed by turning it off. (b) A linear plot of time (after 600 s) versus negative natural logarithm of dimensionless driving 

force temperature obtained from the cooling stage of curve (a) to calculate the time constant for heat transfer from the system. (c) UV–vis–NIR 

absorption spectrum of IONP@shell-in-shell at an Au ion concentration at100 ppm. A blue dash line is absorbance value at 1064 nm. 
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Figure S8. (a) Real-time thermal response curves and (b) UV–vis–NIR spectra of IONP@shell-in-shell at an Au ion concentration of 100 ppm in 

aqueous dispersion upon 1064 nm diode laser irradiation (3 W cm
-2

) for 10 min, followed by turning it off for 7.5 min during five cycles for 

testing photostablity.  
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Figure S9. Relaxivity r2 values of (a) IONPs and (b) IONP@shell-in-shell calculated from T2 relaxation (T2

−1
/ s

−1
) rate versus Fe ion 

concentration.  
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Figure S10. Cell viabilities of U87cells exposed to IONP@shell-in-shell at an Au ion concentration of 100 ppm and with indicated treatments 

and analyzed by MTT assay. The cells were treated underneath MagnetoFACTOR-96 plate for1.5 h, followed by irradiation with a diode laser of 

power density 3 W cm
-2 

for 10 min (n= 8, **p < 0.01). 
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Figure S11. Micrographs of the brain tumor stained by Prussian blue (a) without and (b) with magnetic assistance. IONP@shell-in-shell NPs in 

PBS were administered to the mouse via a tail vein injection at a dosage of 20 mg kg
−1

 with or without an external magnetic field for 30 min. 

The tumor tissue was dissected from the mouse at 24 h post-injection. 
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Figure S12. Body weights of mice measured pre-injection (pre) and post-injection at 24, 36, 48, 60, 72, 120, 168 and 216 hours, respectively. 

Mice were administered with PBS (blue color), and with IONP@shell-in-shell NPs (b, c) in PBS via the tail vein at a dosage of 20 mg kg
−1

 (b) 

without (orange color) and (c) with (gray color) magnetic assistance. The magnet was applied near the tumor site for 30 min after injection of 

NPs and the tumor region was irradiated with a 3 W cm
−2

 1064 nm diode laser for 20 min (n= 4).  


