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(b)            𝑁𝑚 = 𝑁𝑚 =
(

∆𝑚2
𝑚2

 − 
∆𝑚1
𝑚1

) × 𝒩𝐴

M(𝑚2) × SBET × 1018 

 

Figure S1. (a) TGA curves of bare TiONts under air atmosphere and theoretical calculation of 

the hydroxyl rates. (b) Theoretical calculation for the graft ratios of functionalized-TiONts. 
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The ratio for the hydroxyl group at the surface of bare TiONts is calculated from the 

equation presented in this graph, knowing that the condensation of one water molecule 

involves two hydroxyls. This mass loss is correlated with chemisorbed water using the 

mass derivative curve between 190 and 800 °C, while the first loss is mainly due to phy-

sisorbed water. NOH is the is the number of the hydroxyl groups per nm2, ∆m/m is the 

relative mass loss of chemisorbed water determined by derivative curve (Δ𝑚 is the mass 

loss of chemisorbed water (g) and m is the initial mass (g) of the sample TiONts), 𝒩𝐴 is 
Avogadro’s constant, MH2O is the molecular weight of water (g∙mol−1), SBET is the spe-

cific surface area (m2∙g−1) and 1018 is a factor to obtain a ratio per nm2. 

Mass losses increased as additional organic moieties were added to TiONts at each 

successive step of grafting. Nm  is the number of grafted m molecules per nm2. 

(
∆𝑚2

𝑚2
 −  

∆𝑚1

𝑚1
) is the difference in relative mass loss between two samples due to grafted 

organic matter; Δm, which is the mass loss of considered molecule (g), is determined from 

the second inflection (initial temperature degradation) to 800 °C in derivative curves (Fig-

ure 3) (the first inflection is mainly due to physisorbed water) and m is the initial mass (g) 

of the considered sample. 𝒩𝐴  is Avogadro’s constant, M(𝑚2) is the molecular weight of 

the degraded molecule (g∙mol−1), SBET is the specific surface area (m2∙g−1) and 1018 is a fac-

tor to obtain a ratio per nm2. 

 

 

Figure S2. TEM images show the evolution of the dispersion (a) before and (b) after APTES grafting 

on TiONts surface. 
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Figure S3. (a) Maleimide reacts specifically with a thiol function at pH < 7.5 and (b) lose its specific-

ity to react either with a thiol function or with amine function at pH > 7.5. 

 

 

 

(c) 

Sample 

Initial tem-

perature of 

degradation 

(°C) 

Relative 

mass loss 

(%) 

Degraded molecu-

lar weight 

(g.mol-1) 

Molecule∙nm-2 

(average) 

Number of 

grafted molecules 

per TiONt (*) 

TiONts 190 2.6 18 10.6 (  1.5) OH - 

TiONts-APTES 175 6.3 58 5.3 (  0.5) NH2 14,230 

TiONts-PEG3000-

Boc 
165 13.2 3173 

0.060 (  0.003) PEG3000-

Boc 
330 

TiONts-PEG3000-

Boc + DTX-PMPI 
150 17.9 1022 0.13 (  0.01) DTX-PMPI 710 

(*) The number of grafted molecules per TiONt was estimated by means of geometrical calculation considering only the external 

surface of TiONts. 
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Figure S4. (a) Polymer (Boc-NH-PEG3000-COOH; M = 3173 g∙mol−1) having an inactive function (Boc) 

and carboxyl function to react with an amine group via peptide coupling and (b) TGA curves show-

ing the adsorption of DTX-PMPI upon contact between TiONts-PEG3000-Boc and DTX-PMPI 

(TiONts-DTX were washed by dialysis and ultrafiltration (100 kDa)). (c) Results of relative mass loss 

and graft ratio of bare TiONts, TiONts-APTES, TiONts-PEG3000-Boc and after mixing DTX-PMPI 

with TiONts-PEG3000-Boc. 

TGA curves showed the presence of modified-DTX on direct contact with an inactive 

polymer grafted onto TiONts-APTES bearing a Boc function (the presence of which pre-

vents any chemical reaction with DTX; PEG MW = 3000 g∙mol−1, ref. PEG1073), instead of 

a thiol group. This result demonstrated that there was another interaction mode between 

DTX-PMPI and TiONt-PEGn in our study despite repeated purifications. Consequently, it 

cannot be excluded that DTX-PMPI clung/adsorbed to amine groups of APTES no 

functionalized by PEGn, could be in the cavity of nanotubes and/or be trapped within 

PEGylated chains. 

 

 


