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PROJECT TITLE / JOB POSITION TITLE: 
 

 

TiO2 Nanotubes reactors for hydrogen production synthesized through bipolar 
electrochemistry anodization routes. 
 

 
 
RESEARCH PROJECT / RESEARCH GROUP DESCRIPTION: 
(2.000 characters – including spaces) 
 

Hydrogen is an ideal clean fuel that can be obtained from water, an available renewable 
resource. Since the discovery of TiO2 -based photo-electrolysis of water in 1972, [1] a variety 
of semiconductors have been tested for hydrogen generation via photocatalytic water 
splitting [2,3].  TiO2 Nanotubes (NT) microreactors are optimal for photocatalytic reactions, 
given the proven photocatalysis of TiO2, the high mass and photon transfer towards the 
photocatalyst, large surface area/volume ratios, high spatial illumination homogeneity and 
good light penetration. However, improvements are needed for water splitting (hydrogen 
formation). Efforts in controlling morphology and nanostructure, wall thickness, hole 
diameter and pore density are required to reach optimal gas/liquid dynamics. Also, 
optimization of Band gap on the TiO2-NTs through doping may be needed.  
Although direct-contact anodization of Ti to form TiO2 nanotubes is known [4], bipolar 
electrochemistry based on induced dipoles on conducting Ti may allow an anodization process 
where order is enhanced. Growth will start at the induced anode, but the insulating character 
of TiO2 is expected to shift the center of the dipole, and thus TiO2 growth may reach the 
opposite pole, aligned with the imposed field [5].  
The objectives of this project focus on 1) the design of an ordered array of TiOs-NTs using 
bipolar electrochemical anodization and 2) evaluation of its efficiency as catalyst to produce 
H2 from H2O. 
The project is developed through collaboration of SSC and Surfaces groups. 
The Electrochemistry-Electroactive Mat. Lab has the expertise and equipment for the 
electrochemical synthesis of oxides, electrodeposition, doping, anodization, and the study of 
impedance and mass changes through ECQM. The Surfaces Group is expert on film growth, 
metal deposition, catalysis and surface characterization in operando and in-situ conditions. 
Both have directed 10 PhD thesis, and a number of Masters, TFG and postdocs.  
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(2.000 characters – including spaces) 
Include all the relevant information about the position, role, responsibilities and skills required within the 
project/group 

 

The work will focus in various key aspects: 
1.Synthesis of TiO2 will be performed by electrochemical anodization of Ti metal through 
direct contact (reference case) and in immersed non-contact situations, using  various 
electrolytes.  
2.Cell design for electric field geometry optimization will be tackled, through empirical 
parameters and with finite element calculations. 
3.The optimal reagents, concentrations, applied voltage and temperatures will be determined 
4.Characterization using XRay diffraction, SEM, TEM , XPS in a continuous feedback with 
synthesis will allow to determine the optimal conditions in which nanotubes form.  
5.The length , diameter, wall size and defect structures will be determined using SEM and 
TEM and correlated with reactivity 
6.Water splitting efficiencies will be determined using voltammetry in presence and absence 
of UV-Vis light 
7.Time evolution of the photocatalysis efficiency will be studied to determine aging and 
cyclability, as well as stability of the nanostructure and chemistry of the oxide 
8.ECQM studies will determine the possible reactivity in the electrolyte, and formation of 
additional TiOx, and MxTiO2 structures 
 
 
The ideal candidate must have education in materials science and electrochemical processes. 
The work carried out will involve learning in structural and microscopy techniques, as well as 
advancement in electrochemical techniques 
It is also expected an initiative to study state of the art and new advancements, to suggest 
and discuss new experiments. Fluency in English is required. 
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Title: Prof. / Dr.  
Full name: Nieves Casañ-Pastor  / Xavier Torrelles 
Email: nieves@icmab.es / torrelles@icmab.es  
Research project / Research Group website:  Solid State Chemistry / Surfaces 
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