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Table S1. Hydrodynamic diameters (Z-average) and polydispersity index (in brackets) of NPs in 

water and PBS. Values are presented as mean ± standard deviation of at least three measurements. 

Sample Water PBS (рН=7.4) 

Ta2O5 70.4 ± 0.3 
(0.235) 

129.1 ± 0.7 
(0.191) 

Ta2O5-BSA 72.0 ± 0.7 
(0.179) 

80.6 ± 0.7 
(0.284) 

Ta2O5@PDA 86.5 ± 0.4 
(0.104) 

959.3 ± 40.0 
(0.262) 

Ta2O5@PDA-BSA 89.1 ± 0.4 
(0.101) 

91.4 ± 0.4 
(0.100) 

The FTIR spectra of Ta2O5, Ta2O5@PDA, Ta2O5-BSA, and Ta2O5@PDA-BSA NPs are 

presented on Fig. S1 (full spectra (a) and their elongated parts (b)). The FTIR spectrum of Ta2O5 

NPs (black) exhibits a broad peak (500–1000 cm−1) attributed to vibrations in the metal oxide 

lattice, alongside characteristic O–H stretching vibrations (3420 cm−1) and H2O deformation 

vibrations (1630 cm−1). For Ta2O5@PDA NPs (dark blue), a series of new peaks emerges in the 

range of 1250–1550 cm−1 is attributed to PDA coating [S1]. In Ta2O5-BSA (grey) and 

Ta2O5@PDA-BSA NPs (blue), amide bond formation is confirmed by the intensified absorption 



band at 1648 cm−1, corresponding to the C=O stretching vibrations (amide I) [S2]. Detailed 

spectral assignment remains challenging due to overlapping absorption bands from the protein 

(BSA), water and PDA. 
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Figure S1 FTIR spectra of Ta2O5 (black), Ta2O5@PDA (dark blue), Ta2O5-BSA (grey) and 

Ta2O5@PDA-BSA NPs (blue) in the regions 500−4000 cm−1 (a) and 1300−1750 cm−1 (b). 
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Figure S2 XPS spectra in the N1s region for bare Ta2O5 NPs (burgundy line) and Ta2O5@PDA 

NPs (dark blue line). Panel (a) shows the overlaid raw spectra, with the N1s peak of Ta2O5@PDA 

overlapping with the Ta 4p₃/₂ signal of bare Ta2O5. Panel (b) presents the deconvoluted N1s 

spectrum after subtraction of the Ta 4p₃/₂ contribution, showing the individual nitrogen bonding 

states. 

 

Compared with Ta2O5 reference sample, the N1s XPS spectrum of Ta2O5@PDA NPs reveals a 

prominent absorption feature in the 395–405 eV binding energy range, characteristic of nitrogen-

containing functional groups in the PDA (Fig. S2a). In the raw spectrum (Fig. S2a), the N1s peak 

of Ta2O5@PDA overlaps with the Ta 4p₃/₂ photoelectron line of bare Ta2O5. To isolate and analyze 

the nitrogen bonding states, the Ta 4p₃/₂ contribution from the bare Ta2O5 spectrum was subtracted 

from the Ta2O5@PDA data, yielding the deconvoluted N1s spectrum shown in 



Fig. S2b. According to the peak positions, the following states can be distinguished: C=N-C 

(398.3 eV), C-NH-C (400.0 eV), C-NH2 (401.5 eV).  
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