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Optimization of the TiO2 NTs synthesis by electrochemical anodization:

Several anodization parameters were studied for the formation of the TiO2 NTs on the FTO 

slides, in Table S1 are reported all these conditions. The increase of the NH4F weight content from 0.3% 

to 0.5% promoted the anodization process (Figure S1a), the anodization time to consume the Ti layer 

and convert it in a transparent TiO2 NTs layer was reduced by half. On the other hand, the increase of 

water volume content from 1 % to 3 %, slowed down the process but it also allowed the formation of a 

more homogeneous NT layer with a less drastic anodization method. As we can observe in Figure S1b, 

the current density final rise was earlier for 3% vol. H2O. The most homogeneous anodization was 

obtained by using 0.5 % wt NH4F with 3 % vol. H2O in ethylene glycol (EG) electrolyte, applying a 

potential of 45 V and 18 °C temperature. However, in these conditions a thin layer of titanium was 

observed on top of the TiO2 NTs after the anodization (Figure S2a). For this reason the temperature was 

increased from 18 °C to 30 °C to eliminate this titanium upper layer, but then the TiO2 NTs appeared 

broken on the SEM images (Figure S2b). Thus, applying an intermediate temperature of 25 °C was 

found to be the optimum temperature to achieve the uniform layer of open-ended TiO2 NTs. Figure S1c 

shows the temperature effect on the anodization speed process for 3 electrodes with the same thickness 

of sputtered Ti layer. Additionally, two different anodization potentials were applied to form the TiO2 

NTs, 45 V and 35 V. The potential is a very important parameter in the anodization technique; the 

applied voltage modifies the electric field between the electrolyte and the oxide layer, thus modifying 

the NTs diameter due to a faster or slower migration of the F- ions from the electrolyte into the TiO2 

layer. Increasing the voltage enhances both the growth rate formation of TiO2 NTs and also the 

dissolution speed of the NTs with the complexation of F- producing [TiF6]2- and as a result, it expands 

the NT diameters [1–4]. The 45 V potential was observed to give better results than the 35 V, the 

anodization was faster and more uniform.
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Table S1. Electrochemical anodization conditions studied to optimize the preparation of TiO2 
NTs on FTO slides.

%w/w NH4F %v/v H2O Temperature Voltage
1%0.3% 2%
1%
2%0.5%
3%

18 °C

0.3% 1%
0.5% 3% 30 °C

45 V

45 V0.5% 3% 24 °C 35 V

Figure S1. Effect of different conditions in 
the anodization process of the TiO2 NTs 
preparation: a) NH4F content (2%v/v H2O in 
EG, 18 °C, 45 V), b) H2O content (0.5%w/w 
NH4F in EG at 18°C, 45 V) and c) 
temperature (3%v/v H2O, 0.5%w/w NH4F in 
EG, 45 V).



Figure S2. Cross-section SEM images tilted at 45° of electrode A prepared at different 

electrochemical anodization temperatures: a) 18 °C and b) 30 °C. The other anodization 

parameters were maintained the same:  0.5 % wt NH4F with 3 % vol. H2O in EG at 45 V.

Figure S3. XRD analyses of TiO2 NTs of electrode A and B and sputtered Ti on FTO.



Figure S4. a) Current-voltage graphs of DSCs with electrode of 8.8 µm TiO2 NTs length on 
titanium foil grafted with B1, B2 and B3 dyes and b) IPCE graphs of the same cells.
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Figure S5. Power conversion efficiency vs.TiO2 NTs length of reported DSCs with Ruthenium 
dyes (N719 or N3 dyes) from references [3,5–30], the results reported in this manuscript are in 
red.

Table S2. Photovoltaic and IPCE parameters for the DSCs obtained with electrode of 8.8 µm 
TiO2 NTs length grown from titanium foil and grafted with B1, B2 and B3 dyes. Quantity of 
dye adsorbed measured by dye desorption.

Dye
VOC

(V)

JSC

(mA·cm-2)

FF

(%)

PCE 

(%)

Dye adsorbed on 

the TiO2 NTs

(10-8 mol·cm-2)

IPCE

(at λmax)

(%)

B1 0.29 1.57 49 0.22 3.6 20 % (515 nm)

B2 0.34 2.61 37 0.33 0.6 38 % (685 nm)



B3 0.39 2.19 55 0.47 1.0 61 % (680 nm)
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Figure S6. Power Conversion Efficiency with time of DSCs with 4.4 µm TiO2 NTs length 

(electrode B) and N719 dye or B3 dye.

Table S3. Fitted results of EIS on DSCs with electrode A and B applying the dye N719 and 
B3. Electron lifetime (τ) measured from the frequency peak of Bode representation. 

Electrode

NT length

(µm)
Dye

Voltage

(V)

R1

(Ω)

C2

(F)
a2

R2

(Ω)

C3

(F)
a3

R3

(Ω)

τ

(ms)

0.6 - dark 108 5.4 10-7 0.80 15 1.4 10-4 0.87 327 22
A 2.4 N719

0.6 - light 107 5.3 10-7 0.80 13 1.3 10-4 0.86 130 12

0.6 - dark 95 1.0 10-6 0.80 15 4.2 10-4 0.83 144 38
B 4.4 N719

0.6 - light 94 1.3 10-6 0.80 15 3.4 10-4 0.81 83 23

0.4 - dark 68 1.5 10-6 0.80 11 2.2 10-4 0.92 2409 96
A 2.4 B3

0.4 - light 67 1.8 10-6 0.80 8 2.2 10-4 0.93 590 38

0.4 - dark 76 1.1 10-6 0.80 21 2.8 10-4 0.91 257 45
B 4.4 B3

0.4 - light 75 9.1 10-7 0.80 20 2.7 10-4 0.90 131 23



Figure S7. Bode plots of the EIS measurements for a) dye N719 based DSCs at 0.6 V and b) 

dye B3 based DSCs at 0.4 V.

Figure S8. IPCE peaks of DSCs with electrode B without dye (black line) and with dye B3 
(blue line).
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