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Abstract 

Modelling of catalysts for solar water splitting is one of the most investigated research directions. Nanotubular catalysts attract particular 
attention. For better understanding of photocatalytic processes computationally expensive approaches are required. For large-scale 
nanotubes (NTs) such calculations are not feasible with current computational power, therefore it is important to develop a 2D model able 
to represent a NT surface. In the present study, we developed three such models with various constraints of different complexity at the 
relatively cheap Density Functional Theory (DFT) level. We show that one sort of the constraints produces better results when modelling 
NTs with a thick unit cell of small area, and another sort – NTs with a thin unit cell of large area due to nature of applied constraints. We 
suggest that our results can be generalized and used for other material NTs. 
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1 Introduction 

Previously we have performed study of photocatalytic 
properties of 1D TiO2 nanotubes of two different 
configurations, (101) and (001), both pristine and doped, at the 
DFT level [1-5]. For in-depth understanding of photocatalytical 
water splitting, more computationally expensive methods are 
required, such as Time-Dependent DFT and Molecular 
Dynamics. It is not possible to accomplish calculations of such 
large-scale NT systems (around ~1000 atoms) with these 
methods within finite time period. Hence, we face a necessity 
to develop 2D models able to represent nanotubular surface 
properties with acceptable precision and computable within 
adequate time, in our case we focus on water adsorption. This 
problem can be generalized and the obtained results can serve 
as a basis for building 2D models for NTs of other materials 
and for other applications. 

2 Computational details 

The CRYSTAL computer code [6] has been used in our 
calculations. The models of TiO2 NThave been initially 
developed by means of DFT+HF LCAO method based on 
localized atom-centered Gaussian-type functions (GTFs) in 
the form of basis sets (BSs). For oxygen atoms, BS has been 
chosen as the all-valence, in the form of 8s–411sp–1d while 
for Ti atoms, the effective core potential (ECPs), as 
implemented by Hay and Wadt [7], has been used in the 
form of 411sp–311d. A hybrid exchange-correlation 
functional B3LYP with modified non-local HF exchange 
contribution [6] has been applied for our calculations. The 
choice of this specific computational method is explained in 

our earlier publications [1-5].  

3 Three proposed models 

We consider three 2D models with constraints of different 
complexity. In the first model a TiO2 anatase slab of either 
(101) or (001) configuration is taken as a basis. One of the 
lattice constants is kept equal to original slab value and 
another - corresponding to either inner or outer surface of a 
NT. Both lattice constants are kept fixed during geometry 
optimization. In the second model, more complex 
constraints are applied in order to obtain a set of 2 fractional 
coordinates for all atoms in a 2D structure which being 
multiplied by NT lattice constants, one of them 
corresponding to either inner or outer surface of a NT, 
would result in a structure more similar to a NT wall. Both 
lattice constants are also kept fixed within geometry 
optimization. In addition, one or two TiO2 units on the 
opposite side from the adsorbed H2O molecules are not 
subjected to optimization. The third model is based on 
cutting out a curved segment of a NT and translating it 
within an infinite 2D structure. 

4 Conclusions 

The first model produced promising results for modelling 
properties of (101) TiO2 NT possessing a thinner unit cell of 
larger area. The second model, in turn, performed better for 
(001) NTs possessing a thicker unit cell of smaller area. This 
is in a good agreement with the nature of applied constraints. 
Finally, it is more difficult to draw a positive conclusion on 
the third, NT segment model. 
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