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FT-IR characterisation of TA and OTA: 

The FT-IR spectrum of pure TA exhibit different characteristic bands: a broad band at 

3315 cm-1 corresponding to the stretching vibration of O-H groups in the polyphenol 

molecule, an intense band at 1695 cm-1 assigned to the C=O stretching modes of ester groups, 

a band at 1444 cm-1 attributed to the bending O-H vibration of the pyrogallol molecule; and 

the band at 1185 cm-1 due to the stretching vibration of C-OH bond of the -OH groups in the 

benzene rings. The OTA spectrum presents the same vibrational modes but the 3315, 1444 

and 1185 cm-1 bands have lower relative intensity than that observed in the TA spectrum, 

evidencing the oxidation of the phenolic -OH groups. Another proof of oxidation is the 

appearance of a signal at 1675 cm-1 characteristic of the vibration of C=O groups of o-

quinones, and the shoulder in this signal at 1695 cm-1 can be attributed to the vibration of 

C=O groups, corresponding to the TA ester groups that do not undergo modification. 

 

Fig. S1. (A) FT-IR spectra of TA and TAox, with a magnification of 1800 – 1500 cm-1 for 

the TAox spectrum. (B) TA oxidation reaction. 

Tr
an

sm
itt

an
ce

 (%
) 



 S3 

XPS of MNPs and MNPs@OTA 
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Fig. S2. XPS survey of (A) MNPs and (B) MNPs@OTA. Fe2p spectra of (C) MNPs and (D) 

MNPs@OTA. C1s spectra of (E) MNPs and (F) MNPs@OTA. 
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Table S1. Results of the curve fitting analysis of XPS spectra of MNPs sample. 

Component BE (eV) Assignment 
C1s 284.7 Aliphatic carbon: C-H; C-C 

285.9 C-O-C 
288.5 Carboxylates 

O1s 529.9 Fe-O 
531.4 O-H 
532.6 Organic impurities 

Fe2p 709.7 Fe(II) 
711.1 Fe(III) oct., Fe2O3, FeOOH 
712.8 Fe(III) tetr. + multip. 
715.3 Fe(II) sat. 
719.0 Fe(III) sat. 

 

Table S1. Results of the curve fitting analysis of XPS spectra of MNPs@OTA sample. 

Component BE (eV) Assignment 
C1s 284.2 C=C (Aromatic ring) 

285.5 C-H and C-C 
286.9 C-O-C 

 289.3 Carboxylates 
O1s 529.9 Fe-O 

532.3 Organic C-O 
533.7 Organic C=O 

Fe2p 709.4 Fe(II) 
711.0 Fe(III) oct., Fe2O3, FeOOH 
712.7 Fe(III) tetr. + multip. 
715.1 Fe(II) sat. 
718.0 Fe(III) sat. 
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Thermogravimetric analysis of MNPs and MNPs@OTA 

The TGA curves for MNPs and MNPs@OTA are shown in Fig. S3. The TGA curve of MNPs 

shows an initial mass loss of around 2% at 286 °C (Fig. S3A), mostly related to the desorption 

of adsorbed water and some dehydration products generated by ambient moisture.1,2 In the 

case of MNPs@OTA (Fig. S3B), a weight loss with a centred peak at 286 °C is observed, 

indicating the loss due to the TA moiety of MNPs. Considering that up to 600°C, a weight 

gain in MNPs@OTA TGA curve is observed due to oxidation processes of magnetite, 1 the 

comparison of TGA curves was performed to avoid this. The mass loss attributed to the TA 

functionalities was considered as 4.2%. 

 

A 

 

B 

 

Fig. S3. TGA and DTG curves for (A) MNPs and (B) MNPs@OTA. 

 

Assuming that the TA forms a close-packed monolayer on the nanoparticles, the total weight 

loss due to the loss of organic molecule can be calculated theoretically by using the equation 

(eq. S1):2,3 
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 (S1), 

 

were d is the mean diameter of MNPs, a is the tabulated projected area of the TA (7.78 nm2), 

MW is the molecular weight of TA, NA is the Avogadro’s number and ρ is the MNPs density 

(5.2 g mL-1). The calculated value for the weight loss is found to be 3.5%. Since the 

experimental weight loss was 4.2% (see Fig. S3), the differences between the two values 

could be attributed to the polydispersity of particle diameter, or even to the steric hindrance 

due to a volumetric molecular such as TA. Furthermore, it is important to consider that the 

TA could induce auto-polymerization at oxidative conditions. For that, the high weight loss 

value could be understood as a functionalisation of TA with a certain amount of its dimers 

or oligomers in the nanoparticle surface. 
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Obtention of Nanocatalytic Nanogels 
  
For the SEM-EDS results, we took specific images of different nanogels with larger sizes or 
aggregates, due to (i) the limitations of the piece of equipment, and (ii) to obtain images with 
better resolution. 
 
 

 
 
 

 
 
Fig. S4. SEM-EDS images for different obtained nanogels.  
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Fig. S5. Thermogravimetric analysis for the prepared nanogels. 
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Fig. S6. Size distribution for 15NCNG, 25NCNG and 40NCNG determined by DLS 
measurements. Each measurement has been performed in triplicate and repeating the same 
measurement every week over a month. 
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Fig. S7. FT-IR spectra of pure Ch, Ch-OTA NG, 15NCNG, 25NCNG and 40NCNG. 
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