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Since the discovery of splitting water at semiconductor 

electrodes, titanium oxide has been investigated as a 

photocatalyst for light-induced water splitting. It is still 

considered as an environmentally friendly catalyst or catalyst 

support. While crystalline titanium oxides have been studied 

extensively due to lower probability of recombination centres 

for the charge carriers, amorphous titanium oxides are also 

considered as promising photocatalysts. Titanium oxides 

synthesized via the direct injection of the titanium alkoxide 

precursor into the reaction solution were reported to exhibit 

higher photocatalytic activity for H2 generation compared to 

the crystalline TiO2 benchmark catalyst P25.[1] X-ray 

diffraction showed that the materials prepared by the direct 

injection method are lacking long-range order. 

Understanding the reasons for high activities reported for the 

amorphous catalysts necessitates to determine the structure-

property relationship. This has been a challenge due to the 

complications of structure investigations of amorphous 

materials. Local structures of non-crystalline materials are 

not accessible by conventional X-ray diffraction methods. 

Therefore, local probes such as the analysis of the total 

scattering data and the subsequent pair distribution functions 

(PDF),[2] which provide information at the atomic scale, are 

required. 

In this study, the evolution of the local structure from the 

molecular precursor to the amorphous solid and later the 

effects of short and long term photocatalytic process were 

investigated mainly by the analysis of the PDFs obtained 

from X-ray total scattering data. Additionally, scanning 

transmission electron microscopy (STEM)- electron energy 

loss spectroscopy (EELS) techniques were used to shed light 

on the effects of post-UV illumination on the coordination 

environment. 

PDF analysis reveals that the formed titanium oxide 

photocatalysts exhibit ordered domains with anatase-like 

arrangement of less than 7 Å in size. During photocatalytic 

process, the reaction suspension is illuminated under 

ultraviolet (UV) light. This induces the change of the colour 

of the suspension from white to dark blue as an indication of 

the formation of reduced Ti centres (Ti3+).[3] The catalytic 

process takes 2 hours, whereas it was extended to 24 hours in 

order to examine the effects of longer periods of UV 

illumination. The products of the suspensions which were 

exposed to 2 and 24 hours of UV light was examined by PDF 

analysis and spatially resolved EELS. 

References 

[1] D. Zywitzki, H. Jing, H. Tüysüz, C. K. Chan J. Mat. 

Chem. A, 5 (2017) 10957-10967. 

[2] P. Juhás, T. Davis, C. L. Farrow, S. J. L. Billinge J. Appl. 

Cryst., 46 (2013) 560-566. 

[3] E. Onur Şahin, Y. Dai, C. K. Chan, H. Tüysüz, W. 

Schmidt, J. Lim, S. Zhang, C. Scheu, C. Weidenthaler Chem. 

Eur. J., (2021) https://doi.org/10.1002/chem.202101117. 

Acknowledgements 

E. O. S. acknowledges the International Max Planck 

Research School for Interface Controlled Materials for 

Energy Conversion (IMPRS-SurMat) for funding. C. K. C. 

and J. L. would like to thank the Alexander von Humboldt 

Foundation for support of this work through a Humboldt 

Research Fellowship. C. W., Y. D., and H. T. thank the Max 

Planck Society for basic funding. We acknowledge Diamond 

Light Source (proposal EE12102-1) and Deutsches 

Elektronen-Synchrotron (proposal I-20190175) for beamtime.

 
 
 
 
 
 

Ezgi Onur Şahin is a graduate of Middle East Technical University Department of Metallurgical and 

Materials Engineering. She obtained her M.Sc. from the same department. She worked as a doctoral research 

fellow at the Max-Planck-Institute für Kohlenforschung while she attended International Max Planck 

Research School for Interface Controlled Materials for Energy Conversion. She obtained her Ph.D. from 

University of Duisburg-Essen Faculty of Chemistry. Her research interests include local structure analysis 

by X-ray total scattering methods, photocatalysis, amorphous ceramics and crystallisation. 

Presenting author: Ezgi Onur Şahin, onur@mpi-muelheim.mpg.de 
 

Photo of the 

presenting  

author 

20X25 mm 

 

Figure 1. Injection of the trimeric precursor (a) into the solution 

mixture yields the formation of TixOy units (b). Upon UV 

illumination, the reaction suspension changes colour (c and d) 

indicating the formation of reduced species. 


