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In the search for a better anode material for lithium-ion batteries (LIBs), elemental Sn has generated 

considerable interest due to its high theoretical specific capacity of 994 mAh/g. However, neither bulk 

material nor continuous films of Sn are useful in practice because the large volume change that occurs 

during lithiation and delithiation causes mechanical failure of the electrode [1]. Arrays of 

one-dimensional Sn nanostructures have been used to circumvent this, as they incorporate enough empty 

space into the structure to accommodate the expansion and contraction that occur during cycling. This 

reduces the associated stresses and prevents mechanical failure [2]. While most processes used to create 

nanostructures are slow and resource-intensive, a template-free, low-temperature, industry-scalable 

method for preparing nanostructured tin anodes has been reported [3]. The present study reports on the 

microstructural changes that these materials undergo during lithiation and delithiation as observed 

through in-situ experiments in the transmission electron microscope (TEM). 

 

The lithiation experiment was carried out using a Nanofactory TEM-STM holder in an FEI Tecnai F30 

TEM operated at 300 kV. The tin nanoneedles comprised the working electrode, and were electroplated 

onto an Omniprobe copper FIB grid by the method described in [3]. This grid was affixed to a piece of 

aluminum wire, 0.013 inch in diameter, with a conductive epoxy for mounting in the holder. Li metal 

was used as the counter- and reference electrode, and was scraped onto a piece of tungsten wire in a 

glove box with a dry He atmosphere and mounted in the holder. The Li2O layer formed on the surface of 

the Li metal during transfer from the glove box to the microscope acted as the solid electrolyte. 

 

Figures 1 and 2 illustrate the obvious change in volume and crystal structure that the needles undergo 

during lithiation. The large needle, which was in direct contact with the Li2O during the experiment, 

appears to have experienced a larger volume change than the small needle branching off of its base. This 

is consistent with the experimental observation of the branching needle taking more time and a higher 

voltage to participate in the reaction. Other materials such as Si have been shown to expand 

anisotropically upon lithiation [4], but preliminary results do not suggest this to be the case for Sn. The 

diffraction pattern in Fig. 1b is consistent with β-Sn (tetragonal structure), while the pattern in Fig. 2b 

clearly belongs to a polycrystalline Li-Sn alloy. Changes in individual Sn wires will be discussed. 
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Fig. 1 a) A branched Sn needle and b) its selected-area diffraction pattern (SADP) before lithiation. The 
edge of the Li/Li2O is just visible at the bottom of (a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 a) The same branched needle and b) its SADP after lithiation. 
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