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Table S1. Secondary structure in the amide Ⅰ band of BSA and their assigned wavenumbers 

for curve fitting analysis. 1-5 

Assigned secondary structure Wavenumber range (cm-1)

β-sheets 1690–1700

β-sheets/β-turns 1685–1663

α-helices 1665–1650

Random chains 1648–1644

Extended chains/β-sheets 1639–1621

Side chain moieties 1616–1600

Figure S1. The molecular structure of sodium oxalate (a) and BSA (b). BSA structure was 
obtained from http://www.rcsb.org/structure/4F5S 

Diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS; Bruker Vertex 

70) and X-ray photoelectron spectroscopy (XPS; PHI VersaProbe II) were used to 

characterize the surface composition of P90 and E171. Results from the DRIFTs analysis 

showed that phosphate peaks (1151 and 1072 cm-1) were present for E171 but no P90. (Fig. 
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S2). 

Figure S2. DRIFT peaks of P90, E171, and Na2HPO4 (control). 

XPS scans of the phosphorous 2p region (128-138 eV) were performed for E171 and 

P90 powders. All spectra were normalized to the C 1s emission (284.6 eV) and fit using 

relevant software. XPS analysis of the phosphorous 2p region for P90 (Fig. S3(a)) showed 

that phosphorus was not present on the surface. Conversely, the XPS spectra of E171 (Fig. 

S3(b)) showed a major peak at 133.0 eV, which is consistent with the peak location of the 

2p3/2 orbital of metal phosphates. The atomic mass percent of phosphorus measured on the 

E171 sample was approximately 2.9%.
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Figure S3. XPS analysis of the phosphate 2p3/2 orbital of (a) P90 and (b) E171

Figure S4. Flow-through ATR-FTIR spectra (64 scans, 4 cm-1) comparing the maximum peak 
intensities of BSA in the presence and absence of pre-formed oxalate layers on P90 (a, b) and 
E171 (c, d) film. Amide II (1547 cm-1) and C=O (1693 cm-1 and 1699 cm-1 for P90 and E171, 
respectively) peaks were used for the comparison.
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(a)

(b)

Figure S5. Flow-through ATR-FTIR spectra (64 scans, 4 cm-1) of (a) a comparison of 
adsorption kinetics of BSA onto P90 and E171 in the presence and absence of pre-adsorbed 
oxalate, and (b) distinct kinetic regions of BSA sorption to P90 in the presence of pre-
adsorbed oxalate.
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Table S2. Hydrodynamic size and zeta potential of P90 and E171 in the presence of BSA 
and/or oxalate and 1 mM KNO3. The Smoluchowski model was used to determine zeta 
potential.

TiO2 TiO2 + BSA TiO2 + OX TiO2 + BSA + OX
pH 4.71 4.60 6.43 5.92
Size (nm) 279 ± 3.4 1116 ± 75.6 2112 ± 167 302 ± 4.2P90
ζ potential (mV) 6.7 ± 0.3 -0.8 ± 0.4 -7.2 ± 0.5 -2.8 ± 0.7
pH 5.85 5.04 6.62 5.92
Size (nm) 315 ± 9.9 464 ± 0.3 338 ± 7.2 378 ± 6.8E171
ζ potential (mV) -27.3 ± 2.9 -0.2 ± 0.8 -39.3 ± 2.8 -12.6 ± 0.8

Figure S6. Changes in the stability of TiO2 ENMs over time. (a) 2 hrs, (b) 12 hrs, and (c) 120 
hrs after the initial interaction between TiO2 NPs and BSA and/or OX. From the left to the 
right, the vials are: (1) E171, (2) E171 with BSA, (3) E171 with OX, (4) E171 with BSA and 
OX, (5) P90, (6) P90 with BSA, (7) P90 with OX, and (8) P90 with BSA and OX.
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Figure S7. TEM images of TiO2 ENMs in the presence and absence of BSA and/or OX. (a) 
P90, (b) P90 with BSA, (c) P90 with BSA and OX, (d) E171, (e) E171 with BSA, (f) E171 
with BSA and OX. The scale bars on the bottom indicate 20 nm for all images. The yellow 
lines represent the approximate extent of the adsorbed layer. Due to aggregation, the 
adsorbed layer thickness of the P90 samples was not conclusive. The average primary particle 
diameter of the E171 samples in the presence of BSA increased from approximately 118 ± 
30.5 to 164 ± 67.7 nm, a statistically significant increase (p = 0.04) for n = 28 and 12 
particles measured, respectively. The p-value was calculated using a two-tailed t-test 
assuming unequal variance.
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Figure S8. 2DCOS spectra of BSA secondary structures for (a) BSA on P90 film, (b) BSA on 
E171 film, (c) BSA on P90 film with oxalate pre-adsorbed, (d) BSA on E171 film with 
oxalate pre-adsorbed. Synchronous (contour lines) and asynchronous (red, blue) 2DCOS 
spectra are overlapped, and the synchronous spectra showed only positive values for BSA 
peaks except for (c).
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