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Supporting Information 

 
Table S1. Number of molecules used in each simulation cell. 

SEI Composition EC LiPF6 Li2EDC LiF Li2CO3 

Li2EDC 1213 115 404 - - 
     10% LiF 1213 115 404 277 - 
     25% LiF 1213 115 404 867 - 
     50% LiF 1213 115 404 2503 - 
     10% Li2CO3 1213 115 374 - 89 
     25% Li2CO3 1213 115 322 - 235 
     50% Li2CO3 1213 115 232 - 505 
LiF 1380 126 - 1080 - 
Li2CO3 1426 130 - - 1008 
 
 
      

 Bulk-Ion Solvation Structure: 

The solvation structure for lithium ions and PF6
– anions at the center of the simulation cells used in this 

work are shown in Figures S1 and S2 in order to verify their correspondence to the expected bulk 
environments.  Figure S1 also demonstrates that the environment of the lithium ions in the amorphous 
Li2EDC agrees with previous bulk SEI studies by reproducing the appropriate RDFs.  The first peak in 
each RDF was used to calculate coordination numbers used in generating Figures 4, 5, and S3. 
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Figure S1.  Radial distribution functions (RDFs) between Li+ and (a) atoms in the electrolyte and (b) atoms 
in the SEI layer.  In the left-hand panel, the RDF for the carbonyl oxygen of EC (red solid, scaled by a factor 
of 2 for graphing purposes) and the phosphorous atom in PF6

– (green solid) in bulk electrolyte are shown.  In 
the right-hand panel, the RDF for the carbonate oxygens of EDC2-(red solid, scaled by a factor of 1.5 for 
scaling purposes) and other Li+ cations (green solid) are shown. The corresponding coordination numbers are 
plotted (dashed lines, follow the right-hand y-axes) along with insets showing the atomic structure of each 
molecule with carbon atoms in black, oxygen in red, hydrogen in gray, lithium in blue, phosphorous in 
orange, and fluorine in green. 
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Figure S2.  Radial distribution function (RDF) between the phosphorus atom of PF6
– and species “X” 

corresponding to either the hydrogens of EC (red solid line) or the carbonyl carbon of EC (blue solid line).  
The accompanying coordination numbers are shown as dashed lines and follow the right hand y-axis. 
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Surface-Ion Solvation Structure for 10% LiF and 50% Li2CO3: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ion Solvation Dynamics:  
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Figure S4.  The solvation residence time correlation function is shown for EC (left panel) and PF6
– (right 

panel) coordinated to lithium in the electrolyte near the interface of a pure amorphous Li2EDC film.  For both 
graphs the correlation function is shown at z = -4.66Å (red solid),  7.34Å (green dot-dashed), and 26.34Å 
(blue dashed) with respect to the SEI interface.  

Figure S3.  The change in average coordination is shown for lithium cations as a function of distance from 
the amorphous SEI containing 10% LiF by mass (left panel) as well as the SEI containing 50% Li2CO3 by 
mass (right panel). As in Figure 4, coordination of lithium by phosphorus (red x’s), EC carbonyl oxygens 
(black crosses), and EDC2- oxygens (blue circles) are shown along with fluoride (left panel – green circles) 
and CO3

2- oxygens (right panel – green circles).  Coordination by EC and phosphorous were scaled with 
respect to bulk electrolyte values while the SEI coordination numbers in the left panel have not been scaled.  
For graphing purposes, the SEI values in the right panel have been scaled by 1.5. 
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Figure S5.  The surface residence time correlation function is shown for EC (left panel) and Li+ (right panel) 
near the SEI interface of a pure amorphous Li2EDC film.  For both graphs the correlation function is shown 
at z = -1.66Å (red solid),  4.34Å (green solid), and 10.34Å (blue solid) with respect to the SEI interface.  
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