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Study Effect of Deposition 
Morphology on Efficiency 

Through this study I found that the use of the highly thermally stable 
solvents cause the magnesium deposits to be globular and lead to short 
circuiting. This is caused by a boundary layer that alters the surface energies 
at the interface. This then leads to short circuiting over time suggesting that 
the sulfones will not be effective practically in a battery. 
 
The results from this work are published in a peer reviewed journal. 
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Artificial Solid Electrolyte 
Interphase Using an Ionic 
Polymer 

We developed thin film coatings of ionomeric materials to be used as an 
artificial SEI on a commercial separator. And via aging tests, they did prove 
to be effective in preventing decomposition on the magnesium surface. 
However, the presence of the coating did not alter the electrochemical 
performance of the battery as anticipated.  
 
I did, however, go on to do an in depth study of the ionomer materials for 
use as a bulk electrolyte material but it was found that these materials are 
intrinsically limited due to low conductivities and high resistances. This 
secondary study is published in a peer reviewed journal. 
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From the first objective, I was able to determine that the solvent composition dramatically impacts the deposition morphology, as observed 
in Figure 1. This is due to a large interfacial impedance, observed in Figure 2, which is attributed to a boundary layer. Therefore, the 
magnesium deposition morphology in the case of a sulfone containing electrolyte is driven by surface energies. This preferred deposition 
morphology in the case of the butyl sulfone containing electrolyte led to electronically isolated deposits and soft short circuiting (cell 
failure) after extended cycling. 
 

 
Figure 1: Magnesium deposits from Mg(HMDS)2 – 4 MgCl2 in (a), (b), (c) 50 Butyl Sulfone/50 THF and (d), (e), (f) THF. (a) and (d) are on a Cu substrate, (b) 

and (e) are a Pt substrate, and (c) and (f) are on Mg 

 



 

Figure 2: Impedance spectra of Mg(HMDS)2 – 4 MgCl2 electrolyte in (a) THF and (b) 50 Butyl Sulfone/50 THF in an Mg/Mg cell. 

 

As mentioned above, the ionomer coatings did not change the electrochemical performance of the cell. This is attributed to 

the ability of the polymer to, at least partly, swell the electrolyte which does contain parasitic species. However, after 

extended cycling in the cell with the ionomer coating the magnesium remained shiny whereas the control case turned black. 

This is evident of a chemical instability between the electrolyte and the magnesium. Although this project did not achieve the 

intended performance, it does show that there are two obstacles facing certain magnesium electrolytes: chemical stability and 

electrodeposition reversibility, and that these are not coupled. 

 

 
Figure 3: Mg(TFSI)2 electrolyte after cycling in an Mg/SS cell (a) without ionomer coated Celgard and (b) with ionomer coated Celgard. 

These ionomer materials were studied in depth in their bulk phase to determine if magnesium ions could be both conducted 

through the polymer phase and then electrodeposited to form magnesium metal. From Figure 4, it is shown that the dry 

ionomers do not enable facile magnesium ion transport. However, the addition of solvent increases magnesium ion 



dissociation and therefore increases magnesium ion transport. The highest ionic conductivity is observed when the film is 

swelled in DMSO, reaching 10-3 S/cm (approximately that of a liquid electrolyte), suggesting complete ion dissociation. This was 

confirmed via SAXS measurements (not shown). The effect of DMSO was maintained in solvent mixtures of 10 % DMSO 90 % 

ether (THF or DME). Therefore, the ability of magnesium to deposit was studied in the 90 DME/10 DMSO system, as the 

[Mg.3DME]2+ solvated cation is hypothesized to be the electrochemically active species in some electrolyte formulations. 

Large interfacial impedances prevented the deposition of magnesium from a galvanostatic (constant current) hold, so Figure 5 

shows deposits from a potentiostatic (constant voltage) hold. The large interfacial impedance is hypothesized to be due to the 

large resistance that comes from the phase between the polymer and the metal, making it unfavorable for magnesium ions to 

transport through due to the lack of a counter anion. Nevertheless, a small amount of magnesium deposits did occur from the 

potential hold. 

 

Figure 4: Temperature dependence of PEGDMA1000-Mg(STFSI)2 polymers at a 20 EO:Ch ratio swelled in different solvents.  

 

Figure 5: Magnesium deposits on copper after constant potential hold at -700 mV vs. Mg for 10 hours. Left, SEM image. Right, individual elemental maps 
from EDS measurement. 

 

 


