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This section was elaborated to support the results of manuscript, here many 

experiments were included like EDS, dye degradation using a UV lamp without catalyst, 

degradation using scavengers and TRPL study. 

 

1.- The elemental chemical composition of TiO2 nanostructures on titanium foil are 

shown in Table S1. As can be noticed, chemical elements such as N and F were detected, 

which correspond to the organic electrolyte solution [1]. The relationship between O 

and Ti is closed to stoichiometry for TiO2-nt. Whereas self-assembled nanostructures 

had a lower oxygen content, which may be related to defect states, specifically oxygen 

vacancies due to deficiency of oxygen in the TiO2 film [2, 3]. According to D. Acharyya 

et al., the non-stoichiometry of metal oxides can be caused by titanium interstitials 

and oxygen vacancies [3-5]. 

 

Table S1.  Summary of elemental composition of TiO2 nanostructures. 

Nanostructure N At% O At% F At% Ti At% 

TiO2-nt 5.92 58.72 1.13 31.62 

TiO2-nc 7.1 42.76 9.29 34.3 

TiO2-ns/TiO2-nc 7.19 45.69 6.65 34.19 

TiO2-nb/TiO2-nc 5.69 42.13 7.93 41.99 

 

 

2.- XRD patterns of TiO2 nanostructures are illustrated in Figure S1. The Ti peaks 

were localized at 25°, 48°, 54°, 55°, and 62.8° corresponding to the planes (101), 
(200), (105), (211), and (204), respectively. Moreover, the planes of anatase phase 
(101), (004), (200), (105), (002), (220), (215) and (301) were localized at 25.25°, 

37.92°, 48.02°, 54.55°, 62.71°, 70.30°,75°, 76.02°, respectively [2, 6-8]. A 

significant intensity of plane (101) was observed for nanotubes, which had the highest 

intensity. In contrast, the TiO2-nb/TiO2-nc had a lower intensity than other TiO2 

films. From Raman characterization, an effect of thickness on intensity can be 

observed. Therefore, the XRD results confirms the thickness effect on structural 
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properties. Other important plane of nanostructures is the plane (002), which had a 

similar intensity for the four films. 

 

Figure S1.  Summary of elemental composition of TiO2 nanostructures. 

 

3.- The scavenging experiments were carried out to analyze the active species on  

TiO2-ns/TiO2-nc. According to Nobuaki Shimizu et al. methanol is used as the scavenger 

of h+, whereas 2-propanol is used for OH-. Superoxide dismutase was used as scavenger 

for superoxide radical anions [9-11]. As can be observed in Figure S2, the degradation 

of methylene blue decreased with h+ scavenger to 33.6%. When the OH- scavenger is 

used, the degradation also decreases (52.8%). A lower degradation was observed using 

O2.- scavenger of 31.21%. Therefore, the key active specie for TiO2-ns/TiO2-nc is O2.-. 

Due to the elimination of O2.-, the degradation was decreased.  

These results help to understand the importance of oxygen vacancies in TiO2 film. 

As is known, oxygen vacancies are electron donor sites, when O2 is absorbed by oxygen 

vacancies, it reacts with electrons to form superoxide radicals. 

Oxygen vacancies in combination with holes and hydroxyl radicals promote reduction 

and oxidation processes for catalytic performance [9-11]. 
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Figure S2.  Photodegradation of methylene blue using TiO2-ns/TiO2-nc, and scavenging experiments. 

 

 

4.- In order to understand the effect of oxygen vacancies on catalysis, the TRPL 

spectra are illustrated in Figure S3. Here, the TRPL spectra were calculated at 418 

nm, 448 nm, and 532 nm, which correspond to STE, Vo*, and Vo**, respectively. The 

lifetime was determined by a three-exponential decay function and tav (ns) was 

calculated according to equation of the reference [14-15]. According to PL results, 

the sample studied here has the highest number of Vo*. 

 

 

Figure S3.  TRPL spectra of TiO2 nanomaterial with higher number of oxygen vacancies. 
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As it can be seen, in Table S2, the lifetime of carriers increases significantly at 

448 nm, which is related to single-ionized oxygen vacancies. Also, the lifetime of 

carriers increases with peak correspondently to doubly-ionized oxygen vacancies. To 

validate the effect of concentration of oxygen vacancies in Table S2, is shown the 

lifetime of TiO2 nanomaterial with the lower amount of single-ionized oxygen vacancies 

(peak at 448 nm*). Therefore, the amount of oxygen vacancies increases the lifetime 

of photogenerated carriers, and this affects the catalysis process because more active 

species participate in the reduction and oxidation processes [8, 14, 15]. These 

results are similar to other reports where determined the effect of oxygen vacancies 

on catalytic activity [14-17]. 

 

 

Table S2.  Lifetime of photogenerated carriers of TiO2 materials. 

Peak t1 (ns) t2 (ns) t3 (ns) tav (ns) 

418 nm 3.74 3.74 52.68 27.71 

448 nm 2.78 38.06 358.95 55.21 

532 nm 3.96 61.32 310.29 215.48 

448 nm* 35.88 2.41 250 

 

64.25 
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