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Table S1. TiO2 nanoparticles and their main physicochemical characteristics. 

 

Sample name Supplier 
Batch 

number 
Size 

(mean diameter) 
Crystalline composition 

CAPC50= 

CristalACTiV™ 
PC500 [1] 

 

Tronox 

  

3 nm 

 

100% anatase 

TiO2-A12 [2] Home made Octi 50 12 nm 95% anatase 

TiO2-A12 annealed Home made Octi 79R 18 nm 99.7% anatase 

TiO2-R12 Home made Octi 195R 12 nm 
85% rutile 

15% anatase 

Sigma TiO2 Aldrich 637-254 MKBB1944 < 25 nm 100% anatase 

P25 Degussa 
 

24 nm 
86% anatase 

14% rutile 

101JRC European Joint Research Center (JRC) n ident: 1117 6 nm 100% anatase 

 

103JRC 

 

JRC 

 

n ident: 0684 

 

20 nm 

100% rutile 

with hydrophobic 

coating 
(alumine+glycerine) 

 

104JRC 

 

JRC 

 

n ident: 0686 

 

20 nm 

100% rutile 

with hydrophilic 

coating 
(alumine+diméthycone) 
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Figure S1. UV-visible spectroscopy showing the metallation of enterobactin (ent) (12 μM) by successive additions 

of equivalents of Ti(IV) (TiCl4) in water. (Inserts) Determination of Ti-enterobactin complex stoichiometry in water 

according to the evolution of the absorbance at 386 nm during addition of Ti(IV). A= absorbance. 
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Figure S2. ESI-MS spectrum of the Ti-ent complex obtained (a) in negative mode and (b) in positive mode after 

incubation of enterobactin (50 μM) in presence of TiCl4 (50 μM) for 1 h in water. (Insert) Isotopic distribution. 
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Figure S3. ESI-MS spectra obtained in negative mode on the supernatant after incubation of TiO2-A12 NP (5 mg.mL- 

1) with enterobactin (ent) (50 μM) at 37°C for 5 min (a) and 60 h (b). The supernatant were re-suspended in water

containing 5% pyrophosphate. Mass at m/z = 355 corresponds to two-negatively charged enterobactin titanium 

complex [Ti-ent]2- ; m/z = 668 corresponds to free enterobactin (entH5)-, m/z = 712 corresponds to the Ti-enterobactin 

complex charged negatively [Ti-entH]- ; m/z = 734 corresponds to the Ti-enterobactin complex [Ti-entNa]-. (c) 

Isotopic distribution of the mass spectrum of the Ti-enterobactin complex. 
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Figure S4. Quantification by the Arnow method [3] of enterobactin (ent) present in the supernatants after 

incubation of enterobactin (50 µM) with TiO2-A12 and P25 NP (5 mg.mL-1). 
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Figure S5. (a) UV-visible spectroscopy of the supernatant collected after incubation of enterobactin (ent) (50 µM) 

with TiO2-Annealed (5 mg.mL-1) and TiO2-A12 NP (5 mg.mL-1). The spectra were carried out on the supernatants 

after the suspensions been ultracentrifuged at 75 000 rpm for 45 min at 5°C and filtered on a 3 kDa Centricon unit. 

(b) Mass spectra obtained by ESI-MS in negative mode on the supernatant after incubation at 50°C for 50h of

annealed TiO2-A12 (5 mg.mL-1) with enterobactin (50 μM). The supernatant were re-suspended in water containing 

5% pyrophosphate. The mass of m/z = 355 corresponds to the two-negatively charged enterobactin titanium 

complex [Ti-ent]2- ; m/z = 712 corresponds to the titanium-enterobactin complex negatively charged [Ti-entH]-, m/z 

SN TiO2-A12 annealed + ent 

SN TiO2-A12 + ent 
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= 734 corresponds to the titanium-enterobactin complex [Ti-entNa]-. 
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a) 

b) 

Figure S6. UV-visible spectra monitoring the metallation of enterobactin (ent) by Ti (IV) from mostly anatase (a) 

and rutile (b) TiO2-NP. All NPs used (5 mg.mL-1) were suspended in PP medium and incubated 24 h under stirring 

at 37°C in presence of enterobactin (50 μM). The UV-visible spectra were carried out on the supernatants. A= 

absorbance. 
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a) b) 

Figure S7. Influence of the concentration of enterobactin (ent) and the incubation time on the dissolution of 

TiO2-A12 NPs. (a) UV-visible spectra of the supernatants measured after a 24 h incubation at 37°C of TiO2- 

A12 (5 mg.mL-1) in PP buffer medium with 0 to 100 µM of enterobactin; (b) influence of the incubation times 

on the dissolution of TiO2-A12 NPs (5 mg.mL-1) with enterobactin (50 µM) in PP medium followed by UV- 

visible spectroscopy. A= absorbance. 

[1] http://www.cristal.com/ProdDocs/CristalActiV%20PC500%20DataSheet.pdf.

[2] a) Jugan, M. L.; Barillet, S.; Simon-Deckers, A.; Herlin-Boime, N.; Sauvaigo, S.; Douki, T.;

Carriere, M., Titanium dioxide nanoparticles exhibit genotoxicity and impair DNA repair

activity in A549 cells. Nanotoxicology 2012, 6 (5), 501-13. b) Pignon B; Maskrot H; Leconte Y;

Coste S; Reynaud C; Herlin-Boime N; Gervais M; V, G. F.; Pouget T; Tranchant JF, Versatility of

laser pyrolysis applied to synthesis of TiO2 nanoparticles, application to UV attenuation. Eur J

Inorgan Chem 2008, 208 (6), 883–889; c) Simon-Deckers, A.; Gouget, B.; Mayne-L'hermite, M.;

Herlin-Boime, N.; Reynaud, C.; Carriere, M., In vitro investigation of oxide nanoparticle and

carbon nanotube toxicity and intracellular accumulation in A549 human pneumocytes.

Toxicology 2008, 253 (1-3), 137-46.

[3] a) Arnow, L. E., Colorimetric determination of the components of 3,4-dihydroxyphenylalanine- 

tyrosine mixtures. J. Biol. Chem 1937, 118, 531; b) Payne, S. M., Detection, isolation, and

characterization of siderophores. Methods in enzymology 1994, 235, 329-44.

http://www.cristal.com/ProdDocs/CristalActiV%20PC500%20DataSheet.pdf
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Section A: Theoretical data 

1. Computational Details

Theoretical calculations are made on three types of systems: 

- The metal free enterobactin (so called apo), with totally protonated catechol oxygens.

- The metaled enterobactin in which titanium is bound via the six deprotonated oxygen atoms of

the three catechol rings (hereafter “catecholate”).

- The metaled enterobactin in “salicylate” binding mode, in which three oxygen of the catecholate

groups bind the metal while its coordination is completed by the carbonyl oxygens, as

presented in figure below. This structure is identified as ent-Ti-sal.

Other structures, e.g. partially protonated metal free enterobactins or protonated catecholate 

structures were addressed but were considered not relevant, especially the latter being less likely to be 

formed under the experimental conditions. 

Metal free enterobactin is a closed-shell, neutral species. 

Both metaled structures (catecholate and salicylate binding modes) have a closed shell 

structure, consistently with the [Ar]3d0 electronic structure of Ti4+. All the calculations have been 

performed with the Gaussian 09 program [1]. Structures have been optimized with the B3LYP [2] hybrid 

density functional, completed with Grimme’s D3 dispersion correction (keyword: empirical 

dispersion=GD3BJ) [3], using a double- quality basis set constituted as following: the 6-31G* basis [4] set 

for non-metal atoms and the lanl2dz+ECP one, augmented by a set of polarization functions of exponent 

2.462 and a set of d diffuse function of exponent 0.0706 for titanium. 

Geometry optimizations, energy calculation and frequency calculation for the simulation of infrared 

spectra were done in solvent (water), using the IEFPCM implicit model [5]. 

Infrared transitions are computed by harmonic frequency calculations. A scaling factor of 0.9614 was 

applied to frequencies to better-fit experimental data [6]. Simulated spectra are obtained by fitting 

lorentzian functions to peaks provided by the harmonic frequency calculations with a full width at half 

maximum of 20 cm-1. Vibrational modes (bending, stretching, etc.) have been studied in the range 1000 

cm-1 to 1800 cm-1 and the assignation was made visually by checking vibrational motions. Some modes

of interest are coupled and/or delocalized and are attributed to the apparently most involved atoms. 

Due to the 3-fold near-symmetric shape of the systems, some modes have virtually the same 

frequency and are associated to similar vibrations. A typical example concerns the three peaks 

associated to the C=O stretching modes of the carbonyl groups in the lactone part of the Ti-enterobactin 

complex with respective frequencies of 1737, 1747 and 1753 cm-1 (after scaling) for the salicylate binding 

mode. This results in a slightly enlarged single peak in the simulated spectrum. 

Electronic transitions have been determined using the Time-Dependent Density Functional Theory 

method [6, 7], on the geometries previously optimized, with the same hybrid functional B3LYP, but with 

a 6-311++G(d,p) extended basis set, [8] still in solvent. For the three structures, the 50 first singlet- to-

singlet transitions have been computed, for the sake of completeness. 
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2. Optimized structures

Figure S8. Optimized structures for a: totally protonated apo-enterobactin; b: [Ti(ent)]2- complex, in the 

“catecholate” binding mode and c: [Ti(entH3)]+ complex, in the “salicylate” binding mode. All structures optimized 

with B3LYP/ [6-31G*; lanl2dz(+,f)+ECP]+D3, IEFPCM implicit water. 

a. Simulated UV-Vis spectra

Figure S9. Simulated UV/vis spectra for: totally protonated apo-enterobactin (ent); (black curve and peaks): 

[Ti(ent)]2- complex, in the “catecholate” binding mode (red) and [Ti(entH3)]+ complex, in the “salicylate” binding 

mode (blue). Spectra obtained using TD-B3LYP/6-311++G**, implicit water on previously obtained geometries. 

Curves obtained by fitting lorentzian functions with a half-height width of 30 nm. 

a b c 
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b. Simulated IR spectra

a) Computed IR spectrum of the totally protonated enterobactin,

Figure S10. Simulated IR spectrum for the fully protonated enterobactin, Data computed at the B3LYP-D3/double- 

z + implicit water, all values scaled by 0.9614. Black curve obtained by fitting lorentzian functions with a half-height 

width of 20 cm-1. Simulated IR spectrum for the totally protonated apo-enterobactin. 

Freq of 

peak 

(cm-1) 

Associated lines 

(cm-1) 

Experimental (cm-1) 

(ent in 10v% 

methanol) 

Attribution 

1056 1026, 1053, 1054 1061, 1074 Internal CC stretch, lactone 

1124 1120, 1122, 1128 1119, 1139 CN stretch, OH bend. (catechol) 

1172 1170, 1170, 1172 1178 Internal CC stretch, lactone 

1209 1205, 1208, 1210 1221, 1236 CH twisting lactone 

1262 

(Coupled) 

1260, 1260, 1261 

1263, 1268, 1269 

1259 

1274 

C-O(H) stretching, catechol, CH-bend,

lactone 

1301 1301, 1306, 1306 1294, 1319 C-H bend + N-H bend (amide III)

1357 1356, 1357, 1357 1355, 1377 OH bending, catechol 

1450 1446, 1448, 1449 1441, 1458 C-C stretch, catechol

1513 1508, 1511, 1514 1499, 1518 NH bending (amide II) 

1600 1597, 1597, 1598 1595 C-C stretch, catechol

1631 1630, 1630, 1631 1618, 1635 C=O stretch (amide I) 

1748 1741, 1741, 1752 1738, 1754 C=O stretch, lactone 

Table S2. Attribution of peaks for the fully protonated enterobactin with corresponding experimental data. 

Attribution was made on the basis of visual inspection of related vibrational modes. Data computed at the B3LYP- 

D3/double-z + implicit water. Original frequencies scaled by 0.9614. 
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b) Computed IR spectrum of the [Ti(entH3)]+ complex, in the “salicylate” binding mode.

Figure S11. Simulated IR spectrum for the [Ti(entH3)]+ complex, in the “salicylate” binding mode. Data computed 

at the B3LYP-D3/double-z + implicit water, all values scaled by 0.9614. Black curve obtained by fitting lorentzian 

functions with a half-height width of 20 cm-1. 

Freq of peak 

(cm-1) 

Associated lines 

(cm-1) 

Experimental (cm-1) 

(Ti-ent complex in PP 

buffer) 

Attribution 

1059 1041,1056, 1059 1041, 1062, 1070 C-O stretch, CH2 wagging, lactone

1182 1176, 1176, 1179 1139 C-O-H bending catechol

1230 

(coupled) 

1212, 1214, 1222, 

1227, 1231, 1231 

1236, 1238 

1205, 1209, 1222 

1224, 1234, 1239 

1241,1243 

C-O(Ti) stretching, catechol

C-H bending, catechol ring

1275 1278, 1278, 1279 1271 C-O (H) stretching, catechol ring.

1327 1325, 1329, 1331 1323 
NH bending (amide III) + CH2 twist, 

lactone. 

1355 1352, 1358, 1363 1357 C-H bending, lactone

1430 1427, 1428, 1430 1443, 1453, 1460 
C-C stretching + C-O(Ti) stretching,

catechol 

1544 

(coupled) 

1538, 1541, 1547 

1551, 1555, 1558 

1570 1588,1600 

1519, 1536, 1549 

1551, 1554, 1558 

1584, 1592, 1614 

C=O stretching (amide I) 

N-H bending (amide II)

C-C stretching, catechol ring

1753 1737, 1747, 1753 Out of range C=O, lactone 

Table S3. Attribution of peaks for the [Ti(entH3)]+ complex, in the “salicylate” binding mode, with corresponding 

experimental data. Attribution was made on the basis of visual inspection of related vibrational modes. Data 

computed at the B3LYP-D3/double-z + implicit water. Original frequencies scaled by 0.9614 
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c) Computed IR spectrum of [Ti(ent)]2- complex, in the “catecholate” binding mode

Figure S12. Simulated IR spectrum for the [Ti(ent)]2- complex, in the “catecholate” binding mode. Data computed 

at the B3LYP-D3/double-z + implicit water, all values scaled by 0.9614. Black curve obtained by fitting lorentzian 

functions with a half-height width of 20 cm-1. 

Freq of peak 

(cm-1) 

Associated lines 

(cm-1) 

Experimental (cm-1) 

(Supernatant) 

Attribution 

1038 1036, 1038 1033, 1043 C-O stretch, CH2 wagging, lactone

1208 

(coupled) 

1204, 1204, 1215 

1207, 1223, 1239 

1198, 1219 

1210, 1228, 1241 

C-C stretch, C-O(Ti) stretch, catechol ring

CH2 twist, lactone 

1238 1233, 1234, 1245 1234, 1244 C-O(Ti) stretch, catechol ring

1275a 1272,1272,1276 1285 N-H bend (amide III)

1431 1429, 1429,1434 1425, 1431, 1438 C-C stretch, catechol ring

1448 1448, 1448,1452 1448, 1452, 1459 C-C stretch. + CO(Ti) stretch. Catechole

1508 1499, 1502, 1514 1491, 1501, 1508 N-H bend (amide II)

1580 1578, 1579, 1580 1570, 1574, 1580 C-C stretch, catechol ring

1636 1634, 1635,1638 1634, 1644, 1661 C=O stretch (amide I) 

1738 1722,1732,1738 Out of range C=O stretch, lactone 

Table S4. Attribution of peaks for the [Ti(ent)]2- complex, in the “catecholate” binding mode, with corresponding 

experimental data. Attribution was made based on visual inspection of related vibrational modes. Data computed 

at the B3LYP-D3/double-z + implicit water. Original frequencies scaled by 0.9614. (a) : this peak is experimentally 

observed but is in the foot of the previous one in the simulated spectrum. 
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Section B: XPS analysis of the TiO2 NPs interaction with Enterobactin 

The elemental composition and chemical states of A12 and P25 samples before and after incubation 

with enterobactin for 24 h were evaluated by XPS that allowed us to analyze the surface of titanium 

powders. The XPS survey spectra of the samples revealed prominent peaks of carbon (C1s), oxygen (O1s) 

and titanium (Ti2p) (Figure S13). After incubation with ent for 24 h, the presence of nitrogen (N1s) 

and phosphate (P2p) peaks (Figure S13b,d) confirms the TiO2 nanoparticles surface modification. In 

adition, nitrogen (N1s) and chlorine (Cl2p) detected in the XPS survey spectra of P25 sample before 

incubation with ent (Figure S13a) could be due to contamination during the synthesis process. 

Figure S13. XPS survey spectra of the P 25 (a, b) and A 12 (c, d) samples analyzed before (a, c) and after (b, d) incubation 

with enterobactin for 24h. 

The high resolution spectra of the C1s peaks of A12 and P25 samples before and after incubation 

with ent for 24 h were presented in Figure S14. The binding energy scale was calibrated to adventitious 

C1s at 284.8 eV. The C1s XPS high resolution spectra have been deconvoluted into three to five 

components. Before incubation with ent of both A12 and P25 samples, the biggest peaks observed in C1s 

high resolution spectra were located at BE of 284.8 3V and were assigned to the C-C/C-H bonds [1]. The 

peaks located at BE at 286. 32 eV in C1s high resolution spectra are attributed to (C–O) [2]. The peak 

observed at BE of 288.94 eV in C1s high resolution spectra of P 25 sample before incubation (Figure S14a) 

could be allocated to NC=O bonds [3]. The peak located at BE at 283.38 eV in the C1s region of A12 sample 

before incubation (Figure S14c) was assigned to C-C bonds [4] while the peaks located at BEs of 287.67 eV 

and 289.48 eV were assigned to C=O/O–C–O and O-C=O [2]. After incubation with ent of both A12 and 

P25 samples, the three most important components were located at BEs of 283.48 eV, 284.8 eV, and 286.34 

eV and were assigned to C- 
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C bonds [3], C-C/C-H bonds [1], and C–O bonds [2]. The component of high resolution spectra of P25 

sample after incubation with ent located at BE of 287.78 eV was assigned to bonds O-C= O bonds [2], while 

the component of high resolution spectra of A12 sample after incubation with ent located at BE of 288.32 

eV was assigned C= O bonds [5]. 

Figure S14. High-resolution XPS spectra of the C1s peaks of the P25 (a, b) and A12 (c, d) samples before (a, c) and after 

(b,d) incubation with ent for 24h. 

Figure S15 corresponds to the high resolution spectra of the O1s peaks of the P25 and A12 samples 

before and after incubation with ent for 24 h. The high resolution spectrum O1s have been deconvoluted 

with three and four components for the P25 and A12 samples, respectively. The components of O1s 

located at binding energies (BEs) of 528.5 eV (Figure S15b), 528.22 eV (Figure S15c) and 528.31 eV (Figure 

S15d) could be attributed to the oxygen in the well-known surface reconstructions on TiO2 nanoparticles 

[6-7] that gives rise to O1s features consistent with nucleophilic oxygen at 528.1−528.5 eV [8]. This peak 

was not observed in the O1s spectrum of the P25 sample before incubation (Figure S15a). For A12, this 

species of oxygen was represented by a peak localized around 528 eV and increased after incubation with 

ent (Figure S15d). The deconvoluted O1s high resolution spectra revealed additional peaks at BEs of 529.98 

eV (Figure S15a), 529.75 eV (Figure S15b), 529.51 eV (Figure S15c) and 529.64 eV (Figure S15d), that can be 

assigned to the Ti-O bonds [9] and to crystal lattice oxygen in O-Ti-O linkage [10]. According with 

previous studies [11], the peaks observed at 529.75 eV (Figure S15b) and 529.64 eV (Figure S15d) could also 

be assigned to the presence of P- O-Ti linkage in the A12 and P 25 samples after incubation with ent. The 

observed peaks at BEs around 530 eV can be assigned to -OH groups as a result of chemisorbed H2O [12] 

(530.61 eV in Figure 3c, 530.93 eV in
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Figure S15a and 530.92 eV in Figure S15b). The peaks located at BEs of 531.64 eV for A12 sample 

before incubation (Figure S15c) can be attributed to C-O bonds [13-14]. The peaks located at BEs of 531.02 

eV for A12 sample after incubation (Figure S15d) can be attributed Ti-OH bonds [15-17]. O1s spectra of 

the A12 sample after incubation (Figure S15d) revealed also a small contribution located at around 

532.32 eV that can be assigned to the chemisorbed oxygen species [12] orto P-O-P bonds [18]. On the other 

hand, previous studies [19, 20] have shown that high-binding-energy oxygen sub-peaks at BEs at 532.0 eV 

and 530.32 eV could occur from a lack of electrons in the non-stoichiometric oxygen atom, which 

corresponds to the oxygen in the Ti–O–N or Ti–N–O bonds, that being in good agreement with our 

results. A tiny contribution located at BE of 532.0 eV was identified for P25 sample before incubation but 

not for A12 sample before incubation and P25 sample after incubation. 

Figure S15. High-resolution XPS spectra of the O1s peaks of the P25 (a, b) and A12 (c,d) samples before (a, c) and after 

(b, d) incubation with ent for 24h. 

The high-resolution spectra of Ti2p peaks of the P25 and A12 samples before and after incubation 

with ent were assessed in Figure S16. 

The high-resolution spectra of Ti2p peak of the P25 sample before incubation (Figure S16a) revealed a 

single component after deconvolution at BEs of 458.74 eV and 464.47 eV with a peak separation of 5.73 

eV. The peaks correspond to the Ti 2p3/2 and Ti 2p1/2 and indicate Ti4+ species are present in the sample in 

agreement with previous studies [21, 22]. 

After incubation with ent for 24h (Figure S16b) the peaks were wider and shifted to smaller BEs which 

led to its deconvolution in two components. The first component was located at BEs of 458.55 eV and 

464.25 eV suitable to the Ti 2p3/2 and Ti 2p1/2 levels of Ti4+ in TiO2 [21] with a peaks separation value of 

5.7 eV in agreement with precedent literature [22]. The second component located at lower binding 

energies with 
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values of 457.20 eV and 462,898 eV highlights the presence of Ti3+ species [4]. This behavior is similar to the 

case where the surface of sample P25 was changed [21]. 

For A12 samples before incubation, Figure S16c shows peaks at 458.73 eV and 457.09 eV assigned to 
the Ti2p3/2, and peaks at 464.50 eV and 462.80 eV assigned to Ti2p1/2, respectively, related to the level of Ti4+ 

and Ti3+ [24-25]. For A12 sample after incubation (Figure S16d) the spectrum two components, which 
correspond to the Ti 2p3/2 (458.32 eV and 459.65 eV) and Ti 2p1/2 (464.27 eV and 465.57 eV) levels 

showing that the oxidation state of titanium is Ti4+ [26-27]. The peak separation of 5.92 eV between the Ti 2p1/2 

and Ti 2p3/2 signals was in accordance with the literature [28]. On the other hand, the origin of the last 

component locate at BEs of 457.01 eV and 462.79 eV was associated to Ti2p3/2 and Ti2p1/2 levels of Ti3+ in TiO2 

[24, 27]. 

From the XPS spectra shown in Figure S16 it can be seen that the proportion of Ti3+ increases in both 
samples after being incubated with ent for 24h, especially in A12 sample. In recent studies, Y.J. Hwang 

et al. [29] demonstrated that the proportion of Ti3+ increases in the presence of oxygen vacancies, which 

indicates that the intensity of the Ti3 + peak is related to surface defects. 

Figure S16. High-resolution XPS spectra of the Ti2p peaks of the P25 (a, b) and A12 (c, d) samples before (a, c) and after 

(b, d) incubation with ent for 24 h 

It should be noted that in the XPS survey spectra (Figure S13) of the P25 and A12 samples

collected before and after incubation with ent for 24 h a peak of N1s was identified. The corresponding 

N1s high resolution spectra were presented in Figure S17. Consistent with previous studies [30-31], N

may be located in interstitial and/or substitution sites. According to the studies of R.G. Palgrave et al. [31], 

the peaks in the range 395.5-397 eV can be attributed to substitutive nitrogen (Nsub). F. Zhou et al. [32] 

and Y. Cong et al. [33] showed that peaks in the range of 398-400 eV could be attributed to interstitial 

nitrogen (Nint). The N1s high resolution spectrum of P25 and A12 before incubation presented a single 

component centered at 400.08 eV (Figure S17a) and 399.61 eV (Figure S17c) that could be attributed to

the interstitial nitrogen (Nint)[32-33]. On the other hand, according to previous studies reported by A. Gao 

et al. [34] we could say that
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the presence of N in P25 and A12 samples before incubation (Figure S17a, c) could be attributed to surface 

contamination during the process of obtaining of TiO2 powders. In the case of the P25 sample after 

incubation, two peaks were highlighted (Figure S17b) centered at 398.62 eV and 400.23 eV that could 

be attributed to the interstitial nitrogen (Nint) [32-33]. For A12 sample after incubation , Figure S17d 

showed three peaks centered at 397.96 eV, 399.61 eV and 401.23 eV. The first two peaks could be 

attributed to substitutive nitrogen (Nsub) and interstitial nitrogen (Nint). According to previous 

studies [35-36], the peak centered at BE of 401.23 eV could be due to N1s binding energy in the 

environment of O-Ti -N. 

Figure S17. High-resolution XPS spectra of the N1s peaks of the P25 (a, b) and A12 (c,d) samples before (a, 

c) and after (b, d) incubation with ent for 24h.

The XPS survey spectra of the samples shows some Chlorine corresponding signal in the P25 sample. 

According to previous studies the presence of traces of Cl appears to be connected to the rutile phase, 

presents in P25 but not in A12 [37]. 

The high resolution spectra of the P2p peaks of P25 and A12 samples after incubation with ent were 

shown in Figures S18. It shows that some phosphate is bounded to the surface of TiO2 particles. The peaks 

located at BEs of 132.2 eV in XPS spectra of the P2p of P25 sample can be associated to the P2p1/2 

orbital of phosphorus (Figure S18b). The P2p orbital of the A12 sample shift to 132.9 eV (Figure S18a). 

According to last studies [38], the peak located at BE of 132.2 eV can be attributed to the PO43– group 

(the P5+ valence state). The BE at 133.85 eV in P25 incubated with ent was assigned to the P2p3/2 component 

that indicate the 
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presence of phosphate with only one hydroxyl unit (Figure S18b). In comparison with the position of the 
P2p component observed in the A12 sample after incubation (Figure S18a) a shift to 134.59 eV was 
observed. In agreement with the previous studies [39], the BE at 134.5 eV suggests that the P2p identified 

could be due to the P in a pentavalent oxidation state indicated by P5+. This studies have shown a slight 

increase in binding energy for samples incubated with ent for 24 hours. 

On the other hand, the peak espected around 128.6 eV characteristic of the binding energy for Ti-P 

[40] was not detected in the samples after incubation with ent for 24h (Figure S18). Since P has an ionic

radius of 0.35 Å it could replace the Ti atoms (knowing that the ionic radius of Ti is 0.67 Å). Phosphate

could be then present in the form of Ti-O-P (as been observed in the high resolution spectra of O1s by the

presence of peaks located at BEs of 529.75 eV (Figure S15b) and 529.64 eV (Figure S15d)). Moreover,

previous studies [41] have shown that surface phosphorus species can contribute to the improvement

properties of doped TiO2. From the analysis of the high resolution spectra of P2p of P25 and A12 samples

after incubation with ent for 24h that shows no Ti-P it confirms that the peaks that appear at the binding

energies of 457. 2 eV (Figure S16b) and 457.09 eV (Figure S16d) are a indicative for Ti3+ that is formed after

reduction of Ti4+. The presence of these peaks indicates that part of Ti has been reduced highlighting the

presence of surface oxygen vacancies [42].

Figure S18. High-resolution XPS spectra of the P2p peaks of the A12 (a) P25 (b) and samples after incubation with ent 

for 24h. 

In summary, from the analysis of XPS, it is clear that changes are observed after the interaction 

with enterobactin. This one is thus bound to the surface. Furthermore, Ti4+ but also a little Ti3+ signatures 

are present in the spectra. Ti3+ increased in intensity after incubation of both P25 and A12 with ent for 24h 

related to surface defects due to the presence of oxygen vacancies. For A12 incubated with ent, Ti-OH 

signature has been observed in O1s spectrum. Furthermore, nitrogen and phosphorus elements (P5+

oxidation state in PO42-/3-) are present in the A12 and P25 sample before and after incubation with ent for 

24h, and some chlorine in P25, all probably due to surface contamination during the process of obtaining 

of TiO2 powders. 
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