
METHODOLOGY

• To activate the FTO glass surface, the FTO-coated glass was cleaned by 
immersing it for 2 min in HNO3. Then it was washed with distilled water, 
rinsed with isopropanol and air dried.
• Synthesis of the NRs, the FTO substrate must be pre-treated by 
immersing it for 30 min at 70 °C in a 40 mM TiCl4 aqueous solution, then 
wash the substrate with DI water and isopropanol, air dry and place it for 10 
min on the template at 100 °C.
• Synthesis of TiO2 NRs, a 5:1 molar ratio solution of HCl in H2SO4, was 
prepared in 30 ml of distilled water and agitated for 30 min, subsequently, 1.5 
ml of titanium (IV) butoxide is added and agitated for another 30 min. Then 
the pretreated semiconductor glass was placed in the autoclave, with the 
conductive side facing down, at an angle of 45° with respect to the wall 
Teflon container. The sample was incubated in the oven at 180 °C for 4 or 8 
hours and cooled in water.

RESULTS AND DISCUSSION
Crystallinity and phase analysis

• It can be inferred that the longer the incubation time, the more 
pronounced the XRD peaks are. 
• In the only sample with pretreatment, no changes in XRD peaks were 
observed so it can be concluded that pretreatment did not improve TiO2 
formation.
• These results indicate TiO2 NRs crystallized in anatase phase. 

Surface morphology

• The TiO2 submicron size spheres are well-defined spherical structures 
composed of aggregates of smaller TiO2 NRs that were uniformly 
distributed over the entire surface
• We can see that the synthesized particles have a spherical shape with 
good dispersion, less agglomeration of nanoparticles
• The average measure of the diameters of the NRs synthesized at 
different temperatures,  was 285 nm, with a standard deviation of 56,7 
nm that indicates how scattered the data is from the mean diameter size 
of the nanorods. 

UV-visible transmitance

• The results demonstrate that there is a slight increase in the 
transmittance of the TiO2 NRs that were previously treated with TiCl4 
(TNR-P-403), in the UV region before 350 nm due to a narrow bandgap. 
Demonstrating an efficiency in the previous treatment of the samples in 
decreasing the bandgap.

TEM and SAED

• The TEM images show the TiO2 NRs on the FTO substrate which 
demonstrates successful growth of NR morphology with the hydrothermal 
method.
• In figure 5(a) inset the reflections of SAED correspond to the (2 0 0) plane 
and (2 2 0) plane were found. In figure 5(b) inset the reflections (2 0 0) and    
( 1 1 6) planes were found, both coinciding with the theoretical planes for the 
anatase crystal. 
• The TEM images and SAED patterns correspond to single crystal NRs 
with defects and presence of smaller crystallites. The average length of the 
nanorods is 411 nm.

• Photovoltaic cells transform sunlight into electric current based on two processes: the absorption of photons, which generates an electron-hole pair, 
and the transport of electrons to the external circuit.
•  DSSCs are an attractive photovoltaic technology due to their high absorption capacity, low cost and low environmental impact. DSSC’s high- 
performance photoanodes have a fast electron transport, excellent light scattering capability, and a high specific surface area.
• TiO2 is an n- type semiconductor that is characterized by its chemical stability, low toxicity, low cost and high energy conversion efficiency, so it is a 
material that could potentially solve the issue regarding the high cost and low energy density of the photovoltaic cells in the market.
• One-dimensional TiO2 NRs have shown a better performance than other morphologies like nanoparticles (NPs). It has been demonstrated that use of 
NRs morphology in DSSC result in increase of power conversion efficiency (PCE) from 1.49% in NP to 3.37% in NR-NP, as TiO2 nanorod arrays provide a very 
high surface area.
• Hydrothermal synthesis is a simple and low-cost method, which also allows the optimization of the morphology and optical and structural properties 
of materials through the controlled adjustment of vapor pressure and temperature.

Figure 2.  XRD patterns of TiO2 NRs grown at different reaction conditions.

Figure 1. Synthesis of TiO2 NRs on FTO by hydrothermal method

Figure 3.  Surface view SEM micrograph of anatase TiO2 NRs grown at different conditions (a) 
TNR-NP-402, (b) TNR-NP-805, (c) TNR-NP-806, and (d) TiO2 nanoparticles TNP07. (a), (b), (c) and (d) 
images are at 30 µm. More detailed view with HD SEM micrograph of anatase TiO2 NRs (e)(f) 
TNR-NP-402 and (g)(h) TNR-P-403.

Figure 4. UV-Visible transmittance spectra of TiO2 NRs grown at different. 

Figure 5.  TEM and HRTEM images of a) TNR-NP-806_0024 100 nm, b) TNR-NP-806_0033 50 
nm.reaction conditions.
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ABSTRACT
• Titanium dioxide (TiO2) is a very effective photocatalyst that has stood out 
between the different photoanode materials for its morphology, bandgap 
alignment and phase growth.
• TiO2 nanorods were synthesized on a fluorine doped tin oxide (FTO) 
substrate by hydrothermal method using TiCl4, H2O, and HCl as the titanium 
precursor, oxygen source, and inhibitors respectively.
• The synthesized nanorods were characterized by X-ray diffraction (XRD) 
which confirmed the presence of anatase TiO2 nanorods.
• Scanning electron microscope (SEM) analysis was also performed to 
study the surface morphology of the samples.
• This material is promising for application in photocatalysis and sensitized 
solar cells.

INTRODUCTION

• TiO2 NRs were synthesized in a FTO substrate by the hydrothermal 
method
•  The identified phase by XRD in all the NRs samples is anatase, a preferred 
phase for DSSC because it enhances dye anchoring, 
•  The SEM images showed well-defined spherical submicron size 
structures composed of aggregates of smaller TiO2 NRs 
•        We used TEM to analyze the NRs of sample TNR-NP-806, we identified 
the (2 0 0), (2 2 0) and (1 1 6) planes which are part of the anatase phase and 
calculated the zone axis, which is [0 6 1]. 
• The UV-Visible analysis allowed for a further comprehension of the 
optical properties of the synthetized TiO2 NRs, demonstrating that a 
previous treatment with TiCl4 enhances the absorption capabilities of the 
NRs, thus decreasing the bandgap. 
• The nanorods fabricated in this research by the hydrothermal method 
present the anatase phase that can be used for efficient anchoring of the 
dye in the DSSC photoanodes. 

CONCLUSIONS
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