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Report: 

 
 In this experiment we aimed to use our in situ XAS and XRD battery cell, previously tested in an 

experiment at the same beamline (01-01  914), to explore an interesting class of conversion based anode 

materials. The materials crystalise in the tetragonal I4/mcm space group and have the following chemical 

composition MSn2 (with M = Co, Fe, Mn). Upon reaction with sodium the following reaction is expected  

MSn2 + Na  Na15Sn4 + M
0
, with the extrusion of nanoparticles 

With a combination of XAS and XRD in situ measurements we aimed to certify this reaction mechanism by 

identifying Na15Sn4 in the XRD and tracking the oxidation state of the transition metal as the structural 

changes occur.  

 

 The experiment was performed successfully, allowing us to gather data sets on four in situ cells as 

well as on some ex situ samples. The battery sample holder available at the beamline was converted to hold 

ex situ samples on Kapton foils tremendously reducing the time needed for the exchange between different ex 

situ samples. With no technical difficulties on the electrochemical equipment nor on the beamline (except on 

the final evening), the allocated beamtime was thus put to optimal use. XANES on the transition metal 

K-edges were collected in fluorescence (due to the highly absorbing Sn in the structure) and XRD was 

recorded throughout the cycling of the in situ cells. The proposed reaction mechanism is, however, difficult to 

verify with the in situ data.  

 

 The XANES data show no significant shifts in the absorption edge throughout cycling (Figure 1a). 

The XRD data show a similar stationary trend (Figure 1b). The FeSn2 peaks surprisingly didn’t change in 

intensity and no peaks ascribable to Na15Sn4 could be identified. We attribute this to the fact that the material 

was not crystalline enough to allow subtle changes to be observed. A few peaks, probably related to side 

reactions, are observed to grow with scan number but could not be identified. However, both in situ XAS and 

XRD results are in accordance. There could be two possible reasons for this stationary trend, either (i) the 

oxidation state of the transition metal is the same in the alloy as in the transition metal nanoparticle, roughly 

0, such that no shift in the XANES absorption edge occurs even though the extrusion takes place, or (ii) the 

timescale of the first cycle studied in situ is not enough for the extrusion to occur to completion to be visible 

by the technique but rather this process happens over multiple cycles. For option (i) the nearest neighbour 

environment would still be expected to change upon extrusion, causing shifts in the oscillations after the edge 

jump, yet no such shifts were seen making this option unlikely. Option (ii) would mean that more specific 



 

charge would have to be achieved in later cycles when the transition metal is fully extruded. Indeed, 

electrochemical results show that the material undergoes an activation over multiple cycles slowly increasing 

the specific charge that it achieves, making the latter reason the most likely explanation for the trend seen.  

 

 The electrochemistry of the in situ cell was similar to the one performed in our laboratory and the 

galvanostatic curves are compared to our standard electrochemical cell in Figure 1c for FeSn2. At 0.8 V on 

the first sodiation an extra potential plateau is observed for the standard cell, which can be attributed to the 

fact that the cells are made from different materials, leading to different surface reactions occuring at this 

potential. The onset of the low potential plateau is at the same potential for both systems and the specific 

charge achieved in the cells after the 20 hour potentiostatic step at 5 mV is comparable achieving just above 

400 mAh/g. On desodiation the overpotential is slightly higher in the in situ cell and the reversibility is not 

quite as good as for the standard cell. Potentially a longer potentiostatic step at the end of sodiation in the in 

situ cell could combat such a trend. 

 

 EXAFS data was recorded on ex-situ samples at different states of sodiation and the analysis for the 

FeSn2 electrodes is presented in Figure 1d. The spectra were treated for a k value between 1 and 9.5. A small 

trend is visible here showing that the peak at 2.8 Å, corresponding to the Fe-Sn bond length, diminishes on 

sodiation and grows again on desodiation. This is in line with our hypothesis as the sodiation occurs by Na 

alloying with Sn, which consequently destroys some Fe-Sn bonds. This process is probably the reason of the 

specific charge obtained for this material. 

 

Further investigations of the data are ongoing. Additionally first trial experiments whether it could be 

possible to investigate this material after a few cycles and with a longer potentiostatic step at the end of 

sodiation are in progress. 

 
 

Figure 1  a) Fe K-edge XANES spectra at different states of sodiation of the in situ cell and with references, b) Contour plot of the 

XRD spectra taken during the cycling of FeSn2 in the in situ cell with red indicating highest intensity and blue the lowest intensity, 

c) Electrochemistry of the in situ cell compared to our standard cell for FeSn2 and d) EXAFS of FeSn2 ex situ samples. 


