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The semiconductor titania, in its anatase polymorph, has considerably contributed to the fast 
growth in the field of dye-sensitized solar-cells (DSSCs) which combine a dye-sensitized titania 
structure with a hole-conducting electrolyte [1]. The structure of the titania has to be controlled on 
several length scales for this application. A large surface-to-volume ratio is necessary as the charge 
separation only takes place at the interface between titania and the dye. Larger structures are 
necessary to trap as much light within the active layer of the cell as possible. Out of the many ways 
to structure titania thin films, sol-gel synthesis with a structure-directing microphase separation of a 
diblock copolymer can be further improved by controlling the fast reaction kinetics in a micro-
fluidic cell [2]. 

Sol-gel templating of titania thin films with the amphiphilic diblock copolymer poly(dimethyl 
siloxane) – block – methyl methacrylate poly(ethylene oxide) PDMS-b-MA(PEO) is combined 
with the usage of a micro-fluidic cell to control the structure formation. Due to the laminar flow 
conditions in the micro-fluidic cell a better control of the local composition of the reactive fluid is 
achieved. The structure-directing diblock copolymer is dissolved in tetrahydrofuran (THF) and 2-
propanol and the titania precursor titanium tetraisopropoxide (TTIP) as well as hydrochloric acid 
(HCl) are added to the polymer solution and stirred for 60 min for the usual sol-gel templating 
without the usage of the micro-fluidic cell [3]. For a better control of the reaction kinetics the 
polymer solution with HCl is mixed with the titania precursor TTIP and the same solvents in a 
micro-fluidic cell with well-defined flow rates from 0.5 ml/min up to 5 ml/min [2]. The resulting 
sol-gel is spin-coated on pre-cleaned silicon substrates and calcined at 650 °C in air for 24 h to 
remove the polymer. 

Figure 1 shows SEM graphs of titania structures prepared with sol-gels without and with the usage 
of the micro-fluidic cell. The titania films exhibit mesopores and macropores, where the mesopores 
in the film structures templated without the micro-fluidic cell appear to have a larger distribution of 
pore sizes which are less ordered than in the case of the structures templated with the sol-gel mixed 
in the micro-fluidic cell. 

 

Figure 1: SEM image of the calcined titania structure templated with the sol-gel  
without micro-fluidic cell (a), and with micro-fluidic cell (b). 



Information on the morphology in the volume of the film is gained from grazing incidence small 
angle X-ray scattering (GISAXS) at the HASYLAB beamline BW4. Synchrotron radiation with a 
wavelength of 0.138 nm and an incident angle of 0.36° on the surface of the films is used for the 
measurements. The sample-to-detector distance is set to 2 m. The scattered signal is detected with a 
two-dimensional MarCCD detector with 2048×2048 pixels of a pixel size of 79.1×79.1 µm2 and an 
active area of 165 mm in diameter. Figure 2 shows representative 2d GISAXS scattering patterns of 
a titania structure templated with a sol-gel without the usage of the micro-fluidic cell and of a 
titania structure templated with a sol-gel mixed with a flow speed of 0.5 ml/min in the micro-fluidic 
cell as well as line cuts in horizontal direction. For the structures templated with the sol-gel without 
the usage of the micro-fluidic cell structure factor peaks corresponding to sizes of 36 nm and 21 nm 
can be observed without higher order peaks. For all the structures templated with the sol-gel mixed 
in the micro-fluidic cell a constant structure factor peak position with higher orders corresponding 
to a disordered hexagonal arrangement of the mesopores is observed. This structure factor 
corresponds to a distance of about 25 nm. Structure information on larger pores is hidden in the 
resolution of the setup (shown with the dashed line in figure 2c). 

 

Figure 2: GISAXS scattering pattern of the calcined titania film templated with the sol-gel without micro-
fluidic cell (a) and with micro-fluidic cell (b), as well as out-of-plane cuts at the qz-value of titania (c). The 

cut of the structure templated without the usage of the micro-fluidic cell is labelled ‘normal sol-gel’, the flow 
rate used in the micro-fluidic cell for the other cuts increases from 0.5 ml/min to 5 ml/min from bottom to 

top. The cuts are shifted along the intensity axis for illustrative purposes. 

The porosity of the titania film can be determined to 0.72 up to 0.79 from the scattering length 
density of the material, gained from the GISAXS signal. Optical measurements reveal an increased 
light scattering for the samples templated with the sol-gel mixed in the micro-fluidic cell by 25 % 
as compared to the structures templated with the sol-gel mixed without the usage of the micro-
fluidic cell. These properties make the ordered structures promising for applications in DSSCs. 

To conclude, we have demonstrated an easy one-step route to prepare titania structures by a 
combination of micro-fluidics and block-copolymer based sol-gel templating. GISAXS 
measurements at BW4 reveal structures in the volume of the films with higher order. 

References 
 

[1] B. O’Regan, M. Grätzel, Nature 353, 737 (1991). 
[2] M. Rawolle, M.A. Ruderer, S.M. Prams, Q. Zhong, D. Magerl, J. Perlich, S.V. Roth, P. Lellig,  

J.S. Gutmann and P. Müller-Buschbaum, accepted in Small (2011), doi.org/10.1002/smll.201001734 
[3] G. Kaune, M. Memesa, R. Meier, M.A. Ruderer, A. Diethert, S.V. Roth, M. D’Acunzi,  

J.S. Gutmann, P. Müller-Buschbaum, ACS Appl. Mater. Interfaces 1, 2862 (2009). 


