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Figure S1. The diameter histograms of as-synthesized ultrasmall MnxFe3-xO4 

nanoparticles measured from TEM images (Figure 1a-f) respectively. 

 

 

 

 

 

 

Figure S2. Energy dispersive X-ray spectroscopy (EDS) of ultrasmall MnxFe3-xO4 

nanoparticles at different Mn doping level (x = 0.32, 0.37, 0.75, 1, 1.23, and 1.57).  
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Table S1. EDS and ICP measurements of ultrasmall MnxFe3-xO4 nanoparticles 

 EDS ICP 

1 Mn0.22Fe2.78O4 Mn0.32Fe2.68O4 

2 Mn0.39Fe2.61O4 Mn0.37Fe2.63O4 

3 Mn0.78Fe2.22O4 Mn0.75Fe2.25O4 

4 MnFe2O4 MnFe2O4 

5 Mn1.3Fe1.7O4 Mn1.23Fe1.77O4 

6 Mn1.54Fe1.46O4 Mn1.57Fe1.43O4 

 

 

 

 

Table S2. Binding energies of ultrasmall MnxFe3-xO4 nanoparticles 

 Fe 2p3/2 Fe 2p1/2 Mn 2p3/2 Mn 2p1/2 

Mn0.32Fe2.68O4 711.9 725.8 642.6 654.4 

Mn0.37Fe2.63O4 711.0 724.3 642.0 653.9 

Mn0.75Fe2.25O4 711.8 724.7 642.4 654.5 

MnFe2O4 711.8 725.5 642.1 653.9 

Mn1.23Fe1.77O4 710.9 725.1 641.8 653.7 

Mn1.57Fe1.43O4 711.2 724.8 641.6 653.2 



4 

 

 

Figure S3. Thermogravimetric analysis (TGA) of the UMFNPs modified with 

mPEG1000, mPEG2000 and mPEG5000, respectively. 

 

 

 

 

Table S3. Surface content of MnFe2O4 nanoparticles with different PEG chain lengths 

Molecular weight Surface content of MnFe2O4 nanoparticles 

mPEG1000 810-7 mol/mg 

mPEG1000 410-7 mol/mg 

mPEG1000 1.610-7 mol/mg 
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Figure S4. (a) T2-weighted phantom imaging of ultrasmall MnFe2O4 nanoparticles with 

different PEG chain lengths. (b) Plot of 1/T2 over [Fe+Mn] concentration of the 

ultrasmall MnFe2O4 nanoparticles different PEG chain lengths. 
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Figure S5. (a) T2-weighted phantom imaging of ultrasmall MnxFe3-xO4 nanoparticles 

with different Mn doping level. (b) Plot of 1/T2 over [Fe+Mn] concentration of the 

ultrasmall MnxFe3-xO4 nanoparticles with different Mn doping level. 

 

 

 

Table S4. The magnetization at 3T, T1 relaxivities, T2 relaxivities and r2/r1 ratios of 

the ultrasmall MnxFe3-xO4 nanoparticles with various Mn doping ratios measured at 

300 K 

Mn doping 

level (x) 

Average 

size (nm) 

Ms 

(emu/g) 

r1 

(mM-1s-1) 

r2 

(mM-1s-1) 

r2/r1 

 

0.32 3.11 21.78 7.02 25.95 3.70 

0.37 2.95 31.07 7.08 30.11 4.25 

0.75 3.28 26.92 10.35 26.06 2.52 

1 3.05 25.59 9.91 23.24 2.34 

1.23 3.07 10.69 9.23 21.18 2.29 

1.57 3.14 8.2 7.64 17.97 2.36 
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Table S5. Pharmacokinetic parameters for the ultrasmall MnxFe3-xO4 nanoparticles  

Parameter (unit) t1/2α (h) t1/2β (h) CL (mL/h) 

Mn0.32Fe2.68O4 0.64 8.01 1.00 

Mn0.37Fe2.63O4 0.62 9.59 0.67 

Mn0.75Fe2.25O4 0.53 10.03 0.42 

MnFe2O4 0.50 10.56 0.48 

Mn1.23Fe1.77O4 0.34 12.70 0.41 

Mn1.57Fe1.43O4 0.17 17.29 0.26 

 


