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Nowadays, the Li-ion battery research is focused in the 
development of high energy and high voltage batteries to 
cover the needs of the portable electronics market and 
electric vehicle industry. However, in order to fulfil the 
continuously increasing energy demand, more efficient 
distribution grids and bulk energy storage systems have to 
be developed. For this, Na-ion batteries are becoming an 
attractive solution for stationary energy storage; where, 
despite the increase of weight from lithium to sodium, the 
total price is decreased by using aluminium current 
collector for anodes and being the sodium far more 
abundant and easier to obtain than lithium. 
 Recent works have shown that many lithium ion 
analogues are successful candidates able to operate as 
cathodes in sodium ion batteries [1]. Nevertheless when it 
comes to anodes, the lack of sodium insertion into 
graphite along with the fact that a material with a stable 
SEI layer has not been reported to date [2], much more 
deficiencies are encountered. So far hard carbons and Sn 
or Sb alloys have produced the most satisfactory results. 
 Recently, reversible reaction in Na2Ti3O7 [3] has 
been reported at significantly lower voltage than any other 
oxide electrode for sodium-ion batteries. A reversible 
phase transition is found to occur between Na2Ti3O7 and a 
Na12Ti10O28-like Na4Ti3O7 phase during the 
electrochemical reaction with a voltage of approximately 
0.3 V. Two Na ions could be inserted into Na2Ti3O7: 0.67 
Na per Ti, leading to a specific capacity of 200 mA·h·g-1. 
However, despite the optimum performance reported for 
this electrode material, no information has been gathered 
on the electrode surface properties as well as on the 
electrode/electrolyte interface. It has been found that the 
most powerful technique for probing the chemical nature 
of the electrochemical interface is X-ray photoelectron 
spectroscopy (XPS); other techniques such as surface X-
ray diffraction (XRD) or Raman spectroscopy although 
very relevant are less versatile in this respect [4]. Since 
there is a lack of XPS studies performed on sodium 
titanates, we decided to focus on results from XPS in this 
case. 
 In this work we will present quasi in-situ X-ray 
photoelectron spectroscopy (XPS) results that show the 
formation upon electrochemical cycling of a passivating 
layer in Na2Ti3O7 laminates casted on aluminium current 
collectors. The behaviour and composition of the 
electrode surface was studied along with its stability at 
different points of the electrochemical curve [Fig. 1]. 
 The photoemission experiments were combined 
with low energy ion etching so a depth profile of the 
passivating layer and electrode sub-surface was obtained. 
Moreover, structural information of the electrode material 
under study was obtained using techniques such as XRD, 
which have enabled us to have a complete picture of the 
factors governing the electrode stability. 
 

 Despite the formation of a passivating layer, the 
measured cyclability of the electrode and its specific 
capacity can position the Na2Ti3O7 as a cheap and 
competitive anode for Na-ion batteries which can 
certainly be further improved after optimization of 
different parameters of synthesis and laminate 
preparation. 
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Fig. 1: Galvanostatic cycling of Na2Ti3O7 vs. Na between 
2.5-0 V at C/10 from the first to the third 
oxidation/reduction cycles using 1M NaClO4 in EC:PC as 
electrolyte at room temperature. Spots indicate where the 
XPS measurements have been performed. 
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