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Figure S-2 shows the FTIR spectra of APS–PEG–COOH and APS–PEG–FA. As shown in Fig. S-2(a), the emergence 
of peaks at 1026 cm–1 and 879 cm–1 corresponding to Si–O–C stretching bands confirms the presence of APS   
in APS–PEG–COOH. The peaks at 1105 cm–1 and 1341 cm–1 most probably arise from C–O–C stretching and 
anti-symmetric stretching vibrations from the PEG [1]. Bands at 2930 cm–1, 2881 cm–1, and 1460 cm–1 arise from 
the anti-symmetric, symmetric stretching, and bending bands of –CH2–. A broad –OH stretching band centered 
at 3367 cm–1 arising from the PEG diacid is also present. The peak at 1778 cm–1 is characteristic of the carbonyl 
stretching band of PEG diacid. These peaks show the successful chemical bonding of PEG diacid to APS. After 
binding FA with APS–PEG–COOH (Fig. S-2(b)) a peak at 789 cm–1, which can be attributed to N–H out of   
plane wagging of FA, was observed. Meanwhile, the N–H bending band from –CONH– at 1608 cm–1 and    
the C–H aromatic stretching band at 3050 cm–1 increased in absorbance, further confirming the formation of 
APS–PEG–FA [2]. 

TG/DTG plots of APS–PEG–COOH and APS–PEG–FA were obtained when using the optimum conditions, 
with a heating rate of 10 °C·min–1 at a flow rate of 60 mL·min–1 of dry nitrogen gas. Figure S-3(a) shows the 
TG/DTG trace for APS–PEG–COOH. A mass loss occurred around 100 °C due to the loss of adsorbed water [3]. 
The peaks at 420 °C can be attributed to the decomposition of the intercalated APS while the peak at 533 °C 
corresponds to the decomposition of the grafted APS [4, 5]. The peak at 389 °C can be attributed to the 
decomposition of PEG diacid. These data confirm the linkage between APS and PEG diacid. Figure S-3(b) 
shows the TG/DTG image of APS–PEG–FA. Comparison with Fig. S-3(a) shows there are additional peaks at 
351 °C, 465 °C, and 571 °C, which can be attributed to the decomposition of FA [6], confirming the successful 
synthesis of APS–PEG–FA. 
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Figure S-1 (a) XRD patterns of HMP NPs (Ⅰ) before and (Ⅱ) after annealing at 500 °C for 2 h. (b) TEM image of HMP NPs after 
annealing at 500 °C for 2 h 

 
Figure S-2 FTIR spectra of (a) APS–PEG–COOH and (b) APS–PEG–FA 

 
Figure S-3 TG/DTG traces of (a) APS–PEG–COOH and (b) APS–PEG–FA 
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Figure S-4 Quantification of DOX loading capacity of HMP NPs before annealing at different DOX concentrations at pH 7 and HMP 
NPs before annealing at different DOX concentrations at pH 8. Error bars are based on standard deviations of triplicated samples 

 

Figure S-5 TEM images of HMP NPs dispersed in (a) pH 5.4 and (b) pH 7.4 buffer solutions. Hydrodynamic size distribution of HMP 
NPs dispersed in (c) pH 5.4 and (d) pH 7.4 buffer solutions monitored by DLS 



 Nano Res 

 

98

 

Figure S-6 (a) Manganese content in supernatant and sedimentation of HMP after centrifugation with 15 000 r/min at pH 5.4 and pH 
7.4. (b) Manganese concentration in the supernatant at pH 5.4 and 7.4 at 30 days after centrifugation 

 

Figure S-7 (a) Plots of T1
–1 and T2

–1 versus manganese concentration for MnCl2. (b) T1- and T2-weighted images for MnCl2 in a 1.5 T 
MRI system 
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Figure S-8 Manganese concentration in supernatant of HMP at pH 5.4 before and after annealing at 500 °C. The supernatant was 
obtained after centrifugation at 15 000 r/min for 30 min 
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