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Due to their high specific surface and pH-tunability, loose TiO2 nanotubes (NTs) are emphasized 
as suitable candidates for applications in the decontamination or catalysis in thousands of papers 
per year [1-2]. Nevertheless, the general mechanism of the solute adsorption, that underlies the 
efficiency of these applications, in most cases of loose nanotubular structures is not rationalized. 
Usual macroscopic models are applied that provide no real insight into processes at nanoscale. It 
is not obvious on which exposed surface the adsorption process occurs, and what is the extent of 
coupling of the effect of both surfaces. As a result the relative preferential affinity of the solute 
between the inner or the outer NTs surfaces exposed to the liquid medium requires further study 
and adsorption models need revising [3].   

We address this question by investigating the case of the preferential adsorption of 
monovalent Cs+ cations onto loose TiO2 NTs in aqueous solutions, at the range of pH and bulk 
CsNO3 concentration. To probe the adsorption/charge relation, we conducted a complementary 
set of experimental techniques that probe the overall adsorption efficiency, equilibrium properties 
of the NTs suspension, and the stereological estimation of Cs+ concentration in post-adsorption 
dried solid sample. Furthermore, we used the classical density functional theory, to calculate the 
difference in adsorption between inner and outer surfaces, as well as the charge of NTs for various 
system compositions [3]. Effects of specific Cs+ binding, as well as the effect of the polydispersity 
of NTs radii were accounted for. We used the model that can interpret potentiometric titrations 
of the suspension, but also to rationalize Cs+ adsorption, and compare to experimentally derived 
efficiency. 

Since each of the aforementioned techniques probes a distinct thermodynamic state of the 
system, the individually obtained ‘adsorption’ properties seldom match quantitatively, and only 
the trend can be established. In this integrated approach, we tried to explain the origin of 
quantitative differences between different techniques. 
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Figure 1. Overview of the approach used to probe the difference in Cs+ binding between inner and outer TiO2 

nanotubes surfaces. 
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