
Is TiO2 cleaning our wastewater in the future?
Maria von Einem1, Wilke Dononelli1, Giancarlo Franzese2, 

Susan Köppen1

1 University of Bremen, Am Fallturm 1, Bremen, Germany
2 University of Barcelona, Marti i Franques 1, Barcelona, Spain 

voneinem@uni-bremen.de

Humanity  is  polluting  this  planet  in  multiple  ways.  We  are  all  aware  of
phenomenas like the ocean garbage patches, but not only plastic can be found in
our  waters.  Likewise chemicals  from industry,  agriculture,  pharmaceutics  and
everyday life products can be detected in our rivers and wastewaters [1,2]. 
To  remove  the  chemicals  that  we  release  into  the  environment  we  need
innovative  technologies  to  clean  our  wastewaters.  TiO2 is  known  from
experiments to act as a catalytic surface to degrade pollutants [3], but there is
still  the  need  for  more  knowledge  about the  degradation  mechanism on  the
atomic level: What environmental conditions are favoring a degradation (i.e. pH
value, TiO2 phase)? Which pollutants can be removed by TiO2? Which role does
water  play  in  the  adsorption and  splitting  process?  And  what  can  we  do  to
improve this process? 
In this project we try to answer these questions by simulating different water
pollutants on a TiO2 slab in bulk water with a multi  method approach (fig. 1)
[4,5]. Starting with FF MDs of multiple molecules we get hints on how they are
interacting with the surface. This allows us to sort the pollutants into categories:
adsorption, no adsorption and clustering. 
If adsorbing behavior can be identified, we simulate the corresponding molecule
in the most prominent adsorption geometry in ab initio DFT methods to get more
information  about  the  splitting  and  possible  water  recombination  processes.
Since  the  presence  of  UV  light  supports  the  splitting  procedure,  TD-DFT
simulations of a first excited state can help us interpret the previously obtained
results [6]. 
When the pollutant shows clustering it can be assumed that the molecules rather
interact  with  themselves  than  with  the  surface.  The  driving  forces  of  this
phenomenon can be multiple  ones,  i.e.  hydrophobic  collapses,  hydrogenbond
formation  or  salt  bridges.  We  are  performing  MD  and  enhanced  sampling
simulations  (MetaD)  to  further  investigate  the  behavior  of  the  clustering
pollutants and their interaction with the aqueous environment as well as with the
TiO2 surface. 

Figure  1: Multi  method  approach  for  adsorbing  pollutants.  The  initial  adsorption
geometries are taken from the FF simulations as a starting model for DFT and TD-DFT
simulations.
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