Mesoporous TiO, thin films by soft-templating :
How to reach crystallization
without mesostructure collapse?
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/ Introduction \ / Film preparation

) Dye Sensitized Solar Cel.ls (DSSC) are attracting ‘::\ lot of 1. Dip coating 3. Calcination (C)
interest as cheap alternatives to the current Si-based
technology for photovoltaic conversion. Light is absorbed by
dye molecules impregnated on a porous TiO, electrode, l T Influence of relative humidity (RH)
therefore high surface area is necessary to enhance dye
loading. —

Mesoporous TiO, films obtained by surfactant-assisted A= —)K: *
sol-gel techniques such as Evaporation-Induced Self \/\ﬁgl _)K‘ *
Assembly (EISA) offer good pore accessibility. However, as- :{‘,_\:\ _*‘ 15'@ 300°C
obtained films are amorphous and must be crystallized into Solution: .l/ /;"i ‘)K‘
the anatase phase to achieve good performances. At the « Butanol ‘f\‘ 'i—‘ -)K.'*‘ « Evaporation of solvent  * Thermal decomposition
same time, it is necessary to control the crystallite growth « Ti(OiPr), - and volatile species of PEO-PPO-PEO micelles
to prevent a collapse of the mesostructure. This requires a « PEO-PPO-PEO « Condensation of « Further condensation
careful tuning of the heat treatment. QG inorganic network « Crystallization /

Mesostructures / Multilayer deposition \

Higher relative humidity leads to long-range ordered mesoporosity. Too high
temperatures or too long treatments result in collapse of mesostructure. ‘ 1 ‘ ?

(5C)" scheme :
‘ ? C C . Calcination after each layer

-> surface area limitation
Pid Zukalova et al, Nano Lett. 5 (2005) 1789

(555€)™3 scheme :
C  Calcination every 3 layers
- >2?? /

Comparison of (SC)" and (SSSC)™3 schemes

Single layer films on oxidized silicon substrates were characterized by poroellipsometry, transmission electron microscopy and grazing incidence X-ray diffraction.
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CONCLUSION of comparison (SSSC)* /(SC)* - Less film contraction and larger surface area in (555C)* due to improved condensation of inorganic network at 300°C
-> Lower crystallite size in (555C)* prevents mesostructure collapse
-> Additional stabilisation steps delay crystallization in (555C)*

Delayed crystallization due to indium diffusion \ . Wefarwes N

*TiO, multilayer thick films (up to 4 um) with ordered mesoporosity: influence

Films on indium tin oxide (ITO)-coated glass or fluorine-doped tin oxide (FTO)-coated glass were of template on the film mesostructure and use as high efficiency

o . . PSR ~ . . photoelectrode in DSSCs, J. Dewalque, R. Cloots, F. Mathis, O. Dubreuil, N.
heated at 350°C for 2 h and characterized by EDX analysis and grazing incidence X-ray diffraction. Krins, C. Henrist, ). Mater. Chem., 21 (2011 7356,

FTO * Microstructural evolution of a TiO, mesoporous single layer film under

. . calcination: Effect of stabilization and repeated thermal treatments on the
L TiO, on ITO ! -+ FTO glass substrate film crystallization and surface area, J. Dewalque, R. Cloots, O. Dubreuil, N.
—TiO, on FTO T — ITO glass substrate Krins, B. Vertruyen, C. Henrist, Thin Solid Films 520 (2012) 5272.

« Control of the porosity of anatase thin films prepared by EISA: Influence of
thickness and heat treatment, C. Henrist, J. Dewalque, F. Matbhis, R. Cloots,

wicroporous Mesoporous Mater. 117 (2009) 292. /
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