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Table S1. Synthesis parameters, hydrodynamic size – polydispersity index 
(pdI), and dry size (estimated from Gaussian multimodal fit) of various samples. 

 
 
 
 



 
Fig. S1. SEM micrographs, particle size distribution (from SEM micrographs) with 
Gaussian-fits (number of particles measured are displayed above the graph), and 
hydrodynamic size (DLS) of the samples obtained at different reaction 
temperatures: (a, b, c) 220 ºC (Exp O) and (d, e, f) 250 ºC. (Exp Q)  For further 
experimental details, see Table S1. 
 
 

 
Fig. S2. SEM micrographs, particle size distribution (from SEM micrographs) with 
Gaussian-fits (number of particles measured are displayed above the graph), and 
hydrodynamic size (DLS) of the samples obtained with different citrate quantities: 
(a, e, i) 0.114 g (Exp F), (b, f, j) 0.227 g (Exp I), (c, g, k) 0.454 g (Exp J), and (d, 
h, l) 0.908 g (Exp K). For further experimental details, see Table S1. 
 
 



 

 
Fig. S3. SEM micrographs, particle size distribution (from SEM micrographs) with 
Gaussian-fits (number of particles measured are displayed above the graph), and 
hydrodynamic size (DLS) of the samples prepared at 220 oC with 1 min ramping 
at aging times of: (a, d, g) 10 min (Exp C), (b, e, h) 20 min (Exp D), and (c, f, i) 30 
min (Exp E). For further experimental details, see Table S1. 
 



 
 
Fig. S4. SEM micrographs, particle size distribution (from SEM micrographs) with 
Gaussian-fits (number of particles measured are displayed above the graph), and 
hydrodynamic size (DLS) of the samples prepared at 220 oC with ramping time 
of 20 min at aging times of: (a, b,c) 10 min (Exp N), (d, e, f) 20 min (Exp O), and 
(g, h, i) 30 min (Exp P). For further experimental details, see Table S1. 
 



 
Fig. S5. SEM micrographs, particle size distribution (from SEM micrographs) with 
Gaussian-fits (number of particles measured are displayed above the graph), and 
hydrodynamic size (DLS) of the samples obtained with different ramping times: 
(a, d, g) 1 min (Exp D), (b, e, h) 10 min (Exp J), and (c, f, i) 20 min (Exp O). For 
further experimental details, see Table S1. 
 
 
 
 

 
 

Fig. S6. Hydrodynamic size evolution of SPION-NCs, for the synthesis reactions 
performed at 220 oC, with different reaction parameters –with the change of one 
parameter at a time: (a) amount of citrate, (b) aging time, and (c) ramping time. 
Sample are labeled on the plots, and experimental details are summarized in 
Table S1. 
 
 



 
Fig. S7. TGA thermogram of SPIONs-NCs (Exp O). 

 
 

 
 

Fig. S8. XPS spectra of the SPIONs-NCs (Exp. C) (a) C 1s, (b) Fe 2p, and (c) O 
2s. 
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Fig. S9. XRD of the SPIONs-NCs (Exp. O), indexed to magnetite phase, Fe3O4 

(ICDD file No. 19-0629). 
 
 
 

 
 

Fig S10. HRTEM of SPIONs-NCs (Exp. O). Observed crystalline planes were 
indexed to magnetite phase, Fe3O4 (ICDD file No. 19-0629) 

 
 
 
 



 
 

Fig. S11. FTIR spectra of (a) CTAB, (b) mesoporous silica before extraction, (c) 
mesoporous silica after extraction of CTAB with salt, and (d) mesoporous silica 
after calcination at 550 ºC for 6h. 
 

The amount of methylene blue (MB) was calculated by the difference using a 
calibration curve with UV-Vis (Fig. S12a). For this purpose, using UV-Vis 
spectroscopy a calibration curve was generated by preparing MB solutions with 
concentrations ranging from 0.5  µg/mL to 7.5 µg/mL. The area under the 
absorption spectrum (in the range from 550 nm till 700 nm) is integrated, as the 
isomers (dimer, trimer, etc.) of MB have slightly shifted absorption maxima. To 
determine the quantity of encapsulated MB, two stock solutions with identical MB 
concentration were prepared, where one was analyzed for the total amount of 
MB used for the impregnation process. The second solution was obtained after 
the impregnation, pore-closure and washing process, during which all MB not 
encapsulated within the pores was collected (the sample was washed repeatedly 
until no residual MB was observed). The total amount of free (non-encapsulated) 
MB was determined from the UV-Vis analysis of this solution, upon the integration 
of the area under the absorption curve (Fig. S12b). After interpolating the 
concentrations from the calibration curve for each sample, the amount of MB 
present within the pores of the material was determined by the difference. 



 

Fig. S12. (a) UV-Vis calibration curve for MB, and (b) Absorption spectrum of total 
MB (prior to impregnation), and MB in the supernatant after washing steps.  

 
 

  
 

Fig. S13. TEM micrograph of SPIONs-NCs@MS-MB. 
 

 
 
Fig. S14. Hydrodynamic size of a) SPIONs-NCs-amorphous silica, b) SPIONs-
NCs@MS, and c) SPIONs-NCs@MS-MB samples. 
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Fig. S15. a) HRTEM of the SPIONs-NCs@MS-MB and b) STEM and mapping of 
the SPIONs-NCs@MS-MB.  
 
 

 
Fig. S16. XRD of the SPIONs-NCs@MS-MB, indexed to magnetite phase, 

Fe3O4 (ICDD file No. 19-0629). 
 
 
Crystallite size was determined by the modified Scherrer method, which reduces 
errors and gives a constant crystal size for all diffraction peaks.1,2 The 
determination was made from 5 reflections ((200), (311), (400), (422), and (511)) 
whose profiles were fitted to a pseudo-Voigt function. The FWHM associated with 
the equipment was determined by fitting the peak profiles of a LaB6 pattern to 
pseudo-Voigt functions. Then, with the corrected values, the crystallite sizes of 
the SPIONs-NCs (Fig S8) and SPIONs-NCs@MS-MB (Fig. S16) samples are 
10.3 ± 0.5 nm and 11.0 ± 0.5 nm, respectively. 
 
 

 
 



 
Fig. S17. Magnetization curves of SPIONs-NCs@MS, SPIONs-NCs@MS-MB 
samples, along with the MB loaded sample after 24h incubation in PBS, 
designated as SPIONs-NCs@MS-MB-PBS. 
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